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PREFACE

A growth study of Central Australian Aborigínals r¿ho live under

settlement conditions at Yuendumu, 185 miles north-west of Alice

Spríngs, \^/as begun in 1951 by the Department of Dental Science.,

University of Adelaíde. Duríng the first stage of the investigation

the oral health status of the Yuendumu subjects r^ras determined,

sería1 dental casts were obtained and attention was directed towards

the analysís of tooth morphology, occlusal relations and the patterns

of mastication (CAI'IPBELL and BARRETT, '53) .

In 1961 the scope of the study r,/as extended and emphasis was

placed on dental development and its relation to the patterns of

craniofacial and general skeletal growth. On each annual visit to

the settlement the subjects enrolled were examined anrl- a wide range

of records obtained. The materíal now available for analysis com-

prises dental casts, standardised roentgenograms of the head, roent-

genograms of the hands, observations of selected body measurements,

genealogies, and photographic records. The objectives of the denÈal

study, the methodology developed and the progress to date were

outlined by BARRETT, BROI/üN and FÆ{NING (r65).

During the course of this long-term study, which

became evident that useful information would accrue

is continuing, it

from a collateral

ínvestigation of skul1s selected from the collection of Australian
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Aborígínal skeletal material housed in the South Australian Museum.

Although the craniology of the Australian is well documented, limited

use has been made of roentgenographic techniques of measurement or

multivariate methods of data analysis. The museum study was under-

taken to c1 arífy the patLerns of craniofacial assocíations within

this ethnic group by the applicaticn of multivariate procedures.

Apart from ihe maírr objective, considerable aEtention has been

given to the analytic methods;used. High-speed digital computers

have provided the research worker with means to apply penetratíng

analytic techniques that would otherwise be impractical because of

arithrnetic labour. However, the applicatíon of multívaríate

analysis in craniometric research has not kept pace with mathematical

and technological developments in computíng science and, wíth few

exceptions, little atËempt has been made to appraise the usefulness

of this class of analysis in treating anthropometric data.

The skul1 collecLion in Adelaide was examined and 100 specimens

were selected for study; subsequently measurements hTere obtained

directly from the skulls or indirectly from standardísed roentgeno-

grams. Computer programs \^rere developed to handle the specíal

techniques required and attenticn rvas given to some of the

dífficultíes that accompany the use of factor analysis, the multi-

variate procedure chosen as most appropriate for the study.
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This report is concerned wíËh the fíndings of the Aborígínal skull

study. Although the conclusíons refer to thís partícular sample,

the sections dealing with the analytic methods have a broader

application. In the first section, a bríef survey of previous

craníological studies of the Australian Aboriginal is given, the

material is described and the methods and use of factor analysis ín

cranlomet,ry are outlined. The remainder of the report presents the

findings derived from standard statistical procedures and from the

special mul-tivarÍaÈe techníques.

Numerical analyses \^rere carrfed out partly at the Uníversity of

Adelaide, and partly at the Royal ,Dental College, Copenhagen, Denmark,

during a period of study leave.
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CRA}IIOLOGY OF THE AUSTRATT¿ù{ ABORIGINAL

---

The morphological characters of the Aust.ralian Aboriginal skull are

well known and have been reported in an extensive literaEure that

spans a period of more than a century" I{hile Ëhe majority of reports

have stemmed from the examination of mt:.setrm material , many have been

concerned with the metrie and non-metrie chåracters of head-form ln

llving subJects. However, lÍttle aEgentioir has been given to Ehe

analysis óf variations in cranial form and furthermore the manner in

which genetÍc, envlronmental and functíonal deBermÍnants of cranio-

facÍa1 morphology interacE is stil-1" largel"y conje':iural" Ttnese

topicg are ímportant in the general understanding of human groldth

patterrrs but Èhey require the appl.lcaÈion of analytic procedures that

are more searching than ttrose used prevíously for the study of this

ethnle group. In this regard several authors have stressed the need

for new strategies in physical anthropology including the application

of multivaríaÈe methods of data analysis and the collection of

ínformation suitable for genetic study (I{ASHBTJRN, '51 , '62; GARN, t62,

SCHuLt, r62; BENNETT, '63)"

The following brlef revtew of studies concerned with Anrstralian

crantology is lntended as a frame of reference for the present

lnvestigatlon" Reports clted were selected from many avallable ín
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order to índicate the gradual transitíon ín objectíves and methodology

that has taken place over the years. I^Ihereas most earlier studíes

were descriptive ín nature, emphasis is now placed on bÍologícal

problems of more fundamental interest. Comprehensive revíeüIs are

available in standard anthropologíca1 t.exts and therefore no at,Èempt

has been made to summarise the present state of knowledge in detail.

Studíes of museum mat.erial

By the end of the 19th century the metric and non-metric characters

of the Australian skul1 had been described by a number of European

anthropologists" In the main, Ehese reports were based on examina-

tions of relatively few specimens from museums or prívate collections.

TURNER (1884) referred to existing literature and described 35 skulls

including three which had been collected during the Challenger

expeditíon. In Turner's view, a description of two Australian skulls

presen,ted to Blumenbach in 1795 by Sir Joseph Banks had initíated

ínterest in this ethnic group. Turner gave particular attentíon to

the use of craníal indices ín the description of sku1l shape

illustrating his account wiÈh data derived from earlíer wríters. In

view of the modern acceptance of roentgenographic cephalometry, Ít 1s

interesting that Turner noted the value of sagittal sections ín

eraniometry and provided measurements obtained from rubbings of three

such sections.
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Skulls in the Cambridge University Museum were described and

índívidual measurements of the specimens tabulated try DUCKI'IORTH ('04).

Although only 38 skulls I¡rere available for study, a valuable

feature of Duckworthts report was a summary of previous findings

derived by Davis, Flower, Quatrefages and llamy, and Turner. By

poolíng the earlier observatíons, Duckwonth provided mean values of

cranial capacíty and craniofacial indices for a sample of 2L4 skulls.

KLMTSCH ('08) reported the metric characters of 87 skul-ls from

the Roth collection, Queensland, and provided detail-ed descríptions

and contour drawíngs in three planes for 11 of these" This work

was followed by the publication of dioptrographlc tracings prepared

ín three normae from 90 Australían cranía, by BERRY and

ROBERTSON ('14).

To determine reliable statisËícal constants for Au.stralian and

Tasmanian skulls, MORAI{T ('27) pooled data from previous studíes ín

which skulls had been carefully sexe<l. Eighteen reports, dating

from Pruner-Bey in 1865 to Schultz in LglB were used to províde

parameters from a sample of 300 Australian skulls. In additíon,

tülo studíes of unsexed material bv Krause in 1897 and Robertson in

1911 were reviewed. Morant gave considerable attention to the

varíability of cranial components and to correlation among cranial

variables. On Ëhe evidence obtained from coefficíents of racial

likeness, Morant concluded that sku1ls from different regions of

Australia were suffíciently alike to be classífíed together as
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Australían Type A, wíth the exception of those from the Northern coast

which he found different in craníal vaul L size and shape but similar

in general facial morphology.

A comprehensive meËric survey of nearly lrooo skurls from museums

in Adelaide, Melbourne, sydney and London r¡ras made by ïIR.DIrëKA ('2g).

The skul-l-s r^/ere categorised accordíng to state of o-rigin and sex, and

the tabulations included índividual observatíons and mean values for

most standard craniometric variables and indices. Although Hrdliõka

found regíonal variations within his sample, he r^ras not prepared to

subdivide the skul1s into specífic morphologícal groups.

During this active períod, a further contribution to Australian

craníology r¡ras made by JoNEs (t 29) who presented aver¡lge type contours

for 90 unsexed crania. Although 1ittle discussion hras gÍ.ven, the

contours were drawn in the three normae - lateralis, facialís and

vertícal ís .

As part of a morphologícal study of oceanic skul.l-s, I,ùAGNER (,37)

analysed data obtaíned from 114 Austrarian specimeas loi:ated in

museums at oslo and London. this series, ülagner pointed o-r!t, r^/as

quÍte dístinct from Ehat of Hrdlíðka. Besl'-des prc,víding a summary

of the more important contributions to that time, an att_empt was made

to defíne areas of overlap between skurll series described by previous

workers. Itlagner calculated parameters for most standarrl c.ranío-

metríc varíables and used coefficients of cornelatÍon tc anatr_yse

craníofacial associaÈions. Although he supported MoranErs specífic
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groupíng of Northern Australian skulls, trrlagner could not conf irm that

skulls from other regíons were sufficiently alike to be placed ín one

conmon group and therefore proposed a comparatively even sequence of

craniological types with the extremes from the Northern regions on

the one hand and South Australia on the other'

A recent craniometric study of the Australian sku11 was conducted

along traditíonal línes by MILICEROI4TA ('55) who examined 80 specimens

from the Anthropology Department at hlroc{aw" Indivídual measurements

and statísËícal parameters for 94 variables were 1ísted together with

photographs of each skull examined. Milicerowa explained that the

I^Iroctraw collectíon ís part of a Larger series of skulls presented by

Klaatsch. However, although series numbers given by Klaatsch

agreed with those in the Polish collection, sexing and índívidual

measurements did not, so that the precise relatíon of Milicerowats

study to the earlier one by Klaatsch is uncertain'

The non-metric characters of the Australian skull \^7ere described

by a number of earlier investigators but without benefít from the

scheme of standardisation put forward by JONES ('31)" Since then

several studies have been made on large samples of Australian

skulls. KROGMAN ('32) examíned 113 nale and 70 female specimens

from the museum of the Royal College of Surgeons, London, and

FENNER ('39) provided a definitive account of the non-metric

characters by documenting observations made on over 1r000 adult

skulls sexed and classified according to state of origin. More
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recently LARNACII and FREEDMAN ('64) and LARNACII and MACINTOSH ('66)

provided extensive non-metric observations on a group of 1-18 skulls

from coastal New South I,rlales. The metric characters of the same

skulls were described by FREEDMAN ('64>. The last three studies

oríginated from Èhe Anatomy Department, University of Sydney, and are

complemented by a review of published data and theories relating to

the osteology and origins of the Tasmanian Aboriginal (MACINTOSH and

BARKER, '65) "

In additíon to the accounts referred to above, several texts on

physical anthropology list parameters for various craniofacial

variables and outline the principal non-metric characters of the

Australian skul1. In particular, MARTIN-SALLER ('57), ASHLEY-MONTAGU

('60) and COON ('63) tabulate extensive data and provide guides to

relevant literature.

Idith the exception of the vüorks by MORÆ'{T ('27) and hIAGNER (r37)

previous metrical studies have been essentially descriptive in nature,

little attention being given to the nature of intragroup variation.

However, ín more recent times, metric data have been obtained from

Australían crania and studíed for purposes other than description or

ethnic group comparison.

ABBIE ('47) obtained measurements of 50 male and 50 female

specl-mens for a study of human head form in relation to evolution,

racial characters, heredity and environment. Through the use of

coefficients of correlation, Abbie found little evidence of any



-7-

important associations between the form of Ëhe head and the size of

the jaws. Sínce 1950 a number of reports have origínated from the

Department of Anatomy, Uníversity of Adelaide. ABBIE ('50)

díscussed the closure of craníal sutures in the Australian sku1l

and HONE (,52) traced phylogenetic changes in the post-orbital

structures. MURPHY, in a series of papers, has investigated the

spheno-ethmoidal junction ('55), the pterion region ('56), the chin

and mental foramen (t57a), and the post-natal changes in mandibular

form ('57b). In addition, Murphy has described the patterns of

Èooth attrition and temporomandíbular joint function ín Australians

(t65). Recent papers from this Department deal wíth the selection

of reference poínts and lines for use in comparative craniometry

(ABBIE, '63a, 63b).

Fíeld studies

A review of the principal field studies of Australian Aboríginals

r¡/as made by ABBIE ('63c) who listed over 90 references dating from

the early observations of the English explorer Dampier ín L729.

The following summary is restricted to investígations undertaken by

the Uníversity of Adelaíde. Those íncluding observations of head

form have been given precedence.
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CaMPBELL and HACKETT ('27) obËained data, including many recordings

of head dimensions from 57 Arunta tribesmen. Mean values r^rere com-

pared with those previously reported and partícular attentíon hras

given to values for head indices. In two later papers (CAMPBELL,

GRAY and HACKETT, '36ar 36b), findíngs from a srudy of 480 Aborigínals,

grouped according to sex and dental age, \¡rere summarised and

statistical parameters for most standard anthropometríc varíables

were calculated. The authors could find no evidence to support the

view that distinct physícal types exíst among Aborígínals from

Central Australia"

Sínce 1945 Abbie has published many reports dealing wíth the

physical anthropology of Australian Aboríginals using data derived

duríng a series of field expeditions to several parts of the continent

(ABBIE, '63c, '66). Craniofacial morphology was discussed in papers

descríbing the metric and non-metric characters of the trlailbri tribe

from Central Australia (ABBIE, '57i ABBIE and ADEy, '55).

Prelíminary attention has been given Ëo the nature of physical changes

in Aboriginals consequent upon contact with European environments

(AEEIE, '60) and to the patterns of physícal growth in three tribal

groups (ABErE, '6La). rncluded ín the latter study were observations

of growth changes in morphologic face height, bizygomaËic diameter and

cranial shape. The same author (ABBrE, r61b) listed selected mean

values for anthropometric variables measrrred on Aboriginals 1íving in

the southern coasËa1 regions, the central desert and northern Arnhem

land" A remarkable degree of physical homogeneity r¿as found Ín
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subjects from quite different geographíc and cultural environments.

Field r^rork on the physícal anthropology of Australian Aboriginals

is contínuíng and to date Abbie and his colleagues have covered

extensive areas of the continent to collect as many relevant data as

possíble before the tradítíonal tribal sËructure deteriorates further.

Apart from Abbiers survey, the dental study referred Ëo in the

preface wí11 provide informatíon on patterns of craniofacíaL growth

ín tr'Iailbri children from Central Australia.

Roentgenographic cephalometrY

The technique by which measurements of the skull are obtained

indírectly from standardísed roenÈgenograms ís well known and widely

accepted in clínical orthodontícs and facial growth research although

applícations in physical anthropology are lirnited in number. The

method has been used to study craniofacial morphology in Australian

Aboriginal s .

CRAVEN ('58) used head roentgenograms obtained by IIEATII ('47)

to investigate a group of Aboríginals from the Haasts Bl-uff Settlement

in Central Australia. Mean values \47ere computed for selected

angular variables and indíces in males and females grouped accordíng

to age. This T^7as the first appl-icatíon of roentgenographic

cephalometry in AusÈralían Aborigínal studies but it was limited in
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scope by the mixed tribal origín of the subjects and by the number of

films available for analysis.

Since 1961 roentgenographic cephalometry has been íncorporated in

a long-term grorn/th srudy of l,üaílbri Aboriginals (BARRXTT, BROWN and

FANNING, '65 ) . Facial prognathism in the l,rlailbri was ínvestigated

by BARRETT, BROI,JN and MACDONALD (163) and arrenrion was given ro

experímental errors involved in the use of roentgenograms to derive

indirect skull measurements" The findings \^7ere compared wíth those

of other ethnic groups to demonstrate that although prognathísm of the

alveolar regions of the face was marked in the l,Jailbri, the measures

of basal jaw prognathism r^rere remarkably uniform in the groups

compared" More general aspects of facial morphology in the trrlaílbrí

were. investígated by BROWN and BARRETT ('64) who repcrted sex

differences in mean values and variances; a preliminary correlation

analysis failed to demonstrate any craniofacial associatíons of

marked bíologícal interest. A more detailed account of craníofacíal

variations in young adult members of the trrlailbri tribe was given by

BROVJN (t65a) who used correlation and regressíon analysís to study

variations in facial prognathism in relation to cranial base

morphology and the size and shape of other dentofacial structures.

Until now, the roentgenographic study of the hlaílbrí Aboriginals

has been concerned wíth craniofacial morphology in adults but, many

records have been obtained from younger subjects. A preliminary

comparison of facial characters in Australían Aboriginal children
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and children from Melbourne, New Zealand and North America has been

made by GRESHAI,I, BROIdN and BARRETT ('65). In addítíon, multivaríate

techniques have been applied to craniometríc data to íllustrate the

use of factor analysis (BROWN, BARR-ETT and DARROCH, '65a) and to make

a factorial comparison between Aboriginals and Europeans (BROWN,

BARRXTT and DARROCII, '65b).

Summary

Early studies ín Australian craníology were desígned to describe

and classify morphological characters of the skull- but recently there

has been a trend to probe for the underlyíng causes of observed

varíatíon both within and between groups. This approach, as

lüAstlBURN (,62) pointed out, is concerned with the development of

hypotheses that can be subsequently tested by further experimentation,

in contrast to investigations where anthropometry ís the principal

method and the tabulatíon of observations a main objective.

The metric and non-metric characters of the Australian sku1l are

now well documented and it would seem that little ís to be gaíned

from further descriptíve studies unless they are desígned to throw

light on the question of regional variations' However, the under-

lying nature of associations between craníofacial components is less

certain even though the topic has receíved preliminary attention.



-L2-

rf substantial progress is to be made in these research areas, there

is little doubt that modern computer facilitíes should be effectively

used for data recording and analysis (BARRETT, BROI,üN and srMMoNS, ,66;

BARR-ETT, BROIdN and McNULTY, '67).

Recent developments in computer technology have provided the

bíometrician with refined analytic methods that !üould otherwise be

unmanageable on account of the mathematical labour ínvolved. For

example, multivariate procedures offer nevr avenues for craniometric

research particularly in the study of associatíons between measurable

characters and in the discrimination between groups. unfortunately,

relatively few examples are available with which to assess the general

usefulness of these procedures in craniometric data analysis.

Multivariate methods have not been applied to the study of cranio-

facial variations in Australian Aboriginals in any systematic way;

ít would seem that an investigation incorporatíng the technique of

roentgenographic cephalometry and designed to take advantage of

recent developments in multivariate analysis would contribute to

knowledge in this fíe1d and supplement the information obtainable by

more conventional means.
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MATERIALS AND METIIODS

General considerations

Facíal growth and morphology have been studied by the quantitative

analysís of measurements obtained direcË1y from subjects or indirectly

from roentgenograms of the head. cross-sectional or serial research

may be índicated in particular situations but information on

índividual growth patterns is provided only by carefully obtaíned

serial observations (GARN and SIIAI,IIR, '58). Metallíc implants used

in conjunction with serial head roentgenograms constitute the best

method for accuraËe interpretatíon of the dírectíon and amount of

facial growth (BJöRK, '55a, '63, 164a).

Cross-sectional studies of Ëhe human skull are usually limited to

the presentation of statistical parameters for size and shape; only

when carried out over several age groups do they provide informatior¡.

on growth trends. It is possible, however, to gain an insight into

craniofacial growth patterns by means of correlation analyses carried

out on cross-sectional data. This approach assumes that associations

between variables provide evidence of the presence buË not rùecessaríly

the nature of coordinating mechanísms that have operated duríng the

growth of the components correlated" The information obtained in
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this way is limited because the use of correlation analysis in cranio-

metry is complicated by statistícal problems and diffículty in the

interpretation of observed values. Another disadvantage in

correlatíon studies líes in the necessity of handlíng variables in

pairs or adopting a partial or multiple correlation approac.h. In

either case a thorough examination of all possible combinations of

variables is diffícult and time-consuming. Notwithstanding these

1ímitations, correlation studies can provide useful information

provided they are carefully interpreted.

Studies of associations may be clarified by applying a multivariate

approach to craniometric data analysis" The main advantage of this

technique over the more usual uni- and bívariaÈe methods stems from

the manner in whích the variables are treated collectively thus

avoiding the necessity of making prior assumptions of dependence or

independence among them. Some of these aspects have been discussed

by HOI{ELLS ('51) and more recently by SOLOI,TI ('66, p75) who carried

out correlation and multivariate analyses on data obtained from young

adult Danish males,

Apart from the numerical analysis of craníomeÈric data many

techniques of experimental biology have been developed to examine the

sites and patterns of bone growth in the mammalian skull. Among

several methods commonly used have been the histological examination

of growth sites (IIOYTE , '60; BAUME , '6L; CLEALL, PERKINS and GILDA,

'64), the experimental manipulation of sutures, synchondroses and
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gro\,,Ith carrilages (DuBRUL and LASKIN, '61; KOSKI and MASON , '64i

SARNAT, '63; DAS, MEYER and SICHER, '65) and the artificial

deformation of growing crania (MOSS, '59)"

In addition to the study of siËes and mechanisms of facíal growth,

attention has been given to genetic aspects of facial growth (KRAUS,

I¡IISE and FRII, '59; GARN, LEI^IIS and VICINUS, '63), the relation

between facial growth and general body growËh (LINDEGÂRD, '53;

BJöRK, '55b; NANDA, '55; BAMBHA and VAN NATTA, ',63i JOHNSTON,

HIIFRAI,I, MORESCHI and TERRY, '65) and the coordination of facial

gr:owth (MOSS and YOUNG , '60; MER-EDITII, '62) "

As a result of numerous laboratory investígations as well as

longitudinal and cross-sectional studíes of human material a clearer

understanding of the mechanisms and sites of facial growth is

emerging; these topics have been adequately summarised by BAUME

('61), SCOTT ('62>, MOSS ('64> and BJöRK ('64b) 
"

tr{ith the foregoing considerations in mind, the general objectives

of the present study were developed and the methodology considered

to be most appropriate was determined. The available material made

it possible to investigate craniofacial associations in an ethníc

group which is probably more homogeneous genetj-cally than other

living populations. Factor analysis, one particular form of multi-

variate technique, vüas selected to explore the patterns of covariation

present in the pre-European Australian skull. An important facet of

the investigation \^ras to assess the general usefulness of factor
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analysis in craniometric research.

Varíables were selected to represent the size and shape of several

anatomical regions of the skul1 and the data were obfained by measur-

ing the skulls directly or by measuring standardised roentgenograms

taken in the lateral and postero-anterior positions. The remaipder

of the present chapter deals with the material, the variables analysed

and the general st.atistical methods. Attention is also given to the

relíability of measurements deríved from roentgenograms. The multi-

varíate techníque is relatively new so far as craniometric research

is concerned and for this reason an outline of íts main features is

presented in a separate section (Chapter 3) 
"

Material

The skulls examined in the presenl investigation form part of an

extensive collection of Aboriginal skeletal material housed in the

South Australian Museum, Adelaide. Only specimens assessed as male

were included. Although no accurate datings \^rere avaílable for most

of the specimens, it is f.aírl_y certain that many of those selected

represent Aborigínal man ín Austral-ia at a time príor to Europea4

settlement.

About IrOOO skulls l^rere examined to select those best suited for

the requirements of the study. Only adult specimens \¡/ere accepted,
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that is those in which the third molars had erupted or., in a few

instances, where agenesis of one or both lower third molars was

evident, but the specimen was obviously adult" During this

inspection, sexing was carríed out and the dentitions charted but no

attempt was made to place the skulls in specific age groups.

The criteria lor selection of a skull for inclusion in the study

\^7ere as follows; mandible available, no major fragmentation in the

region of measuring landmarks, no noticeable postmortem distortion.,

a dentition sufficiently intact to allow placement of the mandible

in the position of maximum tooth contact.

Sexing \,üas carried out by the author using the features of dis-

criminarion lisred by sICHER ('60, p88) and FENNER ('39)" fn the

South Australian Museum the post-cranial specimens are stored apart

from the skulls and for many specimens sex ratings had been made

independently of the skulls by other workers (DAVIVONGS, '63; RAO,

,66) " In some instances the sex of specimens \^ras known and available

from museum records. Only for a few skulls \^lere no independent sex

ratings available and for these a colleague made separate assessments"

Finally, by comparing the authorrs ratings with those derived from

other sources, 106 skulls were classífied as male and registered for

inclusion in the study.

It is necessary

metric studies such

to recognise two limitations that aPply to cranio-

as the present one. Because sexing was attempted

there r^/as a considerable element of subjectivityby inspection alone



- 18-

even Èhough Ëhe secondary sex features are better differentiated in

Australian crania than in other groups. The skulls selected were

assessed as male but there is no certainty that thís classification

r¡/as correct ín all instances. However, the risk of selectíng skulls

with erroneous sex ratings !üas consíderably reduced by referring Èo

records derived from the post-cranial skeletons. rt ís probable

that the inclusion of a few skulls of the opposite sex would hardly

affect the overall interpretation of the findíngs derived from a

correlation analysis.

The second limítation was imposed by inevitable post-mortem

dimensional changes in the specimens. It is difficult to assess the

exact degree of shrinkage in museum material but BERGLAND (163, p23)

quoted sources showing reductions of linear dimensíons of up to two

per cent with an average shrinkage of about one per cent. Statistical

parameters derived from museum matería1 should be considered in the

light of post-mortem shrinkage but, so far as correlation sËudies are

concerned, this limitation should have little if any effect on the

findíngs provided that the dimensional change is fairly uniform

throughout the skull.

standardised cephalograms were obtained for the 106 skul1s by the

method to be described and after ínspection of these six skulls were

excluded because fragmentatíon was found in the cranial base region.

The final sample consisted of 1oo adulË skulls classified as male.
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Table I lists the skulls according to the Australian State of

origin.. Apart from the South Australian specimens there were few

skulls from any other State and it has been assumed that the variation

between different groups of Australían skulls would be símilar in

magnitude to the variatíon within a single group. Although thís

assumption could not be verified because of smal1 sample numbers in

the sub-groups, an examination of recorded measurements gave no

evidence to suggest the skulls could not be placed in a common group

for the multivariate study" However, for a prelímínary analysís of

cranial vault characters the northern coastal sku1ls hrere separated

from the others (Chapter 4) 
"

Table I 
"

Dístríbution of Australian skul1s according to state

of origin

State Number

South Australia
Victoria
New South trrlales

trrlestern Australia
Northern Territory

Coastal

Central Desert

No data available

L2

3

73

I
4

5

2

To tal 100
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Roentgenographíc metho ds

Roentgenographic cephalometry ís an established research method in

craniofacial growth studíes and several reviews of its applicatíons

in rhis field are available (BJöRK, '54; KROGMAN and SOUSSINI, '57;

GARN and SHAI'IIR, '58; SAI,ZMAN, '61 ; SCOTT, '63) . It is unfortunate,

however, that the technique has not found the same acceptance in

physical anthropology, particularly as a complement to traditional

t.echníques for studying head form in different populatíon grouPs.

Roentgenograms were taken wíth the skulls positioned in a

cephalostat constructed for use at Yuendumu, Central Australía and

described previously (BARRETT, BROVüN and I"IACDONALD, '63t BROWN, r65a).

The anode to median sagittal plane distance was fixed at 180 cm,

while the median sagittal plane to film distance v/as a constant 15 cm.

These distances, which are the same as those used at Yuendumu for

living subjects, produced a calcuLated enlargement of 8.3 per cent on

the roenËgenograms for linear dimensions situated in the median

sagittal plane or in the trans-porionic plane. Roentgenographic

enlargement was checked agaínst the image of a standard mí11ímetre

scale placed in the medían sagittal plane at the time of exposure.

To facilitate skull positioníng, the cephalostat was mounted on

a stable base in an inverted position (Figure l), the target-median

plane and median plane-film distances \^7ere set and alignment of the

central beam was checked by exposing íntra-oral dental films on which
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symmetrical superimposítion of the images of right and left ear-rods

indicated satísfactory alignment of central beam and cephalostat.

The following procedure \^ras used to obtain one lateral and one

posLero-anterior roentgenogram for each skull :

1. Small lead shot were fixed on each síde of the skull over the

eraniometric points porion and euryon. These indicators \¡Iere

required for some of the measurements carried out;

2. The mandible was located in the position of maximum occlusal

contact of the Èeeth and, when necessary, small pieces of soft wax

were placed between condyles and mandibular fossae to stabilíse the

mandible;

3" The skull hlas carefully inverted with the mandible retained in

the correct position and the specímen fixed in the cephalostat wíth

the f'rankfort plane horizonËal and at right angles to the central

beam;

4" For the postero-anterior fílm Ëhe cephalostat r¡7as rotated through

90 degrees and locked in this position without disturbing Ëhe skull

fixation 
"

The roentgenographic apparatus, a General Electric hospítal

instal-lation, was set at 80 Kvp and l-0 Mas for most skulls but at

times the exposure r¡/as varied according to the densíty of the

specimen. Kodak Blue Brand film was used with trrlatson Victor Kontax

cassettes, each fitted with two DuPont Stainless Fast Speed

intensifying screens" As far as possible the technique paralleled
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that. used ín Central Australía for líving subjects. All fílms were

processed in accord wíth the manufacturerts recommendations.

Measurement methods

Craniometric measurements r^rere made dírectly on the skul1s using

standard techniques and insÈruments'k (I4ARTIN-SALLER, ,57) " Dimensions

I^lere measured on the films wíth the aid of transparent ruled overlays

simílar to those suggested by BJöRK and SOLOI,TI ('62) " By using rhis

procedure landmarks were l,ocaEed separately for each climension and

the chance of perpeLuatíng errors in landmark identification was

avoided. The repeated determínations of landmarks reduced the

possíbílity of artificially inflating the values of coefficients of

correlation derived from the observaÈions.

Linear measurements \^/ere recorded to the nearest 0.5 mm on both

skul1s and roentgenograms; angular measurements r^/ere recorded to the

nearest 0"5 degrees. Linear measurements obtained on the lateral

roentgenograms r^/ere corrected for enlargement by the use of a special

rule, calibrated to compensate for the calculated enlargement value.

For the posËero-anterior films, aI1- linear measurements v/ere corrected

for differential enlargement accordíng to Ëhe formula:

X
(180 + d) y

195

Manufactured by Siber Hegner and Co" Ltd., Zurídn, Switzerland.
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vrhere x is the corrected value¡ Y ís the value measured on the

postero-anterior fílm, and d is the corrected distance of the land-

mark from the trans-porioníc plane measured on the lateral- fílm"

These adjustmenËs l^rere performed by digítal computer.

Craniometríc and roentgenographic reference points

Reference poínts used ín the study are listed and defíned below"

Craniometric points are desígnat.ed (C) and those located on

roentgenograms are desígnated (R), Seven of the landmarks were

defined for the present sËudy; these were the points A, B, C, D,

condylion, posterior nasal spine and scaphoíd fossa point" The

point tuberculum pharyngicum (pharyngeal tubercle) was locaËed

accordíng to the defínition of BERGLÆ{D ('63, p16) and the remaining

points ¡¿ere defíned with minor modifications in some instances

according to BJöRK ('60) for roentgenographíc locations and either

r^trLDER ('20), MARTTN-SATLER ('57) or ASIILEY-MONTAGU ('60) for

craniometric locatíons. Where a roentgenographic point was siÈuated

bíl-aterally and the two images did not coincide, the mid-point of

left and right images l^ras accepted as the point in question"

The poínts are íllustrated in Figures 2, 3 and 4 fot craníometric

locations, in Figures 5 and 6 fox roentgenographic locations and in

Figure 8 for the endocranium.
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poINT A (A): The posterior termination of the basal endocranial
contour, determined irrespective of the anteri-or clinoid Processes'
Poínt A is approximately at the junction of the contours of the
ethmoid horizontal plate and the orbital roof' (R)

poINT B (B): The anterior point of the line definíng the greatest
length diameter of the endocraníal contour' (R)

poINT C (C): The superior point on the endocranial contour furthest
from the line defining the greatest length diameter of the
endocranial contour. (R)

poINT D (l): The posterior point of the line defining the greatest
length diarneter of the endocranial contour' (R)

ARTICULARE (ar): The intersection of the contour of the exiernai
cranial base and the dorsal contour of the mandibular neck or
condyle " (R)

BASION (ba): The perpendicular projection of the anter:ior border of
the foramen magnum on a tangent to Lhe lower contour of the foramen

(R), qs the median poínt on the anterior margin of the foramen

magnum. (C)

CONDYLION (cd): The most superior point on the crest of the
mandibular condYle. (C and R)

ECTOMOLARE (ecm): The most lateral point on the outer surface of the
alveolar ridge, opposite the centre of the maxillary second molar' (C and R)

ENDOMOLARE (enm); The most medial point on the inner surface of the
alveolar ri<1ge opposite the centre of the maxillary second molar'
(c)

ETHMOIDALE (eth): The lowest median point on the contour of the
anterior cranial fossa corresponding to the cribriform plate of
the ethmoid bone. (R)

EURYON (eu): The two points opposite each other on the sides of the

skull which form the termini of the line of greatest breadth' (C)

GLASELLA (g): The most promínent point in the median line between

Èhe two eyebrow ridges, a little above the fronto-nasal suture' (C)

GNATHION (gn): The lowest point on the symphysis of the mandible in
the median sagittal plane" (C and R)

GONION (go): A point on the bony conLour of the gonial angle locaLed
by the bisectiån of the angle formed by the mandibular line and the

ramus line" (C and R)

GONIAL TANGENT POINT (teo): The intersection of the mandibular line
and the ramus line. (R)

HORMION (h): The median point in the suture between vomer and

sphenoid where the former overlaps the latter. Located in norma

basilaris " (C)
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INþ.RADENTALE (id): The highest and most prominent point on the
the lower alveolar process. (R)

NASION (n): The most anterior point of the fronto-nasal suture.
(C and R)

OPISTHOCRANIIIM (op): The most distal point on the skull from the
glabella in the median sagittal plane, excluding the external
occipital protuberance " (C)

ORALE (o1): The point on the bony palate where the median sagittal
plane intersects a line drawn tangentially to the points of
maximum convexity of the lingual margins of the alveolí of the
tr^ro central incisor teeth. (C)

POGONION (pg): The most anterior point on the mandibular symphysis.
(R)

PORION (po): The most superíor point on the margin of the external
acoustic meatus. (C)

posTERIOR NASAL SPINE (pr"); The apex of the posterior nasal
spine. (C)

PROSTHION (pt): The lowest and most prominent point of the upPer
alveolar process " (R)

PTERYGOMAXILLARE (p*): The intersection of the superíor contour of
the nasal floor and the anterior contour of the pterygopalatine
fossa. (R)

SELLA (s): The centre of the se1la turcica determined as the mid-
point of the maximum diameter of the fossa from the tuberculum
seIlae. (R)

scAPIloID F'.OSSA POINT (""p): The most anterior extremity of the
scaphoid fossa immediately adjacent to the medial Pterygoid
lamina " (C)

SPINÆ, POINT (sp): The apex of the anterior nasal spine" (C and R)

STAPHYTION (sta): The intersection of the median palatal suture and
a line drawn tangentially to the curves of the posterior margin of
the palate" (C)

SUBSPINALE (ss): The most posterior point on the anterior contour
of the upper alveolar process in the median sagittal plane"
(C and R)

TUBERCUTUM PHARYNGICUM (tph): Point of intersection between the
median sagittal plane and the line of attachment of the pharyngeal
raphe" (C)

ZYGION (rg)z The most lateral point on the zygomaLLc arch. (C and R)

ZYGOMAXITTARE (zm): The lowest point in the external suture between
zygomatic and maxillary bones. (C and R)
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VERTEX (v): The highest medial point on the sku1l when placed in the
Frankfort llorizontal. (C)

Roentgenographic reference lines (Figure 7)

NASION-SELLA LINE (NSL): The line through points nasíon and sella.

NASION-SELLA PERPENDICULAR (NSP): The line through sel1a and
perpendicular to NSL.

ETHMOIDALE-SELLA LINE (ESt): The line through points ethmoidale and

sel 1 a.

NASAL LINE (Nt): The line through spinal point and pterygo-maxíllare.
In some instances where there was marked curvature of the palaLe
thís line was located by inspection to conform wíth the general
inclination of the palate.

I.,ÍAI{DIBULAR LINE (ML): The line through gnathion, tangent to the
mandibular border at the angle region.

RAI.,IUS LINE (RL): The line through articulare, tangent to the
posterior border of the mandibular ramus.

Variables used

For the multívaríate study, varíables \4lere selected to rePresent

several anatomical regions of the skull" It r¡las not practical to

ínclude more than a fernr of many available and the variables chosen

hrere considered to provide the best indication of the sources of

variation to be studied. It is stressed that the selection \^7as made

prímaríly with the requirements of factor analysis in mind, and
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therefore would be expected to differ from one made for the purpose

of morphological description of the sample.

The neurocranium was described by t\^Io groups of variables, one

including measurements of the ectocranial and endocranial contours,

and the other consisting of size and shape indicators for the cranial

base. The endocranial variables measured dimensíons of the skul1

component referred to as the cerebral capsule by MOSS ('62). The

method of YOUNG (t56) was modified to obtain variables that would

adequately express the size and shape of the endocranium as chords,

indices and angles relating to the basal, frontal and parietal

segments of the endocranium (Figure 8). The endocranial surface was

considered as a continuous curve rather than the separate curves of

the sphenoid, ethmoid, frontal, parietal and occipital bones.

Inadequate definition on the roentgenograms precluded a reliable

analysis of the curvature in the sub-occipital region of the

endocranium" Cranial base variables consisted of síze and shape

measurements of the base segments between nasion and basion, measure-

ments of the frontal bone and frontal sinus and the inclination of

the foramen magnum to the nasion-se11a line"

The facial skeleton T¡/as represented by variables selected to

indicate nasal and nasopharyngeal dimensions, upper and lower facial

size and general facial shape" The nasal and nasopharyngeal group

included depth, height and breadth measures of these regions and the

orientation of the nasal fl-oor to the cranial base. Facial size



-28-

r^7as represented by breadth dimensions of the mid-facial regíons,

measurements of the palaÈe, mandibular dimensions and depth of the

infratemporal fossa, this variable beíng included to shor,tr the degree

of muscular development. Finally, the shape of the facial skeleton

r^ras expressed by a series of angles chosen to indicate prognathíc

build and the inclination of the jaw bases to the cranial base.

The ínclusíon of a large number of variables in the initíal stages

was deliberate and had the effect of revealing the sources of

covariation more readily by maximisíng the variance associated with

groups of related variables. lùhen more was known of the relation-

ships between the variables and the sources of cornmon varíatíon they

represented many were excluded from further analysís without loss of

important informatíon.

The variables are listed below; those measured directly on the

skul1 are índicated by C (craníometric) and those obtained indirectly

on lateral or posËero-anterior roentgenograms are indicated by

R (roentgenographíc). A variable is defined only íf the definition

is not inferred by the notation used for the reference points

determíning the variable. For example, the varíable nasion-

ethmoidale dístance ís defined as the distance between points nasion

and ethmoidale and was gíven the notation n-eth" SímilarLy, the

rnedian cranial base angle, defined as the angle between straight

lines joining nasion-sella an<J se11a-basion r^ras given the notatíon

n- s-ba.
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Endocranium

BASAL CHORD: The distance betln/een endocranial points A and B. (R)

BASAL INDICES T to 7: The perpendicular distances from seven
equidistant points on the basal chord to the nearest parts of the
basal endocranj-al contour, expressed aS percentageS of the basal
chord length. (R)

BASAL-FRONTAL CTTORD ANGLE (A-B-C) (R)

FRONTAJ, CHORD: The distance between endocranial poínts B and C. (R)

FRONTAL INDICES I to 7; The perpendicular distances from seven
equidistanË points on the frontal chord to the nearest parts of
the frontal endocranial contour, expressed as percentages of the
frontal chord length. (R)

FRONTO-PARrETAI CHORD ANGLE (B-C-D) (R)

PARIETAT CHORD: The distance between endocranial points C and D" (R)

PARIETAL INDICES 1 to 7: The perpendicular distances from seven
equidistant points on the parietal chord to the nearest parts of
the parietal endocranial contour, expressed as percentages of the
parietal chord length" (R)

ENDOCR¿û{IAL TENGTH (endo" 1): The distance between endocranial
points B and D" (R)

ENDOCRANIAL BREADTH (endo. b): The maximum distance between right
and left endocranial contours measured on the postero-anterior
roentgenogram. The measuring points correspond closely with the
external points euryon" (R)

ENDOCRANIAL HEIGHT (endo. h): The sum of the separate perpendicular
distances measured from basion and endocranial point C to a líne
joining endocranial points B and D" (R)

MAXIMIM CRÆ{IAL LENGTH (g-op) (c)

MÆ(IMUM CRAI{IAL BREADTH (eu-eu) (C)

AIJRICULO-VERTEX HEIGHT (po-n): The perpendicular distance bet\^leen
the vertex and a line joining the bilateral points poríon. (C)
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Cranial base

NA^SION-ETHMOIDALE DISTÆ{CE (n-eth) (R)

ETHMOIDALE-SELLA DISTANCE (eth-s) (R)

ANTERIOR CRAIIIAL BA,SE LENGTH (n-s) (R)

POSTERIOR CRAI{IAL BASE LENGTH (s-ba) (R)

TOTAL CRAI{IAL BASE LENGTH (n-ba) (R)

MEDIAN CRANIAL BASE At{cLE (n-s-ba) (R)

INTERNAL CRANIAL BASE ANGLE (eth-s-ba) (R)

FORÆ4EN ANGLE (for. angle): The angle berween rhe NSL and a line
drawn perpendicular to the tangent to the lower contour of the
foramen magnum. (R)

MrNrI{uM FRONTAL THTCKNESS (min. f): The shortest dístance measured
from nasion to the endocranial contour of the frontal bone. (R)

MÆ(TMLIM FRONTAL THTCKNESS (max. f): The greatesr distance berween
ecto- and endocranial contours of the frontal bone measured in the
median sagittal plane. This dimension usually spans the frontal
sinus. (R)

FRONTAL srNUS HETGHT (f. sinus h): The greaËesr disrance berween
superior and inferior exLremities of the frontal sinus as seen on
the lateral roentgenogram. (R)

FRONTAL srNUS BREA-DTH (f. sinus b): The greatest distance between
the lateral extremities of the frontal sinus as seen on the postero-
anterior roentgenogram. (R)

Nasal and nasopharyngeal cavÍtíes

SPIIENOID DIÆ'IETER (sphen" d): The shortest distance between the floor
of the pituitary fossa and the pharyngeal surface of the sphenoíd
bone. Thís dímension spans the sphenoidal air sinus" (R)

NASAL BREADTH (nasal b): The maximum distance between the lateral
margins of the nasal aperture perpendicular to the medían sagittal
plane" (C)
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NASAL DEPTH (ss-pns): The distance between poínts subspinale and
posterior nasal spine" (C) or The distance bet\^/een points
subspinale and pterygomaxillarel (R)

ANTERIOR NASAL HEIGITT (.t-sp) (C)

NASOPHARYNGEAL DEPTH (ba-pns): The distance between points basion
and posterior nasal spine. (C) or The distance betr¡7een
points basion and pterygomaxillare. (R)

INTRAPHARYNGEAL DEPTH (tph-pns) (C)

NASOPHARYNGEAI BREADTH (scp-scp) (C)

NASOPHARYNGEAL IIEIGHT (phar" h): The perpendicular distance from
hormion to a line joining posterior nasal spíne and basion,
usually measured with a palatometer. (C)

MAXILLARY PROTRUSION (s-p. hor.): The projected distance of point
pterygomaxillare to the NSP line" (R)

POSTERIOR UPPER FACE HEIGHT (s-p* vert.): The perpendicular
distance from point pterygomaxillare to the NSL. (R)

Facial size

MORPHOLOGICAL FACE HEIGHT (n-gn) (C) and (R)

MAXILLARY BREADTH (zm-zm) (C)

EIZYGOMATIC BREA-DTH (re-rg) (C)

MASSETERIC EREADTH (mass" b): Calculated as the difference between
bizygomaLic and bigonial breadths" (C)

MÆ(ILIO-ALVEOLAR BREADTH (ecm-ecm) (C)

PATATAL BREADTH (palate b): The distance between bilateral points
endomolare. (C)

PALATAT LENGTIT (palate 1): The distance between points orale and
staphylion. (C)

PALATAL HEIGHT (palate h): The perpendicular distance from the
highest point on the palatal vault to a line joining the bilateral
poinËs endomolare" Measured \^Iith a palatometer held at right
angles to the transverse plane. (C)

BIGONIAL EREADTH (go-go) (C)
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MANDIBULAR BODY LENGTH (gn-go); Measured on the skull as rhe
perpendicular distance from gnathion to a line joíning the
bilateral points goníon" (C)

TOTAL MANDIBULAR LENGTH (gn-cd): Measured on rhe skull as rhe
perpendicular disÈance between gnathion and a line joining the
bilateral points condylion. (C)

MINIMUM RAI'IUS BREADTH (ramus b): The least distance between anteríor
and posterior borders of the ramus. rn this study the right ramu,s
was rrsed except in a few instances where post-mortem fracture of
this ramus had occurred. (C)

MINII{IIM RAI{US HEIGHT (ramus h): The least disrance berween rhe
mandibular and preangular notches, usually measured on the right
ramus" (C)

TNFRATEMPORAT FossA DEPTH (infra t.f.d"): The disLance berween rhe
upper border of the right zygomatic arch and the deepest part of
the infratemporal fossa. Measured with a calibrated probe directed
horizontally inwards. (C)

Facial shape

MAXILLARY BASAL PROGNATHISM (s-n-ss) (R)

MANDIBULAR BASAL PROGNATHISM (s-n-pg) (R)

MAXILLARY ALVEOLAR PROGNATHISM (s-n-pr) (R)

MANDIBLITAR AIVEOLAR PROGNATHISM (s-n-id) (R)

PROFILE AIIIGLE (n-ss-pg) (R)

GONIAL AI{GLE (ar-tso-gn) (R)

NASAI FLOOR. INCLINATION (NL/NSI): The angle beLween NL and NSL. (R)

MANDIBUTAR BASE INCLINATION (ML/NSI): The angle between ML and NSL. (R)

NASO-MANDIBULAR ANGLE (NL/ML): The angle berween NL and ML. (R)

A summary of the variables used and the adopted notations is given
in Table 2.



Table 2"

1"
?

3.
4"
5.
6"
7.
8.
9"

10.
11.
12"
13"
L4"

15.
L6"
L7.
18.
19"
20.
2L"
))
23.
24"
25"
26"

27"
28.
29"
30.
31"
32"
33.
34"
35.
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The variables and Ëheir notations

ENDOCRANII]M

Basal chord
Basal indices I to 7

Basal-frontal chord angle
Frontal chord
Frontal indices I to 7

Fronto-parietal chord angle
Parietal chord
Parietal indices I to 7

Endocranial length
Endocranial breadth
Endocranial height
Maximum cranial length
Maximum cranial breadth
Auriculo-vertex height

CRANIAL BASE

Nasion-ethmoidale disËance
Ethmoidale- sel1a dístance
Anterior cranial base length
Posteríor cranial base length
Total cranial base length
Medían cranial base angle
Internal cranial base angle
Foramen angle
Minimum frontal thickness
Maximum frontal thickness
Frontal sinus heighË
Frontal sínus breadth

Sphenoid diameter
Nasal breadth
Nasal depth
Anteríor nasal heíght
Nasopharyngeal depth
Intrapharyngeal depth
Nasopharyngeal breadth
Nasopharyngeal height
Maxillary protrusion
Posterior upper face height

NASAL AI{D NASOPHARYNGEAI CAVITIES

A-B-C

B-C-D

endo. 1

endo. b
endo. h
g-oP
eu-eu
po-v

n-eth
eth- s
n-s
s -ba
n-ba
n- s-ba
e th- s-ba
for. angle
mín. f.

max. f.

f " sinus h
f.. sinus b

sphen. d
nasal b
ss-Pns
N- SP

ba-pns
tph-pns
scp- scp
phar" h
s-pm hor.
s-pm verË36"
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Table 2. (contd.) The varíables and their notations

FA,CIAL SIZE

37.
38.
39.
40.
4r.
42.
43.
44.
45.
46"
47"
48.
49.
50.

51.
52.
53.
5t+ 

"

55"
56.
57.
58.
59.

Morphological face height
Maxillary breadth
Bizygomatic breadth
Masseteric breadth
Maxillo-alveolar breadth
Palata1 breadth
Palatal length
Palatal heighr
Bigonial breadth
Mandibular body length
ToEal mandibular length
MÍnímum ramus breadth
Minimum ramus height
Infratemporal fossa depth

FACIAT SHAPE

Maxillary basal prognathism
Mandibular basal prognathism
Maxillary alveolar prognathism
Mandibular alveolar prognathism
Profile angle
Gonial angle
Nasal floor inclination
Mandibular base inclination
Naso-mandibular angle

n-gn
zflt-zm
zg- zg
mass. b
ecm-ecm
palate b
palate 1

palate h
go-go
gn-go
gn-cd
ramus b
ramus h
infra t.

s-n-ss
s-t-Pg
s -n- Pr
s-n- id
n- ss-pg
ar- tgo-gn
NL/NSL
Mr/NSr
Nt/ML

f.d.
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StatisLical methods

Estímates of the descripÈive parameËers - mean, standard deviaËion,

standard e.rror of the mean and the linear correlation coefficient

between two variables - hrere comprrted according to the usual

procedures:

x Mean ¿lL
N

E(x - i) 2

s : Standard deviation N-1

e (x) Standard errc¡r of
the mean

S

/N

f, x-x) v-v) 2-

the number of observations.

r Correlatíon coeffícientxy

where x and y are observed scores and N is

In additíon, the coefficíents of variation were computed but are

not listed ín the tables; the ranges of variatir,¡n are indicated by

ínclusion of the minima and maxíma observations for variables" To

assess the significance of dífferences in variances or means of two

groups, the F-raLio tesÈ of Snedecclr and the t-test of Student r¡/ere

used.

The value of assessing the forms of dtstributions r^ras stresse.d by

SOLOIü ('66, p53-55) who drew atEentíon to the use of the statistics

-[b. and b. as described by PEARSON ('31) and RAO ('52)" Although
L¿

kurtosis and skewness of biometríc data were studied by FAIüCETT (r02)

and MACDONETL (t04), relatively few attempts to analyse the
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distribution forms of anthropometric data have been made since.

skewness is índícated by{b, which is caleulated from the second

and thírd moments of the deviations from the mean according to:

r,Þt
N x 3 2x-x

3(X(x - x) )

where the sign otlÊ, is the same as that of the third moment.

Kurtosis ís indícated by b, which ís computed from the second and

fourth moments of the deviations frorn the mean aecording to:

2

and b for N = 100
2

4N. X(x - i)

Significance límits of1þ,

bz
2 2(Z(x - *)

The signifícance limíts rorS, and b2: which are shor^rn in Table 3

for a sample of 100, were Èakcn from PEARSON and IlÆtrLEy ('54).

)

.L

Table 3.

P = .01 P = .05 Mean p = .05 p = .01

.Ft
NegatÍve skewness

-.567 -.389

Positive skewness

.389 "5670

bz
Platykurtosis

2 .LB 2.35

Leptokurtosis

3 .77 4.393

?k

From PEARSON and HARTLEY ('54)
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The special statistícal procedures used for the factor analyses

are discussed separately in subsequent sections. All computations

v/ere carried out on computers in Australia and Denmark.tk

Reliability of roentgenographíc measuríng methods

Some variables included for study could be measured with equal

convenience on the skulls or roentgenograms and to compare these

direct and indirect methods a series of double determinations was

made on 50 specimens selected at random from the sample" Ten

dimensions \^rere obtained directly from the skulls and the same

dimensions \^rere then measured on the lateral or postero-anterior

roentgenograms and corrected for differential enlargemenË. In

most instances dimensions r¡/ere chosen to assess landmarks known to

be difficult to locate precisely on roentgenograms.

The reliabílity of the roentgenographic measuring technique,

which included location of landmarks, \,/as assessed by calculating

the mean of the differences between direct and indirect determinations

of a variable, M¿ift, the standard error of the mean dífference

IBM 1620
IBM 7O9O

CDC 3600
cDc 6400
GIER

University of Adelaide, Adelaide.
Northern Europe University Computing Center,
C.S"I.R.O., Canberra.
University of Adelaíde, Adelaíde.
Data Regnecentralen, Copenhagen.

Copenhagen.
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g(Mdiff), the standard deviation of a single determination, s, and

the coefficient of çorrelation, r, between the two determinations.

The statistics MU.r¡r 6(M¿1¡¡) and r were calculated by treating the

dif ferences between Ë\^7o determinations as normal ly distributed

variables and applying the usual methods but the procedure of

DAI{LBERG ('40) was followed to compute s according to:

¡diff 2

2N

where diff is the difference between direct and indírect determina-

tions. The findings for the series of ten sets of double

determinatio¡s are summarised ín Table 4.

Of tinp ten mean differences, all but three, which díffered

signif.:!áantly from zelo at Ëhe one per cent level, I¡7ere less than

one,inillimetre. A furËher four mean differenc.es hTere sÍgnifi-c.antly

,{LfÍ.erent from zero, t\4/o at the one per cent level and two at the

five per cent level. These findings indicate that for mos! of the

ten varíab1es analysed the determinations differed between the two

methods of measurement even though the dif ferences l^/ere numerical ly

sma1l in relation to the means of the variables concerned. Except

for the variable maxillary breadth, the variances of the single

determinations computed ", "t \¡/ere small compared with the relevant

sample variances.

The correlations between sku11 and roentgenographic measures r^rere

high for morphological face height, bigonial breadth, bízygomatic

S
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maxillo-alveolar breadth and maximum cranial breadth,breadth,

ranging from 0.92

breadth was almost

to 0.99. However, the correlation for maxillary

zero and for the remaíning four varj-ables ranged

from 0 "72 to 0"84

These findings can be Eaken as a reflection of the relative

accuracy of landmark locations on roentgenograms but no generalisa-

tions can be made because few variables were included and landmarks

difficult to locate precisely on roentgenograms were deliberately

chosen. Only for the bilateral points euryon were metallic

indicators used as an aid in ídentification of maximum cranial

convexity. The almost perfect correlation for cranial breadth

(¡ = 0.99) justified the use of metallic indicators and produced

fairly consistent determinations of this variable from roentgenograms.

It may be added that the region of maximum convexity of a skul1 can

only be guessed on a lateral roentgenogram if the points euryon are

not identified by markers.

High mean differences and 1ow correlatíon coeffícients for the

variables nasal depth, nasopharyngeal depth and maxí11ary breadth

are explaíned by the difficultíes in accurate location of points

pterygomaxillare and zygomaxillare on roentgenograms. Pterygo-

maxillare as defined did not correspond with the craniometric point

posterior nasal spine, even though many previous studíes have

indicated such a correspondence. Moreover, zygomaxilLare, which is

the lowermost point on the zygomaxillary suture, \4las impossible to
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Analysis of the differences in mm betweerì measurements
obtaíned directly on skul1s and indirectly on roent-

genograms for 50 specimens. The standard deviation
of a single determination, s, and Ëhe correlation
coefficient between the two determinations, r,

are shown

Variable M¿irr e(Mdiff ) S r

ss-pns

ba-pns

gn-go

gn-cd

n-gn

-r.54
2.16

0 .09

-0. 36

0.s9

measuremenÈs on lateral films

o.24

0.27

o.27

0.34

0. 15

I .65

2.02

1 .88

t.66
0.89

"80

.72

.78

.84

.99

measurements on postero-anterior films

go-go

zg-zg

zm-zm

ecm-eqm

eu-eu

-0.65

0. 39

-5.44

-0.51

-0.33
.L

0"41

0.18

I .05

0.13

0.r4

2.O7

o.92

6.45

0.74

0.77

.92

.95

.07

.97

.99

Mdi ff

diff
¿

differs from zero at the 1 per cent probability leve1.

differs from zero at the 5 per cent probabílity level.M

^11 ^^--^1 ^+-:^.^ ^^^çC:^i^-È ! +L^L E^-- ttcl--- 1,-Ãrr uu!rçr4Lrutr uvç!!aurErrLÞ cÃLcPL LtrdL IUI zLIl-ZLLL (lIIIcI Itullt

zero at the 0.1 per cent probability level.
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identify consistently on the roentgenograms, without the aíd of

metallic markers "

In view of the findings, craníometric determinations of variables

were used in preference to roentgenographíc when thís r¡las possible.

However, provided landmarks are clearly díscernible on roentgenograms

and when correct compensation for differential enlargement of the

image has been carried out, there is no strong indication that

roentgenographic measurements will not provide statistical parameters

free of gross errors and closely approximating those obtainable from

direct skul1 measurements. Moreover, it would seem that a correlation

analysis would result in very simílar findings whether it was based

on reliable roentgenographic measures or on direct craniometric

evaluations. Nevertheless, it should be borne in mind that land-

marks difficult to locate on roentgenograms will almost certainly

lead to inflated variance estimates even though mean values may not

reflect significant discrepancies.

It was not considered necessary to carry out double determination

evaluations to test the reproducability of measurements taken from

roentgenograms or skulls. Many previous ínvestigators have shown

that measurements can be reproduced within 1imíts that do not

markedly affect true values províded that the measuríng techniques

are carefully standardised. An analysis and discussion of the

sources of error ínvolved in cephalometric roentgenography and the

subsequent tracing and measuring of head films has been reported

previously (BRoltIN, I 65a).
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FACTOR ANALYSIS

Principles and Applicatíons in AnËhropometry

Factor analysis is one of a group of multivariate procedures that

permit variables to be analysed collectively rather than índividually.

The meEhod requires no prior assumptions of dependence or independence

between the variables but groups them accordíng to what they measure

in common. In this way it differs from the statistícal techniques

of correlation and regression analysis.

One essentíal feature of factor analysis lies in the postulation

of a set of unknown variables termed factors upon which the ol¡served

variables depend. It is the object of the analysis to locate and

define these factors and to study the dependence of the variables on

them. This is somewhaË analogous to a regressíon analysis in whích

each variable is treated as dependent and where the índependent

variables are unknown. lrlhen the factors have been found, an attempt

is usually made to identify them with the influences, biological or

otherwise, that determine the observed covariatíon among the

experímental variables" However, facEor interpretatíon is not

essential and the analysis may be used as a means of disclosing

sources of common variation among the variables, or alternatively as
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a sorting technique whereby the variables are placed in groups

determined by the shared variation.

Because of these features, facüor analysis is a useful tool in

fields where 1ittle is known of the relationships between variables.

In particular, the metric data obtaíned in studies of craniofacial

morphology and growth are well suited to this type of analysis.

It can be said, then, that factor analysis treats the experimental

variables as effects and probes beneath the surface to look for

evidence of common varÍation and its causes; according to CATTELL

(152, pl7) it 'thas its functions, therefore, ín basíc research to

provide measurement foundations for later special problems in pure

and applied researchrr.

Mathematícal procedures

A distinctíon should be made between factor analysís and

principal components analysis which it superficially resembles and

with which it is sometímes confused. Although the Ëwo methods

employ simílar computations and can be made to provide similar

results, the underlying assumptions are quite dífferent. Principal

components analysis is a relatively straightforward procedure for

rescaling variables into components which are equal in number to the

variables. The correlatíons among the variables are explainable by
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and can be reproduced exactly from the component coefficient,s. Thus

there ís no reducLion in the number of variables requíred to represent

the oríginal data even though ín practice only the major components

are given distinction.

On the oËher hand, factor analysís seeks to explaín the sources of

variation as conxììorì fact,ors less in number Lhan the variables.

Apart from the common factors influencíng more than one varíable

Ëhere is assumed to be a set of unique factors, equal in number to

the variables, with squared coefficients that are more correctly

termed residual variances. The residual variances are required to

explain the variance component not accounted for by the coÍtmon

factors. Thus, the factor model assumes that the total number of

factors, cornmon and unique, ís greater than the number of variables,

but the common factors are given most i-mportance.

Accordíng to the above assumptions, the basic factor model can be

represented ín regression form as:

z= a.l . .la^F^ f ...... + aF + bUJ-I ¿2 mm

where is a variable in standard form, F1r F .... ". F are thez
2

scores on the m common factors influenciîg zs 
^I,

the factor coefficients and b ís the coefficient

factor belongíng to z

It Ís convenient to consider z to be in standard

u2 am are

for U the unique

form ín.whích

standardised andcase it has unit varíance. If the factors are also
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defíned as beíng uncorrelated ít ís possible Èo shoq that:

varíance (")= 1=tl 2

^z
+

2
a

m

2

+ a^Fzmm bzu 
z

2 +

also íf:

2 + t 2
a

m
h

2
tr-

then:

2 2variance (z)= 1=h +b

2
The term h is called the communalíty of the variabl-e and ís part

of the variance of z accounted for by all of the common factors

?
whíle b' is the contribuÈion of the uniqueness or resídual variance.

+ a-FImm

b++

+ 2

^2

Extending the notation to cater for n variables and m factors:

btut

bUnn

'1 = tllFl +
^LzE z +

^zzr z +

+

+'2= l2rFr I

z= artlFt
^^zE z + +aF+nmm+

The above set of linear equations can be resolved ín terms of the

observed correlatíons and expressed ín a, form 'suítable for soluÈíon

as shov¡ri in the matrix eguatíon:

R AÀ + B

where Rf" at" n x n matrix of correlations (or covariances) among

the observed variables;

n



A
A
B
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ís Èhe n x m matríx of common factor coeffícients;

ís the transpose of A;

is the diagonal matrix containing n residual variances.

The mathematical procedures involved in the solutíon of the

matríx equatíon are complex and their descríptíon is beyond the scope

of the presenE text. However, details of various computíng methods,

geometríc representations and underlying theory are given in standard

texts on the subject (CATTELL, '52i TIIURSTONE, '47; HOLZINGER and

IIARMAN, '4L; HARMAN, t 6Oa, 6Ob ; AYRES , '62; .fön-f SfoC, ' 63; SEAL,

'64; LAI,TILEY and MÆ(l^lELL, '63). Appendix C outlínes computíng

algorithms for the factoring methods applied in this investígation.

In recenÈ years a great deal of attention has been given to the

mathematical and statistical requirements of factor analysis wíth the

result that several factoríng procedures, each different ín approach

have been proposed. The bíologist, however, is concerned wíth the

derivation of solutions that are capable of meaningful ínterpretation

as well as being mathematically precise. One of the problems

associated r¿ith the bíometric use of factor analysis Iíes in the

selection of appropriate factor models and computing techníques that

will satÍsfy both the mathematical and biological requírements. It

is perhaps unfortunate that developments in computing methods have not

been matched by a clearer understanding of the propertíes of factor

analysis applied in biological situations.
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To compare the suitability of different factoring procedures, six

methods were used to analyse correlation matrices derived from bio-

metric data (BROIJN, t67a). The síx methods used \¡/ere: principal

components preserving only the major components, princípal factor

analysis, image-covariance analysis, Jöreskog factor analysis,

iterative principal factor analysís and maximum likelíhood factor

analysis. The precision of the methods was assessed by the

accuracy with which the oríginal correlations could be reproduced

from the factor coeffícients. It was shown that the maximum

likelihood method of Lawley (LAI,¡LEY and MMI'IELL, r63, p10-27) was

the most precíse mathematically but the technique proposed by

.lõn¡SfOC ('63) and an iterative procedure based on the well known

principal factor method (SEAL, t64, plBT) led to solutíons that

could be accepted as adequate. Although only these three solutions

showed a hígh degree of mathematical precision, all Èechníques

resulted in símilar patterns of factor coefficients and so far as

factor recognition is concerned, the choice of factoríng method

appeared to be relatively unimportant. Nevertheless, the more

efficient procedures should be used providíng computing facilities

are available, particularly if a clearer interpretation of factors

is desired,

In the present study, three different factoring methods were

used ín the manner and combination described in Chapter 5. The

methods are bríefly outlined below.
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Principal factor analysis (HARMAI{, '60a, p154-191)

Principal factor analysis, which has largely replaced the once

popular but less precise centroid method, ís probably the most widely

applied of all current facËoring methods. Before conmencing the

analysis, the rrní-t diagonal elements of the correlation matrix are

replaced with estimates of the communalities of the variables. It

is usual to accept for these estímates the squared multiple correlatíons

of each variable with the remaínder in the set, these values being

determined from the inverse of the correlation matrix.

The factoring procedure obtains the eígenvalues and eígenvectors

of the modífied correlation matrix and by a símp1e normalisation the

factor coeffícients are obtained. The communalities of the variables

can be re-estimated from the factor coeffícients and, if a more

precise solutíon is warranted, the procedure is repeaEed a number of

times with successively closer approximations to the communalities

until these converge to stable values.

Detailed descriptions, mathematícal derivatíons and computing
procedures are given ín the texLs referred to above. In addition,
the computer progranìmes coded by the author in FORTRAN IV together
wíth computing algoríthms and ínstructions for usage have been
placed in the libraries of the Computing Section, C.S.I.R.O.,
Canberra and the Department of Computing Science, UniversiÈy of
Adelaide (BROIdN, 165b, 67b) " The principal factor analysís
programme used by SOLOI4I (t66) \^/as made avaílable for the stages
of the ínvestigation carried out in Denmark.
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Jöreskog factor analysis (.1ön¡SfoC , '63)

In the Jöreskog analysis specifications are added to the basic

factor model to make it more determinate; the residual variances

are assumed to be proportional to the diagonal elements of the

population correlation matrix. The computing procedure entails a

rescaling of the correlation matrix príor to eigenvalue extractíon.

Unlike principal factor analysis, a1rlr eigenvalues of the rescaled

Jöreskog matrix are posíÈíve and any number of factors judged to be

significant can be retained. The method has a great advantage over

príncipal factor analysis in that it ís non-iËerative and therefore

can be rapídly carried out on a comPuter and, in addition, the

controversíal question of selectíng Ínítíal communality estimates

is avoided. Moreover, the fínal factor coefficients are very

close in value to thoseobtainable by a maximum likelíhood estimaËion.

Maxímum likelihood factor analysís (IAI,¡LEY and MÆ(hIELL, r63, p10)

Lawleyrs method has not been widely applied because of the

complexíty and magnitude of Èhe calculations involved. However,

with the increasing avaílability of digital computers it can be

expected to enjoy more frequenL use.

Maximum likelihood estimaËion uses the sample correlation matrix

to deríve a set of consistent and effícíent estímates of the

unknown population factor coefficíents and resídual variances.
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It does this by first accepting a set of trial values for the unknovrn

coeffícíents and proceeding through a number of iteratíons until con-

vergence of successive solutions within a desírable level of tolerance

is obtaíned.

In practice it is desirable to select an ínitial set of factor

coeff,icients whicl-r are close in value to Lhe orìes expected and,

although theoretícally almost any set of trial values will suffice,

experience has shown that those derived by the Jöreskog method are

close approximations and lead to a more rapid and complete convergence

of the likelihood coefficients.

Ltlhí1e iË is possible to interpret the initial solutions derived by

any of the above methods, the interpretation is simplified and appears

to have more biological meaning when a transformatíon of the factor

maErix is carried out in which the factor coefficients are re-

distributed over a set of new rotated factors. The geometric

principles and underlying assumptj-ons involved in factor rotatíon are

díscussed by HARMÆ,Í ('60a, p233- 288).

Transformations of a factor matríx may take the form of an orthogonal

rotation where the factors remain uncorrelated or an oblique rotation

where factors are correlated. The choice between orthogonal and

oblique final solutions is made by the analyst, but insufficient

evidence is available to allow any general conclusÍons about the

relative merits of these transformations under varying biological

conditions. CATTELL (t65a) has discussed the problems of factor



- 51-

rotation and SOLOI^I (t66) referred to them in relation to the vector

configuratíon of overlapping or independent variables. In the

present study orthogonal transformations of the initial solutions

r^7ere carríed out in every instance by the varimax method of KAISER

('s8) .

The "correctrr number of factors operating in a bío1ogical

situation is not easily det.ermíned and the choice of how many

factors to retain will be influenced by Ëhe object of the analysis

and the mathematical model chosen. Usually it has been the practice

to adopt a minímum rank model in which the correlations between

varíables can be satísfactorily reproduced from a minimum number of

factor coefficients. The number of common factors is then made

equal to the minímum rank of the factored matrix. A solution based

on Ëhis model is best achieved by repeated iterative procedures whereín

the number of factors is gradually increased until a mathematically

acceptable solution is obtaíned. In this regarð, sÈatístical tests

are available to assess the rrsígnificance" of successive factors but

it is desirable to carry out prelímínary analyses that allow an

estimate of the probable number of facLors to be made.

It is, however, by no means certain Ëhat the minímum rank model is

the most suitable for anthropometric data even though it is used

frequently in other fíelds. As CATTELL ('65a) has pointed out, ít

may be erroneous to mínimise the number of factors in a complex

biological situatíon and as SOLOT{ ('66) has shown, the analyst may
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find it more useful to extract as many factors as the mathematical

situatíon al-lows, foL1-owed by a process of transformation, sorting

and subsequent discard of the factors judged to have 1íttle biological

importance.

Biometric applícatíons of factor analysís

Since the foundations of factor analysis were laid early in the

century by PEARSON ('01) and SPEARMAN ('04), the method has enjoyed

wide acceptance in psychology as a method for determining patterns of

human behavior. Although factor analysis has been employed in other

fields, its application in the treatment of anthropometric data is

still limited except for research into human constitution.

Reference to factorial studies of human body-buíld has been made

by TÆ,ÍNER ('47), IIOI^IELLS ('51 ; t 52) , HIINT ('52) and HAtvtMOND (t 57 a;

57b). 0ther biologically orientated factor studies have been

carried out by ROBINOIAI (t 42) who investigated the time of appearance

of human ossification centres in the extremeties, by ROBINOITI,

RICHARDS and AItrDERSON ('42) who grouped deciduous teeth according ro

their times of eruption and related tooth eruption to general skeletal

maturation, and by KRAUS and CHOI (t58) who used factor analysis to

determine whether growth of the foetal skeleton was influenced by

single or multiple regulatory fields. Recently principal components
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and other multivaríate analyses were applied to dental problems by

HARRIS ('65) to distinguish craniofacial patterns associated with

Class II malocclusions of the teeth.

Apart from the studies referred to above, factor analysis has

been used ín anthropometry t.o investigate associations between

components of the human craniofacial skeleton. A review of

research along these lines is included to illustrate the method and

the information available from íÈs use. Interpretation of solutions

is probably the most controversial aspect of factor analysís and, as

more experience in its use is gained, it can be expected that current

practices in factor interpretation will change. In the followíng

outline the interpretations made by the various authors are presented

with 1ittle comment.

HOi4IELLS ('51) analysed a set of 20 variables, including general

body and head dimensions, that v/ere measured on 76 broËher pairs from

I,rlisconsin University. The seven centroid facLors obtaíned by

analysis of the correlations among the varíables were transformed

into oblique posítions before interpretation. The factors were

taken to represent the following: general body síze, long bone length,

craníal size, brain size, lateral cra¡iofacíal development, facial

length and ear síze. The author discussed the complexity of the

experimental varíables in terms of the facEor solution, pointing out

that heäd length \^ras associaÈed with general head size and not wíth

brain síze, whereas head breadth was strongly associated with braín
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sLze" IIe also computed three second order factors from the inter-

correlations among the oblique primary,. factors

In a later study HOI4IELLS (t53) continued the factorial study of

the l,rlisconsin students and used regression formulae to calculate

factor scores for each of the l-52 students. Correlations of brothers

in che 20 variables \^rere corìrpared with the correlaEions of brothers

in Ëhe factor scores on seven factors. After finding that the

correlations of brothers were increased when measured on factor

scores, he proposed that these scores might form a more useful basís

in genetic studies than dírect anthropometric measurements.

HOI,{ELLS ('57) applied f actor analysis to a study of cranial vault

morphology" He obtained 54 measurements, selected to represent the

size and shape of the craníal vault, from contour tracings of 100

crania. As an initial step the matrix of partial correlation

coefficients with the effects of cranial length, breadth and height

removed was computed. Thus, length, breadth and height of the

cranium v/ere regarded as factors of generaL size and Ëhe subsequent

analysis revealed seven secondary factors independent of the fírst

three.

The secondary factors r¡/ere taken to indicate variations ín the

following regions: supraorbital ridges, forehead breadth, frontal

height, parietal fu11ness, obelionic heíght, fullness of the lower

occiput and breadth at the base of the auricular meatus. Howells
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inËerpreted his findings in the 1íght of other experimental growth

studíes" IIe suggested that cranial morphology was determined by

two dístínct ínfluences, skull growth which r^7as mainly in the

antero-posterior dírection and brain growth in the transverse

dírection. These two ínfluences determined the general cranial

form and the degree of brachycephaly or dolichocephaly. The

secondary factors r^rere associated with variatíons in local regíons

and r,rrere belíeved to represent regíonal growth patterns resulting

from influences such as muscle attachments or remodell-ing adjust-

ments.

SCIII{IDETZIü ('59) used factor analysis to investigate morphological

associations in a large group of skulls from the Canary Islands.

The experimental variables, 39 in number, included 24 dítect

measurements and 15 derived indíces" Ten common factors were

retained from the analysis. A factor of facial robustness contri-

buted 22"2 per cent to the total variance with significant loadings

on measures of frontal bone slope, supraorbiEal ridge developmnt,

mandibular robustness and eversion of Ëhe gonial angle. The second

factor, termed one of cranial breadth, contributed 14.1 per cent to

the common variance. The remaining factors accounted for

progressively less of the common variance and were concerned l^rith

local regions of Ëhe skull; they índicated varíations in facíal

breadth, zygomatic breadth, nasal breadth, nasal promínence, nasal

shape, mandibular robustness, frontal bone shape and mandibular

prognathísm. After applying an oblique rotaËion, Schwidetzky was
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rrnabl,e to demonstrate any high correlations between the factors and

chÍs was taken as evidence of morphological independence between

regions of the skull 
"

LANDAUER ('62) undertook a centroíd analysis of data collected from

70 Egyptian skul.Is. The analysis, based on 23 variables, showed

factors of general size." skeletal mass and robustness, zygomatic

breadth, frontal fullness and lower facial breadth. A significant

three of the factors se.emed to operate in the-fínding was that

zygomatic

ro tation

area but in different ways. l,andauer applied otrlique

to the factor matrix but was unable to demonstrate any

correlations of great interest between the factors.

Factor analysis \^ras applied by BR"Otr{N, BARRBTT and DARROCH (r65a)

in a study of associations between eight varia-b1es representing head

and general body dímensions, obtained from a group of 58 Central

Atrstralian Aboriginal-s" Principal factor analysis followed by

varímax rotation revealed three common factors that were interpreted

as fol.lows: a head length factor wittr loadings also for head círcum-

ference, bízygomatic diameter, wei,ght and femoral cond-yle diameter;

a factor of general skeletal length deLermi.ned by stature, radíus

leneth= Femoral condvle díameLer and ¡¿eight: a- ïa-c.tot of head breadtha)J

with loadings also on head circumfe.rence, hizygomaticì diameter and

weight "

In a second factor studv (BROWN, BARRETT and DARROCH, I 65b) thro

e-thnic groups, Swedes and Australi an Aboriginal s., were c.omparecl by
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the analysis of 11 cephalometric variables measured on roentgenograms.

Matrices of correlatíon coefficíents among the varíables r¿ere

obtained from previous investigatíons of the two groups (LIIIDEGåRI,

t53; BROI^IN, r65a) and the analyses r^rere carried out by the principal

factor method followed by varimax rotation.

Five common facËors hrere retaíned in each group to account for the

major sources of covaríation and a comparison of the two varimax

solutíons, by the use of coefficients of congruence, showed a general

similarity in the patterns of four of the fíve factors. This was

taken to add some valídity to the biological ínterpretation of the

factors. The common factors were inÈerpreted as follows: a

mandibular length factor, an anteríor nasal factor, a posteríor nasal

factor, a ramus height factor and a cranial base factor. The study,

however, was limited by the number of variables common to each ethnic

group and could not provide any deÈai1ed information. It was,

nevertheless, the first attempt made to compare craníofacial

morphology in two ethnic groups by the factor analysis of data

obtained from eephalometric roentgenograms.

Current status and future trends

The factor investígations referred to above represent early applica-

tions of a controversial method to analyse sources of covaríation
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among components of the human skull. There is a general simílarity

in many of the facËors discl-osed by different studies and although

this adds some validity to Ehe method, ít is premature tq propose any

general prínciples governing morphological coordination in the skul1.

Many aspects of factor analysis requíre further study. In particu-

Lar, the precise manner in whích the selectíon of variables can

influence a factor solutíon, the relative merits of orthogonal and

oblique transformations, the degree of mathematical precision required,

and methods for the objective recognition and interpretation of valid

factors are Ëopics in need of clarification. TANNER ('64) and CATTELL

(r65a; 65b) have referred to some of these problems and recently SOLOtrl

(t66) studied several biological aspects of correlation and factor

analysís. He developed systematic techniques that depart from

usually accepted procedures and províde the biometrician with a more

penetrating method Ehan was available prevíously.

The main departure of Solowrs hrork was in the meËhod developed for

handling overlapping variables, that is those which represent the

same general source of variability and become located wíthin a narror^I

vector bundle in the factor space. This author pointed out the effect

on a factor solution of addíng or omitting overlapping variables and,

furthermore, he indicated the effectíveness of oblique and orthogonal

transformaËions in representing the relationships between sources of

variation. In order to avoid inconsistencies Solow used a method

based on the omission of overlapping variables. Inítíally 88

variables were chosen to represenË sources of variation in general
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skeletal dímensíons, cephalometric dimensions and dimensions of the

Ëeeth and dental arches. A preliminary factor analysis of all

varíables r^ras supported by a series of analyses of the correlation

matrix partitioned into small-er groups of related variables.

Overlapping variables, recognísed in each analysis by similarity in

their patterns of factor coefficients, were subsequently díscarded

when this r,rras deemed advisable. Final ly 38 variables were retaíned :..

to represent the sources of variation considered worthwhile Ín

biological ínterest. Many overlappíng variables and, in some

instances, groups of overlappíng variables were discarded while at

other tímes overlapping variables were deliberately retained to

establish a known source of variation.

Principal factor analysis of the 38 retained variables was followed

by varimax rotation. Nineteen common factors were ínterpreted as

follows: the postcranial skeleton \¡ras represented by a factor for

length and one for breadth; eight factors r^rere determined by

variat.ions in cranial and f.acial dímensions and of these three were

concerned with the cranial base regíon; nine factors \,vere located

by variables describing dimensions of the teeth and dental arches.

The final interpretation of the patterns of craniofacial associations

was based on the correlations among the variables and the findings of

the factor analyses.

Clear comparisons between the available factor studies of cranío-

facial morphology are complícated by the use of dissímilar variables,

dífferent mathematical approaches and dífferent objectíves.
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Although many disclosed factors appear to represent bíological

coordinating mechanisms, it is not possible to positively identify

them with genetical, hormonal or envíronmental influences. Apart

from the work of HOI,IELLS (t53), little interest has been shown in

quantifying factors by the estimation of factor scores. It seems

reasonable to suggest that further development along these lines is

required to clarify the scope and limitations of factor analysis in

anthropometric research.

There is little doubt that future applications of factor analysis

will depart in many \¡rays from those in current use. lfhen more is

known of the method itself and índícatíons for its use, it may be

possible to províde connecting links between various approaches to

the study of craniofacial growth and morphology.

In order Eo summarise the progress made to date, a brief survey of

the factor studies referred to is given in Table 5.
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Sunntary of previous studics ()l craniofacial ntorplroloqy slto,ring
factor desigtìrLions ¿n.l intcrprctations

Sanpl e
Vari ab I cs

152 rl¿lc' Wisconsin sLrdcnts
7 ccnerrl body, l3 Iread

v-2
v-5
v-9

v-34
v- 19
v- 50
v-9
v-11

v-14
\¡- I7
v- 20

Table 5

General size
Long bone Iactor
General cranial sizc

Dolichoccphaly
I\lid-parre tal bread th
Brain size (unspeci tic)
Upper pariet'I Iullness
Breadth at b3se of skr¡11

10 Head breadtlì (braiu size)

('57) Sanrple : IOO I'f ale cran ia
Variables : 54 Cr:¡ ial confours

Latcral cranio[åciaI develop¡rent
Facial lcnqtlr (upper Iacial Ireiglrt)
EJr sizc

Bre¿dLlr acrùss fr()r-taI
Forelìcacì breacltlt
OccipitaL It¡11ness
Fron t a1 [,r 1 lnc s s

Obel ionic frrl lncss

anql es

NasaÌ Iac tor I
NasaI Iactor 2

Il.t¡rrlibu I ar robu s trìL.ss
Fr.rrrt¿¡L bonc slopc
Prognatlrisnr

FrtrnL¿l lrrllltcss
Lorver Iacial brcadtlr (naso-maxillary)

HOl,,ELLS

v- l3
v- 15
\t-))
v- 2t
v-31

SCHI^¡TDETSKY ( ' 59) Sanple : 1290 IlaI.'C.rnar¡,lsland skulls
Variables: 24 direct ureasurcr¡ents. l5 in<lÍces

Facial robustness
Cranial breadtlr
Facial breatl¡lr (rrpper)
Faci¿1 Brtadtlr (zrqonatic)
Nasal breacltll

LA.\DAUER ('62) SarrpIc. : 70 ll¿le au<l [errr¿le crania
Variublcs : 2J Crâniolrcrric

V-19 Brairì [acror (gcrrt,ral \()llrrre) V_17
V-2L Crar,ial rrrg3tdncss (gcncral size) V_9
V-3 Faci¿l brt'adrlr

l.'

C

il
I
K

A

c
D

E

BROWN, BARRETT and DARROCI| (,6ra) S:rnrp ì t'
Vari irbl e s

: r8 Ili¡ I e and Ienr¿rl e ALr s rral ian Abo rig inal s
: 4 Cc¡rera1 brrrl¡. 1 lreud

III ll('.ì(ì brc¿dLlr

Ìl Uppe'r iucisor inclination
I 2 Lower incisor inclinalion
l3 Tooth size
14 Dental arclr width
l5 ¡ltxi llar), ¡rclr inclirìati()n (buccai)
16 )l¡rnrlibrrl¡rr arcll inclinatiorr (btrccal)
l7 Dcrìtal r)cclusion
I U Spac irrq () [ tee. tlr
l9 Il('sial noI.rr occlusi(D - tootll crrrwrlirlr

I
II

Head lengtlr
General skelc'tal lr'rrgtlt

BROhrN, BARRETT and DÄRROCil (,6:b) Sttrrp I e
V¡ri¿b1cs

I-S iilandibLrlo,: lcngtlr
II-S AnLerior nìsrl Iaclor
III-S Postcrior nasal factor

BROWN, BARRETT and DARROCH ('6lb)

I-A Mandibular size
Il-A Pos¡¡¡¡er rìûsal l-actor
III-Â Cranial base angtrlaLirrn

SOLOW ('66) Sanrple' :

Variablcs:

Extrerní¡y len|ltlì
Ex t remi ty wi (l tlì
An terior c ran ial base
Facial wicltlr
Clivus lengt!r
l.landibular lcrìÉtlr
Cranial basc f lexion
Maxil l,tr¡' pro4rìat lì i snr
Ántcrior rrrirxi 1llrv lrci4ltt
ll¡rDdibul¡rr i¡rcl inirt i,)u

21 J Srveclislr rrr¡1.'s
I I l.oc'nt.Scno.lrrpltic di[ìensi(ìns-]r

I\'-S Ra|rr¡s lìsi4lìL
V-S ñrterior crani¿rI b¿¡se

Srtrrrplc : 5tJ ltale ¿¡nd Ielra]e Australian Âboriqi¡rals
Variables : ll Rrrentgenograplric dirncrrsious

IV-A Àuterir)r lt,¡sirl l¿clor
V-A ,\ntcr.lor cr¿nia1 basc

102 Yotrng Jdult Danislì nì¿ìles
88 Dirrensions obtal¡rcrl (lirecLlv. fron¡ rlt,llÈal casts or Iroùì

ra<lioqraplrs

It Matrix of corrcl¡ti()n coL'fIiciorìts.rbt¿iIctl iroil LIIiDECARD ('5j)

I
2

3

4
5

6

7

I
9

IO
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STATISTICAI DESCRIPTION OF VARIABLES

The present investigation was designed for multivariate analysis

and detailed descriptions of the metric characters would be superfluous,

particularly as they have been dealt with at great length in previous

studies of the Australian skul1. Therefore the computed parameters

for the variables are presented as statistícal summar:ies and

íllustrated bv diagrams constructed from the mean values for the

dimensions analysed.

Although onLy L2 skulls from the northern coastal region of

Australia were included in the sample, a comparison between these

and the remaínder has been made to throw right on the question of

regional varíations in Australían crania and to detect any indication

that Lhe two groups should not be pooled for the multivar:iate pro-

cedures. The data also permít a comparison to be made between the

present fíndings, those derived from previous craniometric studies

of the Australian and those obtained from a roentgenographic

invacflo^li ^- ^Ê r7^iiñû ol"1 + *ôl^ 
^L^*-i--:^^1 ^ 1-t--i-^ ^+ \r..^-)-----ri¡vsùLió4Liurr ur yvuiió cuui L iildiË liuuÍ'i6l.iiaiS il- Ving At IUgn.3ijmu lfi

Central Australia.

In the past little attention has been given to the comparative

morphology of the bony nasopharynx and it was considered worthwhile
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to compare the present results r,rÍth those obtained by BERGLAND ('63)

for Norwegian and Lapp skulls, particularly as evidence points to a

close relation between thís region and adjacent bony sLructures

during growth.

Resul ts

Statistical estimates of parameters describíng the 77 variables

íncluded in thís phase of the investigation are shornrn for the complete

skulL sample in Table 6. The parameters for linear variables are

presented in millimetres, those for angular variables in degrees.,

and those for indices as percentages. Figure 9, which illustrates

the craniofacial characters of the Australian Aboriginal skul1, \,üas

constructed from the average values of the dímensions studied.

Díscussíon

A. Regional variations in Australian skulls

For this aspect of the investigation, the sample of skulls was

divíded into two sub-groups; Group A consisted of 12 skulls from

Melville Island and the north coast, whíle the specimens from all

other parts of the continent formed Group B. StaËistical para-
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meters for the 77 vatíables r¿ere calculated for each group separately

and the mean values compared. Table 7 summaríses the findíngs and

Presents the parameters for varíables wíth mean values dífferent ín

the two groups at a probabílity level of fíve per cent or less.

VarÍabl-es with mean values that did not differ significantly between

groups have been omíËted.

Of the 77 variables compared, 10 had mean values differing between

grouPs at the one per cent level of probabilíty and 16 had mean values

dífferíng at the fíve per cent level. By far the greatest number of

sígnificant differences was found in the group of variables represent-

ing size and shape of the cranial vault and cranial base. The basal

chord length and most of the basal indices v/ere greater in Group A

skulls than in Group B índícaËing that the basal endocranium r^ras more

convex in the median sagittal plane ín the northern sku1ls,

There are no dífferences of interest between groups in the

measures of the frontal and paríetaI endocranium contours, but the

angle B-C-D, whÍch índirectly índicaÈes general curvature of the

cranial vault, was smaller ín the northern group pointíng to a

tendency towards greater cranial vault curvature. This tendency was

also demonstrated by greater mean values ín Group A skulls for endo-

cranial height (128.5 mm compared wíth 125.7 mm) and auriculo-vertex

heíght (111.5 mm compared with 109.8 mm). The differences ín these

means, however, hrere non-significanÈ. Endocranial and cranial

lengths and breadths were smaller in the northern skulls.
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FICURp 9. Craniofacial pattern constructed from mean values

for 100 Australian AboriSinal skulls'
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Table 6, (Conrtnued)

Varl abl e |1e an € (M) Min
Range Skemess

y'br
Kurtosis

bzMex

25 f. slnus h

26 f, sinus b

27 sphen. d

28 na¡al b

29 sa-pns

30 n- sp

31 ba-pns

32 tph-pns

33 scp- scp

34 phar. h

35 e-pm hor.

36 Ê-pm vert
37 n-gn

38 zm-zm

39 zg-zg

40 mass. b

4L ecm-ecm

42 palate b

43 palate I
44 palate h

45 go-go

46 gn-go

47 gn-cd

48 rmus b

49 rarue h

50 infra t. f, d,

51 s-n-as

52 s-n-pg

53 s-n-pr
54 s-n-1d

55 n- 88-pg

56 ar-lgo-gn

57 NL/NSL

58 HLINSL

59 NL/r.tL

26.0

37 .7

l5 .0

26.8

55.3

49.2

42.4

35.2

,87

r.24

,18

.18

.29

,28

.28

.26

8.1

L2,4

i.8
1.8

2,9

2,8

2,8

2.6

10. 0

18. 9

10. 5

22,5

48 ,0

41.5

37 .0

29 -5

5t.0
72.6

r9.5

31 .5

63.0

56 .0

51 .5

44.5

2.49

2.98

3. 14

3. 06

3. l4
2.97

3.21

3.16

77

05

t2

OI

2l
49

54

27 .O

r6. 6

15.6

40 ,6

tLz.4
94. I

r35.0

33.6

23.O

13.0

5.5

35.5

94.0

82. 5

L26.5

19.5

31 .5

20.5

22.O

41 .5

132.0

103.5

r47 .O

51.0

.02

.08

-,44

.08

.19

-.18

.11

.18

2.5r

2.7 t
4.36

2.93

3,44

2.87

2.89

3.25

66.7

40.6

52.3

t2.6
r01.5

78.5

114.ó

35.0

3.1

2.6

3.0

2.3

6.6

4,6
4.5

3.2

60.5

35 .0

46.O

7.O

85.5

64.5

101.0

26.5

76.O

47.5

60.5

18 .0

1Ió.5

93. 5

125.5

44,O

.36

.30

.l8

.22

-.L7

.11

-. 38

,07

2.84

2.56

2. 88

2.90

2.74

3.15

3. 20

3. 04

5r.5
27 .0

8ó.8

83,2

92.O

87 .4

L70.7

114.5

.37

,24

.43

.38

,36

,37

.56

.6t

3.7

2.4

4.3

3.8

3.6

3.7

5.6

ó.1

43. 0

22.O

78, 0

72.5

83. 0

77.5

156. 0

100.0

62,5

34. 0

96 .0

95 .0

99.5

91 .5

184,5

133.0

.55

.28

,07

.t7
,02

,08

-.03

.16

3 .21

2.87

2.25

3 .62

2.80

3. 39

2.64

3. 05

20

t7

26

24

65

45

4l
62

2.0

1.7

2.6

2.4

6.5

4,5

4,L

6.2

31

26

30

23

66

46

45

32

7,8

26,6

18. 5

.31

,62

.56

3.1

6.2

5.6

39

- .011.0

t2.5

5.5

15 .0

47 .0

33. 0 t4

2.7 4

3. 61

2,62

Skemess or kurtosis slgnlftcilt al

Skehess or kurtosls slgnificsnt at

p < .01

P < .05
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Table 7. Regional varíations in craniofacíal dimensions of
Australían sku11s. Group A = L2 skulls from northern

coastal regíon, Group B = 88 skulls from rest of
continent

Variable Mean e (*)

1 Basal chord

Ps

2 Basal index 3

Basal index 4

Basal index 5

Basal index 6

Basal index 7

5 Frontal index 2

6 B-C-D

9 endo. I

10 endo. b

12 g-op

13 eu-eu

15 n-eth

16 eËh' s

61 .5
58.9

1 .00
0. 39

29
26

0.75
0. 35

31
28

0.79
0. 31

0.88
0. 30

0. 61
0.23

0. 38
0.13

24

34
32

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

116.0
I22.2

1 .09
0.40

r.04
o.27

1 .60
0. 63

t.75
o "54

.1

.6

.8
"0
.0
.3

.9

.7

3.5
3.7

3.8
3.8

2.6
3.3

3.0
2.8

2.L
2.I
1.3
1.2

3.6
2.6

7"0
5.5

5.6
5.9

6.L
5.1

4.8
4.9

31
29

26

18.1
t6.6

99.3
101.7

3"2
7.8

126.
L32.

35.1
37 .9

2.7
2.9

.L

:k

.Lú

L6.4
L5.6

L6
T6

2.03
0.59

L82
188

9
0

0
2

1.38
0.52

0.57
0.29

0 .58
0.25

2.O
2.3

2.0
2.7

2

3

* Difference ín mean value significant at
:k:k þiffs¡ence in mean value signifícant at

p(
p(

.05

.01
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Table 7. ContÍnued

Variable Mean €(1) S P

18 s-ba

20 n-s-ba

26 f. sinus b

28 nasal b

29 ss-pns

36 s-pm vert.

37 n-gn

43 palate 1

44 paLate h

49 ramus h

57 Nr/ NSr

s8 uL/NSL

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

0.88
o.2740

L 31_

136

36

.6

.0

.0

.7

42

4s

6.9
6.3

2.7
2.2

4.3
3.5

s0.3
52.6

53.6
5L.2

5.5
8.1

3.0
2.5

.5
,9

lk

¡k¡k

27.8
26.6

6.4
5.0

L.4
1.8

2.4
2"8

5 3.5
s5.5

1"5
2.4

2.2
3.0

1 .84
0.53

4.8
L.2

0.40
0. 19

0. 70
0. 30

o.44
0.26

2.00
o.67

o.64
0.42

o ,77
o.23

L.23
0.38

t.t4
0. 30

1.78
0. 65

L6.6
IL.4

*

?k

ú

.L

J

**

4L.9
40.4

108.5
1l_3.0

L4.2
12.4

23.3
27 .L

4.0
2.8

6"2
6.L

?k Difference in mean value significant at p
:ktr .Díf ference in mean value signif icant at p

< .05
< .01_
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Although the anterior cranial base length (n-s) did not differ

between groups, its component lengths n-eth and eth-s did., probably

as a result of positional variation in ethmoidale brought about by

the greater convexity of the, anterior cranial fossa in the northern

skulls. No explanation can be offered for the signíficant

differences in mean values of the median cranial base angle and the

fronËal sínus breadth.

There were relatívely few significant dífferences between Groups

A and B in the size and shape dimensions of the facial skeleton, and

only one of these differences r^ras significant at the one per cent

1evel of probability" Nasal breadth r¡as slightly greater and nasal

depth shorter ín Group A skulls, and the palate l¡/as shorter and its

vault higher than in Group B. The findíng that morphological face

height was shorter in Group A was assocíated with group differences

in nasal floor and mandibular base ínclinations. The only group

difference found in the lower face was for the variable ramus height

which was slightly greater in the northern skul1s.

The comparísons taken as a whole indícate a general similarity

in the dimensíons of the facial skeleton but some differences in the

cranial vault regíons of the two skull groups. These differences

\4/ere not marked, being most apparent in the variables craníal length

and breadth whích were smaller in the northern skulls, and ín Ëhe

sagiEtal shape of the basal endocranial segment whích I^ras more convex

in the northern specimens. Although obtained from a small sample,
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the results reveal regional variatíons in Australian crania similar

to those descríbed by earlier investigators (Chapter 1). However,

the differences in most mean values \^rere numerícally small and there

appeared to be no strong objection to pooling the entire data for the

correlatÍon and multivariate phases of the study, partícularly ín víew

of the similarity in facial dimensions of the t!üo groups.

B. Comparison with previous craniometric studies

The comparison between mean values for craniofacial variables

deríved from the present and previous studies of Australian material

(Table 8) shows close agreement between the two sets of values. Of

the 15 comparisons available only four varj-ables had mean values that

differed by more than one mm, and only one, auriculo-vertex height,

differed by more than tv¡o mm.

Unfortunately, standard deviations r^rere not available for many

variables included in the earlier studies and statístícal analysís of

the mean dífferences could not be carried out. However, ít can be

assumed that the small differences found could reasonably stem from

dissimilar measuring techniques or disparitíes in sample sízes rather

studied.than morphological

The values reported

relíable estímates

Australian skull.

differences between the skul1 groups

in the present

for statistical

text can therefore be taken as

parameters of the pre-European



Table 8.

Variable

Exocranium

g-op

eu-eu

po-v

Cranial base

n-ba

NasaI cavity
nasal b
n- sP

Upper face

zm-zm

zg-zg

ecm-ecm

palate b

palate 1-

palate h

Lower face

ramus b

ramus h

Total face

n-gn

LOL"L 4"3 L37

S

t87 "4
131"5

110.0

5"4

5"3

5"2

101"4 3"8

26 "8
49 "2

1"8

2"8

-7L-

Comparison of craniofacial dimensions in present

and previous studies of Australian skul1s

Fresent

Mean

6.7187.8

r32.2

115.0

26 "9
49.s

93 "9
133"6

65"8

41"1

51 .5

11 .0

35.4

52 "5

LL3 "7

5 "0

6

3

82

L62

13

107

LO7

37

T39

55

28

106

90

2"0

3"1

L20

1- 18

1

3

94"L

135 .0

66.7

40 "6
52 "3
L2"6

35"0

51 .5

4"s

4.L

3"1

2"6

3"0

2.3

3

3

^L

^r--L

^r--L

2

7

t
292 LLz"4 6.5

'CAI4PBELL (' 25) ; MURPHY ('57b); 'HR.DLICKA ( ' 28)

All other values obtained from MORANT ('27)

Previous

S NMean
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Table 9. Comparison of craniofacial dimensions ín museum material

and young adult male Aboriglnals from yuendumu, central AusËralia

Variable

ran]- ase
n-s
s-ba
n-ba
n- s-ba
for. angle

Nasal cavíty
s s- pns
n- sp
s-pm hor.
s-pm vert.

Total face
n-gn

Facial- shape
s-n-ss
s-n-Pg
s-n-pr
s-n-íd
n- ss-pg
ar- tgo-gn
Nt/NSt
I'ftlNSt
NL/Mt

Probabí1 i ty
2s Mcan

rt-J-

J-¿

.L¿

:h:k

J

5L-r-

Difference in means or variances signifícant 4Ë p < 0.05
Difference Ín means or variances sígníficant at p < O.0t

6.5LTZ"47.L119.1

7

6

8
3
2

3
3
4
4
5

2

2
3
5

4

26

4042

49

8
2

0
4
7

5

8
6

5

3
2

6
6

1

4
1

9

2

3
2

2
2

18.

4"3
3.8
3"6
3.7
5.6
6.1
3.1
6"2
5"6

3.8
4"0
3.7
3"9
5"1
5"9
3.5
4.8
3.9

t7

2.9
2.8
2.6
2.4

2"9
4.0
2"5
2"5

68. 8
4L "L

101"4
135 

" 5

92 "6

70.5
4s.s

ro5 "4
L29.6
9I.7

86
83
92
87

L70
tt4

7

55
49
15

52

25 "L

6.9
32"0

t69.L
L20 "7

9t .8
86.s

87.L
81.3

Museum

Mean

N=100
s

Yuendumu N = 31

Mean s

*ìk
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C. Comparison with Aboriginals from Yuendumu

Data relating to adult male members of an Aboriginal tríbe were

presented by BROWN ('65a). Of the 19 dimensions available for

comparison (Table 9), three showed statistically significant

differences ín variances between the pre-European and the Yuendumu

Aborigínals. Of these, the variances for n-sp differed at the one

per cent level while for s-ba and NL/ML the variances díffered at the

five per cent level.

Mean values for all línear dimensions except n-sp differed

signif ícantly between the t\^7o groups at the one per cent level; the

variable ss-pns had a mean value that I^/as smaller in the Yuendumu

group, whereas the other means \^/ere greater than ín the museum

materíal. The dimension ss-pns, however, is not strictly comparable

in the t!üo groups; ít was measured directly on the skulls between

points subspinale and posterior nasal spine, whereas in the Yuendumu

subjects profíle roentgenograms were used and the point pterygo-

maxillare determíned the posterior limit of the dimension" For the

angular variables, the mean values for s-n-pg differed between grouPS

at the fíve per cent level, and four others, n-s-ba, ar-tgo-gn,

m,/NSl, and NL/ML had mean values differing aE the one Per cent level.

In general, the differences in skull form between the museum

material and the Yuendumu Aboriginals were in overalL size, which was

greater ín the Yuendumu subjects , ar'd ín mandibular prognathism which

rn/as greater in the museum specímens.
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Mandibular form, expressed by variables ar-tgo-gn, l4L/USl, and

NL/ML, díffered ín the two groups; the mandíbular base was more

acutely inclined to the cranial base and the gonial angle was smaller

ín the museum skulls. These differences are illustrated in Figure

10 which was constructed from the group mean values.

Many of the differences found could rcasonably be ascribed to

post-mortem shrínkage in the museum material. However, the

possibility of distinct morphological differences should not be

overlooked even though additional information is required before

light can be shed on the nature of the changes , if any, that have

occurred in recent generations of Aboriginals"

On the one hand, the Yuendumu group was small in number, represented

a single Central Australian tribe and probably displayed greater

genetic homogeneity than the skull sample drawn from several regions

of Australia. The differences may therefore be due to distínct

regional variations. On the other hand, the differences may indicate

changíng patterns of facial growth, partícularly if it is borne in

mind that the Yuendumu group of young adult males had receíved the

benefit of improved nutrition during most of their growing period.

It is unfortunate that reliable information on the nutritive content

of food taken by Aboriginals livíng under nomadíc conditions is

scarce and that opportunítíes for studying growth in these people no

longer exist.
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I
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tgo
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_- 100 Aboriginal skulls
3l Young adult Aboriginal males

FtcunE 10. comparison of mean craniofacial patterns



A

Dental casts of a Central Australian Aborigine
Dentition of a specimen from the S.A.Museum

B

A
.B

FICUnn ll. Tooth affrition.
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The effects of tooth attrition on facíal morphology may also

contribute to the group differences, particularly the reductíon in

facíal heíght and the development of an edge-to-edge incisor bíte

which is characteristic of many mature museum specimens. In many

instances the sku11s showed severe occlusal and interproximal tooth

attrition but in contrast tooth attrition vras slight in the Yuendumu

subjects (Figure 11). Although the two groups had almost identical

values for upper face heíght there r^ras a mean difference of.6.7 mm in

the values for morphological face height. The facial height

difference \^7as therefore confined to the subnasal region and could

reasonably be explained by marked occlusal tooth attrition ín the

museum group. The fíndings are similar to those of IvIURPHY (t59)

who described in some detail the changes in several facial height

dimensions consequent upon marked loss of tooth substance through

attri tion.

The group difference of two degrees in mandíbular prognathism

could also be associated with severe tooth attrition in the museum

skulls. It has been observed that Australian skul1s exhibíting

gross aËtrition usually show morphological changes in the temporo-

mandibular joints together with an anterior repositioning of the

mandible. These changes, which have been briefly mentíoned by

BROI/üN (r65c), could partly account for the greater angle of

mandibular prognathism in the museum material.
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D. Comparison with Norwegian and Lapp cranial material

The fíndings reported by BERGLAND ('63) included observations of the

bony nasopharynx in a group of Norwegian and Lapp crania from the 17Èh

to 19th centuries. Because this region is seldom included in cranio-

metric studies, a comparison vüas made wíth the finclings for Australian

Aboriginal skul1s. However, Berglandts mean values \4ret:e not

corrected for roentgenographic enlargement and before comparisons r^rere

made, the means and variances r^/ere adjusted to compensate for the

stated enlargement of 6"25 per cent. The values listed in Table 10

have been corrected in this manner and should be reasonably close to

true dimensions. Because of thís adjustment differences in group

means and variances r^rere not assessed statistical ly "

In general, the nasopharyngeal dimensions in the Australian skulls

were similar to those for the Norwegian and Lapp grorlps. Allowing

for differences in Èhe definition of measuring points, it would seem

that the Australian skulls \¡rere slightly greater in pharyngeal length,

slightly smaller in pharyngeal height, but about the same ín breadth

and capacíty of the bony nasopharynx" rn this regard it is interest-

ing to recall the findings of Bergland, who on the basis of similar

values for nasopharyngeal volume in his two cranial groups, suggested

a functional adjustment to respiratory requirements involving compen-

sations in the height and depth of the nasopharynx. SOLOi,ü ('66,

pL25) also found indications of a compensatory mechanism which kept

nasopharyngeal volume independent of cranial base flexion.
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Table L0. Comparíson of craniofacial dimensíons in Australian

Aborigínalr.Norwegian and Lapp skulls. Values recorded in mm

or degrees and corrected for roentgenographíc enlargement.

Variable
Aus tral ian

N = l-00

Mean

Nasopharynx

ba-pns

tph-pns

phar. h

choanal width

scP- scP

phar. capacity

Craníal base

n-s

s-ba

n-ba

n- s-ba

Upper face

N- SP

s-n- s s

42 "4

35 "2
16 "6

68. 8

4t.L
101 .4

135.5

49.2

86 .8

2"8

2"6

L.7

2"7

2"6

3.8

5.3

27.0 2"0

y.sr

2.8

4.3

*'Derived from findings presented by BERGLAND (r63)

' Norwegian skulls - adult male from early 19th century

Lapp skulls - adult male from 17th and 18th centuríes

t Calculated accordíng to Berglandts formula: ,

pharyngeal capacity = (ba-pns). (phar.h) " (choanal width). j|

9.8

3.6

4"5

52.L

82.4

2"7

2.4

4.0

5.1

66.2

43.0

99.8

1_31_.6

4"O

3.2

2.r
L.9

40.0

32.5

18 .0

28.0

10. 3

2.4

3.9

50 .5

83. 1

3.0

2"5

3.6

4"8

65 .0

39 "7

98 "2
138.3

41"8

34.9

L7.6

28.0

2"8

2.4

r"9
2.2

SMeanMean S

Norwegian
]rJ = SQ:k

Lapp
N, = 30>k
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The other craniofaciaL variables availabLe for comparison had

similar mean values ín the three populations with the exception of

the angle s-n-ss whích was larger in the Australian skulls" This

angle, usua1ly. taken as a measure of basal maxillary prognaËhism,

is influenced by the degree of alveolar development and rvas probably

greater in the Australian group as a result of larger tooth dimensions

or greater procumbency of the incisors.

E. Distributions of the variables

For the multivariate analyses the largest in each set of seven

segmental indices was selected to represent the shape of the endo-

craníal segments. For the basal endocranium, index 4 was retaíned

to represent general shape; for the frontal endocraníum, index 3;

for the parietal endocranium, index 4" These three variables were

desígnated basal index, fronËal index and parietal index" Thus lg

indices were eliminated from future analyses.

The statistics,/-b, and b, were computed for each of the remaining

59 variables to indicate consistency wíth or departure from a normal

distribution, fb, being the measure of skewness and b, the measure

of leptokurtosis or platykurtosis" Eleven variables showed

deparÈures from normality statistically significant at the one or

five per cent levels of probabiliEy" These findings are summarised

in Table 11"
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One variable, s-prn hor., showed leptokurtosís signífícant at the

five per cent level while two variables, A-B-C and s-n-ss, showed

platykurtosís significant at the five per cent leve1. Skewness to

the left, significant at the one per cent level was displayed by the

paríetal índex and at the five per cent level by s-pm hor. Skewness

to the ríght, significant at the one per cent level \^7as sho\^rrì by f"

sinus b, and at the five per cen! 1evel by endo. h, ramus h, ba-pns,

tph-pns, n-eth and ltr/tlSL. Examination of the data did not provide

any obvious reason for the disclosed departures from normality and it

appeared that no particular cranium or group of crania was consis-

tently responsible for the deviations. Furthermore, the departures

from normality followed no set pattern although skewness to the right

was the most common finding.

As SOLOI¡I ('66, p55) has poínted out, insight into the causes of

departures from normality in anthropometric data must await the

presentation of distribution statistics for many other groups. No

explanation can be made for the observed departures in the present

material, but in view of the relatively small number of variables

displaying significant skewness or kurtosis it was considered

justified to include all 59 variables in the initial stages of the

mul tivariate analysis.
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Variables showíng statístícally signiflcant deparÈures

from normality

Variable tr¡1t bz Type of departure

3

8

11

15

26

31

32

35

A-B-C

ParietaL index

endo. h

n-eth
f.. sinus b

ba-pns

tph-pns

s-pm hor.

ramus h

s-n- ss

ML/NSt

.244

- .629**

.464*

.4L6't

.7 69*i\

.494r,

. 5 36:t

- "440;,

2.267¡c

3 "436
3.522

3 "23L
2.982

3.267

3"76t
4. 358?k

3.27 2

2.252x

3.607

PlatykurËosis

Left skewness

Right skewness

Ríght skewness

Right skewness

Right skewness

Ríght skewness

Leptokurtosis,
skewnes s

Right skewness

Platykurtosis
Ríght skewness

left

49

51

58

.548*

"067

.3941Y

)k Departure friom normality significant at p < .05
** Departure from normalíty sígnificant aË p < .01
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MULTIVARIATE ANALYSIS OF TIIE AUSTRATIAI{ SKULL

Prelimínary Factor Analyses

A bríef account of the computing procedures commonly used in

factor analysis \^ras gíven in Chapter 3 and reference was made to the

relative merits of dífferent methods so f.ar as mathematical precision

is concerned. On the basis of previous trials with empirical dala,

the maximum likelihood method of factor estimatíon was shown to be

the most precise mathemaiically, even though several methods compared

led to similar solutions and would be equally suitable for preliminary

factor interpretation. However, when factor analysis ís used to

examine complex biologícal phenomena, considerations of a more

specífíc nature become involved" Some of the special biological

aspects are discussed in the first section of Ehis chapter.

The presence of a significant correlation coefficient between tl^7o

anthropometric variables .has usually been accepted as evidence of a

bíological coordínation, but SOLOI¡I (t66, p75) has shown that

recognítion of non-biological causes for associations between

variables is important. Solow's r¡/ork follows that of PEARSON and

DAVIN ('24), I^IALLIS (t34) and others who discussed "spurious"

correlatíons between indíces that shared common components or
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between 1ínear variables that spanned the same anatomical region and

therefore rrcoveredrr each other.

A trspurious" correlation exists in the association between bizy-

gomatic breadth and cranial breadth (reported by Pearson and Davin as

0.54 for 72 maLe skulls; 0.42 i.n the present sample)" The two

climensíons span the same anatomical region and bizygomatic breadtl-r

"coverstt cranial breadth so that a significant correlation between

them could be expected. The correlation expresses the rather

obvious morphologícal association between breadths of the zygomatic

arches and cranial vault brought about by their anatomical proximity.

This type of correlation may be less informative than one of lower

magnitude existing between variables not covering each other.

Variables measured on cephalometric roentgenograms are al so subject

to rrspuriousrr ccordination and, moreover, a further source of non-

biological correlation may arise if the variables share common

reference points, reference lines or reference structures. This

concept was advanced by Solol{ (t66, p77) who termed associations of

this type rrtopographicalrr to distinguish them from "non-topographical,l

correlations between variables that did not share common points or

1ínes.

To explain the nature of topographical associations it is reasonable

to assume, first, that the variability of a linear dimension is

determined by the joínt variability of the two reference points used

to define the varíable. From this it follows that when two linear
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dimensions share a reference point the variability of the common

point wí11 be included in both variables resulting in their

correlatíon even if all three points vary independently. Angular

variables sharing a common reference line will be topographically

associated for similar reasons. CorrelaËions between topo-

graphically related variables can be expected to be as hígh as those

between "spuriously'r related variables" Furthermore, the sign and

approximate magnitude of topographical associations can be predicted

from a knowledge of the topography ínvolved (SOLOVü, r66, p83)"

An example of a topographical association from the present study

is found in the observed correlaEion (r = 0"66) between the tr^ro

línear variables n-s and n-ba which shared the reference point nasion"

The angular varíables n-s-ba and s-n-pg shared the reference líne NSL

and were topographically related wíth an observed correlation of

r = -0.52"

The correlation between two cephalometric variables determined by

common references may be conditioned by a true bío1ogical coordination

as well as the topographical effect described. In these instances

it is difficult to interpret the observed correlation values because

no satisfactory method is available to separate the topographical

and non-topographícal components of an observed correlation coefficient"

Analysis of the Australian data was designed with the above con-

síderations in mind and differed from the usual factor techníques"

The procedures adopted, although more complex than many previous ones,
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\,üere flexíble and allowed greater control over the experimental

variables. specíal attenËion was given to the use of correlatíon

and factor analysís in the selection of variables to represent

meaningful sources of covatiation. Factoring methods have seldom

been used to analyse cephalometríc data and the procedures applíed

for variable selection and for mathematicál resolution of the various

correlation matrices are discussed in some detail.

Methods of analysis

Fifty-nine variables, defined in chaptet z, were chosen as reason-

able indícators for the size and shape of several anatomícal regions

of the skull. For convenient tabulation and reference the variables

were placed in groups shown in Table 12 although the manner of group-

ing had no bearing on ihe analyses carried out.

The 1 17LL correlation coefficients between these variables were

computed for the first stage of the multivariate analysis. The

correlation matrix was then inspected, the statistically signifícant

coeffícients identified, and a search made for correlations that could

be explaíned, at least in part, by one of the types of non-biological

coordination. The aim of the preliminary matrix ínspection was to

gaín a clearer insíght into the associations present before commencing

the multÍvariate procedures.
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Variables included in the fírst stage of the multi-

variate analYsis

CRAT{IAI VAI]LT

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
t4.

Basal chord
Basal index
A-B-C
Frontal chord
Frontal index
B-C-D
Parietal chord
Parietal index
endo. I
endo. b
endo. h
g-op
eu-eu
po-v

CRAT{IAL BASE

FACIAL SIZE

37
3B
39
40

n-gn
zm-zm
qo-tÙ

mass. b
ecm-ecm
palate b
palate I
palate h
go-go
gn-gn
gn-cd
ramus b
ramus h
infra t.f.d.

4I

46.

42.
43.
44.
45.

51.
52.
53.
54.
55.
56.
57.
58.
59.

47.
48.
49.
50.

FACIAL SHAPE

15.
16.
t7.
18.
19.
20.
2L.
22.
23.
24.
25.

n-eth
eth-s
n-s
s -ba
n-ba
n-s-ba
eth- s-ba
for. angle
min. f
max. f.

f . sinus h
f . sinus b

S-fI- S S

s-n-Pg
s-n-Pr
s-n- id
n- ss-pg
ar-tgo-gn
NL/NSL
Mt/NSL
NL/ML

26,

NASAL AI{D NASOPHARYNGEAL DIMENSIONS

27. sphen. d
28. nasal b
29. ss-pns
30. n- sp
31. ba-pns
32. tph-pns
33. scp-scp
34. phar. h
35. s-pm hor.
36. s-pm vert.
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Dístinctíon \4/as made bet¡¿een four types of correlations, dependíng

on the anatomical relationshíps between the variables concerned:

spurious correlatídfis between variables that included a common com-

Ponent, for example basal chord and basal index; spurious correlations

between variables that spanned the same or adjacenÈ anatomical regions,

for example cranial breadth and bízygomatic breadth; Èopographícal

correlations between variables sharing comrnon reference points or

lines, for example n-s-ba and s-n-pg; correlations not falling into

these groups. The fírst three Èypes of correlations, which can be

regarded as beíng conditioned by topograpirical or non-biologíca1

situations, are termed rrspeciousrr in Èhe present text.

rn many instances it was difficult to assign a correlation to a

specific group and associations between variables spanning adjacent

anatomical regions \^/ere regarded as specious only íf they were

measured from reference points situated in fairly close proximity"

To explain further, bízygomatic breadth and cranial breadth vrere con-

sidered to be speciously related on account of the proximity of the

reference points euryon and zygi.on and because of the anatomicaL

connection between zygomatic arches and cranial vault. However

bizygomatic and bígonial breadths \^rere not considered to be

speciously reiated even though they both measur:ed facial breadths and

could be expected to show a coefficient of correlation (r = 0.3g in

the present study) consistent with a coordi-nation between anatomical

parts jointly influenced by the development of the masticatory

musculature. until more is known of the nature of correlations
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between anthropometric variables, a grouping such as the one

descríbed must remain somewhat subjective.

Fo1lowíng the ínspection

analyses \^rere carried out in

Table 13.

of the correlation matríx, five factor

the sequence and manner summarísed in

Analysis I

The fírst analysis of all 59 variables was regarded as a pre-

liminary exploratíon of the assocíatíons between the variables ín

which the main sources of covariatíon \^lere disclosed as common

facËors. Tríal factor

JORESKOG ('63, p43), and

tests suggested El:aL 23

variation present.

loadings were derived by the method of

the use of his I'k-minil criterion and other

factors would explain the major sources of

Subsequently a maximum 1íkelihood analysis T¡/as carríed out using

the method of Lawley (LAiIILEY and MÆ(I,rIELL, r63, p10) with the trial

loadings derived from the Jöreskog analysís" Finally, a varímax

orthogonal transformation (also referred to as rotation) was

:k It has been found useful to examine the relative magniEudes of
the eigenvalues of the correlation matrix and the eigenvalues of the
reduced correlation matrix, that is the matrix with estimates of the
communalities ínserted in the maín diagonal elements, Prior to factor
extraction. The percentage contributions of the eigenvalues to the
matrix trace provide a guide to the relative importance of the
factors and the probable number of factors required to account for
most of Èhe variance present.
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Faetor procedures used for the five analyses of cranio-
facial associationsl

Analysi s
Number of
Vari abl e s

Ini tial
Solutíon

Fac tors
Transformed

Factors
Interpreted

23

302

1

363

4

305

59

59

30

a1
3

a1
3

40

23

L9

23

18

L6

Maximum
Likel ihoo d

2

Principal
Factor J

Príncip
tr'ac Ëo r

Princip
F ac tor

I6 t6

1- rn all analyses the sample number was 100 and the transformation
was carried out by the orthogonal varimax meÈhod.

t- Approxímations to the factor coefficíents were derived from a pre-
1íminary analysis by the Jöreskog method. Forty iterations r¡/ere

made.

The number of factors retained for transformation vras determined by
selectíng positive eigenvalues of the correlation matrix reduced by
ínsertíng communalíty estimates in the main diagonal elements.

Approxímations to the factor coefficients r¡/ere derived from Analysís
4" Twenty-five iterations were made.

Maximum
Líkel ihoo ð,4

3

4
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performed on rhe likelihood solution by the method of KAISER ('58),

and the contríbutions of the variables to the estimated factor

variances \¡rere estimated by the methods outlíned by HARMAN (',60a,

p337-361). The maxímum likelihood estimation is more precise

maÈhematically than other factoring procedures, and al-though

precision is not essential for gross factor interpretatíon, the

method was used in the first stage of the multivariate analysis

when an accurate representaEíon of the sources of covariation was

desirable.

The matrix of transformed factor coefficients rl/as examined and

rearranged for easier interpretation along the 1ínes for facËor

revisíon descríbed by SOLOLI ('66, p10f). EssenLi-aLIyt the

rearrangement consísted of reversíng the signs of the coefficients

of a factor when the highesE coefficients l^7ere negative, and

changing the order of both factors and varíables so that the

variables with sími1ar patterns of coefficíents were grouped closer

together than they were initially"

Interpretation of the maín sources of variation was based on the

examinatíon of both the magnítude of the factor coefficients, that is

the correlations between variables and factors, and the contríbutions

of the variables to the estímated variances of the factors" It is

normal practíce to use only factor coefficients as a guide for

factor interpretation. Ilowever, while it is true that an inter-

pretation based on the contríbutions to the factor varianees would,
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ín most instances, lead to similar conclusions, the interpretatÍon is

símplífíed by considering each set of values ín relation to the other.

It would seem that the contributions to the factor varíances provide

the clearer guíde to the true nature of the factor. HARMAN (t60a,

p347) has discussed Ëhe use of factor varíance contributions in facÈor

interpretation but as far as can be ascertained this procedure has not

been applíed previously in a biometric investígation.

Analysis 2

For the second analysis all 59 variables were included but in the

order determined by the rearrangement carried out during the previous

stage. The object of this analysis was to disclose factors of small

magnitude that had not been included in the transformatíon procedure

of Analysis 1. The number of variables included for analysís

determines the total communality and, furthermore, the correlations

among the variatrles determíne the factors and their contríbutions to

the communality. The inclusíon of groups of specíously related

variables would have the effect of producing factors which, although

contributing signifícantly to the total communality, might not be

as important bío1ogically as factors determined by variables not so

relateri. If tire number of facËors is minimised, according Èo che

usually accepted minimum rank model, ít becomes likely that some

factors r¿ith small communality contributÍons would be excluded or at

least overlooked. For these reasons the extraction of additional

factors was deemed necessary to provide a more objective bagis from
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whích to recognise variation sources, whether specious or

otherwise.

Mathematícal precision was not so essential at this stage and

Analysis 2 was carried out by the príncipal factor method. Initíal

communality estimates, calculated as the sguared multíple correla-

tions of each variable with the remainder, \¡/ere placed ín the main

diagonal elements of the correlation matrix prior to factoríng.

All eigenvalues greater than zero \^rere retained to compute the

coefficients for 40 common factors. Although all 40 factors were

not required for final interpretation, they were rotated orthogonall-y

by the varimax method. SOLOI^I ('66, p100) has shown that the

pattern of varimax transformed factor coefficients is not markedly

changed even \¿hen a number of factors greater than that fínally

retained is included in the transformation.

The transformation procedure led to a redistribution of the

factor loadings and the contributions of the rotated factors to the

common variance provided a clearer basis for a decision on which

factors to retain as biologically significant. Twenty-nine trans-

formed factors had contributions to the common variance diminishing

from 11"2 per cent to 1.5 per cent; these factors could be readily

interpreted in biological terms. The contributions of the

remaíning 11 transformed factors fell abruptly and only one, with a

contributíon of 0.8 per cent, was judged to be biologically meaning-

ful. Accordingly 30 factors ürere retained for interpretation"
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rnterpretatíon of the factors in Analysis 2 was based on the magni-

tude of the factor coefficients but attention was gíven to specious

associations between variables. Subsequently it was possible to

select factors for ínclusion in future analyses and to decide the

combination of variables best suited for the factor requirements.

Of the 59 original varíables, 23 were eliminated either because of

specious relationships or because they represented sources of minor

variation. In a few i-nstances, however, speciously related variables

¡nrere deliberately retained Ëo establish a given source of variation
i^^L1 ^ ç^^+^- :^ Í..L..-^ ^-^1 ---^^ mL^ ,,-^ -r -sù e !çÇvórrrÞeu!ç !duLvt atl tULutç dtldlyÞ9!i. ItlC (lug (JI d' pI.g-

liminary factor analysis provided a more objective basis for the

retention and discard of variables than would have been possible had

the selection been based solely on an examination of the correlation

matrix.

Analysis 3

Principal factor analysis followed by varimax transformation was

carried out on the 36 variables retained from the prevíous stage.

After factor interpretation, the selection procedure was applied once

more and wíth the additional knowledge no\^/ available it was feasible

to eliminaËe a further six variables with minimal loss of information.

Thirty remained and these \^rere corrsidered to represent the major

sources of variation of interest in the skull group under examination,
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Analysis 4

Analysis 4 was carried out on the 30 variables to obtain an

inítial set of factor coeffícíents that could be used as approxima-

tions for a more precise maximum likelihood estimation. Principal

factor analysis followed by varimax transformation r^7as carried out

as before.

Nineteen factors r¡/ere transformed and of these three l^lere con-

sidered minor and not interpreted. Of the 16 remaining factors, one

contributed only tlyo per cent to the common variance and, although

retained, its value as an indication of significant covariation \^Ias

doubtful. No further reduction in the number of varíables was

necessary.

Analysis 5

,The final analysis I^7as carríed out by Lawleyrs maximum likelihood

method to obtain a set of factor coefficients from which the original

set of correlation coefficients between the variables could be

reproduced precisely. The maximum likelihood coefficients were used

to compute factor scores for the 1oo skulls in the sample. The

procedure used and the interpretation for Analysís 5 is discussed

separately in the next chaPter.
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Resul ts

Correlatíon matrix

The mat.rix of correlation coefficients among the 59 varíables is

shown in Table 14. Specious associaÈions are considered ín Table l5

under the three maín groups referred to previously; variables sharing

common components, variables spanning adjacent anatomical regions, and

varíables sharing common reference poinËs or lines. The list ís not

exhaustive Íncluding only the obvious sources of specious coordination.

The presence of a large number of specious associations was

expected from the experímental desígn and Table 15 emphasises the

complexities encountered during the inÈerpretation of large correlation

matríces computed from anÈhropometric data. It is stressed that the

presence of a specíous coordínation between two variables does not

preclude the possíbílity of addÍtíonal biological coordination; it

means, however, that until more is known of the nature of anthropo-

metric associations, observed correlation values should be ínterpreted

cautíous1y.

Analysis 1

Maxímum likelihood estimation was used to obtain the initial set

of factor coefficients. The computer program specífíed that the

iterative procedure should cease when either all residual variances

for the 59 variables had converged with a maximum difference beËween
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successíve resíduals of 0.OOl, or when 40, the specified maximum

number of iterations, had been completed' In this instance 40

iterations \¡/ere performed after which the 59 residual variances had

converged wíthin 0.03, 58 had converged within 0.02 and 50 within the

specífied value of 0.001. The degree of convergence \¡/as accepted as

adequate.

The varimax solution for Analysis 1, obtained by orthogonal trans-

formation of the likelíhood coefficients, ís shown in Table 16 with

loadings less than 0.15 omitted, The revised varímax solution is

gíven in Table 17 ín whích the factors and varíables have been

rearranged according to the procedure outlined and, in addition,

the factor pattern has been simplífied by the exclusion of all
:k

coefficients judged to be non-significant

Table 18 lists the contributions of the varíables to the estimated

factor variances. Very small contributions, whose absolute values

were less than 0.01, were omítted from the table on the assumption

that these \¡/ere obviously non-signíf icant and most 1ikely spurious,

being generated duríng the sequence of complex aríthmetic operations

incorporatíng eigenvalue extraction and matrix ínversion routines.

The magnitudes of the correlatíons between variables and t]ne 23

rotated factors and the contributions of the variables to the

rk See note on the significance of factor Poefficíents aË end of
Chapter 5. (p105)
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estÍmated factor variances were taken into account when the factors

were interpreted. The ínterpretation summarísed in Table 19 ís

prelimínary only; because Analysis 1 was exploratory in nature no

atËempt has been made to assess the biologicar or topographical

signíficance o,f 'the factors.

An assessment of the assocíations among the 59 varíables revealed

by Analysís 1 showed that most of the variance could be accounted for

by 23 factors. However, the inclusíon of speciously related variables

led to the appearance of some factors that were of doubtful biological

ímportance 4lthough they contributed signifícantly to the conrmon

varíance.

The 23 common facËors fell fairly readíly into four main groups.

Variations in endocranial size and shape r¡/ere represented by factors

4,7, L6r 14 and 18; cranial base dimensions by factors !2r 2!r B,

15, 17 and 11; the nasopharynx r^ras represented in height by factor 6

and in depth by factor 3; facíal size and shape variatíons r¡rere

indícated by a large group of factors - 5r 2Or g,10, 13, 22, I) L9,

23 ar.d 2.

Because the common factors extracted by any factoring method are

determíned by rhe correlations among t.he varÍables, it was not

surprísing that the major sources of covariation r¡rere revealed as

four groups of factors each representing an anatomícal region of the

skull, Thís feature of factor analysis can provj-de useful informa-
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tion when comparísons are made between successive analyses with

modificatíons in the number and nature of the variables.

Analysis 2

The second analysis, carried out by the princípal factor method

followed by varimax transformaüion, resulted in 40 common factors"

Examination of the varimax loadings and the percentage contributions

of the factors to the common variance (shown in Table 20) suggested

that 30 \^rere capable of meaningful interpretation even though some

of these were of little biological significance. The coefficients

for the 30 retained factors are 1isÈed in Table 21 whereín the order

of the factors is changed, some factors are shown wíth sign reversal

and the coefficients judged as non-significant are omitted. For tbis

analysis a value of 0.2! was aceepted as the 1evel of significance

for a factor coefficient by applying the same criteria as before"

Factor inËerpretat.ion, based on the magnitude of the fá.ctor

coefficients, is summarised in TabLe 22"

The 30 common factors were distributed as follows: the endo-

cranium \^ras represented by eight factors, L9, L6, 5, 2L, L4, 30, 27

and 23; the cranial base by six factors, 24r 11, t,7,17 and 3;

the nasopharyngeal region by four faetors, L0,13,18 and 15;

facial size and shape by twelve factors, 28, 4, 6, 8, 9, 22, 2, L2,

31, 25,29 and 20" These factors could be placed in the same four

basÍc groups as in Analysis 1"
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More factors r¡rere extracted in Analysís 2 and several sources of

varÍation not disclosed in the fírst analysis l^rere represented as

conrmon factors in the second analysis. For example, the endocraníum

was represented by three additíonal factors, frontal bone shape (30),

endocranial 1-ength ín the basal segment (23) and inclination of the

foramen magnum (27). Two additional nasopharyngeal factors were

present, one of breadth (15) and the other representing sphenoíd or

clívus thíckness (18). The size and shape of the facial skeleton

were indícated by two addítíonal factors, one for nasal breadth (20)

.and fhe other¡ for rroner f e¡:i a1 breadth (29 .\ - Tt r¡tas interestins\_- a "

that the 23 common factors of Analysís 1 were readily identified among

the 30 coÍìmon factors of Analysis 2.

An examínation of the distríbution and magniËude of the factor

coefficíents brought to lighÈ many instances of overlapping variables

identífíed by similarity ín their patterns of coefficients. The

variable pair endo. 1 and g-op overlapped to measure variation in the

general length of the cranium, and the varíable pair min. f and max" f

overlapped to determine variatíon in frontal bone dimensions"

Moreover, ín some ínstances sources of variatíon were expressed as

two orÈhogonally related factors whereas in nature an oblíque

relaËionshíp wouid aimost certainiy exist. This situati.on, brcruglti

about when Ëwo or more variables r^rere topographically associated, was

present in the varíable set, n-s, n-eth and eth-s representing

lengths of Ëhe anteríor craníal t¡ase" Two faetors appe:ared, one for

the eth-s segment of the base and the other for the n-eth segment"
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The total anterior cranial base length n-s had significant loadings

on both factors. CATTELL ('65a) has referred to this effect which

results from mathematical restrictions inherent in an orËhogonal

fac¡or model and the consequent preclusion of correlated factors no

matter how they might occur in nature.

To reduce sources of minor covariation, the correlations between

variables and factors r¡/ere systemaLically examined and 23 of the 59

variables were omitted from the next stage. Referríng to TabLe 22,

variation in length of the endocranium T¡/as expressed by factors

representing the individual basal, frontal and parietal segments.

It would seem Ëhat the variable endo. I would satisfactorily locate

this general source of varíability and accordingly the variables

basal chord, frontal chord and parietal chord, which showed no other

f actor coef ficients of biological interest, \^7ere eliminated. The

variable g-op overlapped endo. 1 by spanning the same anatomical

regíon and on these grounds it was also elimínated.

Variations in height of the endocranium \^7ere expressed by two

factors (5 and 14) determined by the variable set po-v, endo" h and

B-c-D. The patterns of factor coefficients for po-v and endo. h

differed so both r^rere retained to determine this variation source but

B-C-D was eliminated as it had no other signifícant loadings.

The indices, basal index, frontal index and paríetal índex had

factor coefficients of 1itt1e biological interest and \^lere not

reËained. Varíable eu-eu overlapped endo. b to determine the
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factor of cranÍal breadth (16) and was therefore eliminated" Angle

A-B-C showed only topographical relationships with the other variables

and was also rejected.

Turníng now to the cranial base group of factors, max. f was

retained to express the frontal thickness factor (24) and min. f, which

it overlappedr was eliminated. Anterior cranial base length (factors

1 and 7) could be effectively represented by the variable n-s and

accordingly the variables n-eth and eth-s which \^rere topographically

related to each other and to n-s \4rere eliminated. Variable f . sinus

h was retaíned to determine a frontal sinus factor in preference to f.

sinus b which had a similar loading pattern. Variables eth-s-ba,

n-s-ba, s-ba and n-ba, although topographically related, were retained

for the next stage to locate factors of cranial base inclination and

clivus length. The variable for. angle was also included in Lhe

retained set.

Variations in the size of. the nasopharyngeal region v/ere expressed

in Analysts 2 by the factors 10, 13, 18 and 15. The variables ba-pns,

phar. h, scp-scp and sphen. d were retained to represent the variation

of biological interest, and variables tph-pns and s-pm vert., which

contained little additional information, were eliminated.

Among the large group of variables measuring size and shape of the

facial skeleton, several sets of speciously related variables were

encountered. Mass. b was topographically related to zg-zg and go-go;

palate b was overlapped by ecm-ecm; s-n-id and s-n-pr expressed the
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same variation source as s-n-pg and s-n-ss; NL/Ifr- \das toPographically

related to NL/NSL and ML/NSL. In addition, s-pm hor. and ar-tgo-gn

had factor coeff icíents that \^7ere of little biologieal interest.

Consequently the fo1lowíng variables were dispensed wiËh in future

analyses: mass. b, palate b, s-n-id, s-n-pr, NL/ML, s-pm hor. and

ar-tgo-gn. The remaining facial variables T¡rere retained to locate

the major sources of covaríation in size and shape of the facial

skeleton. A summary of the selection procedure is given in Table

23.

Analysís 3

The princípal factor method followed by varimax transformation

v/as used for the third analysis of the 36 retained variables. The

percentage contríbutions of the factors to the common variance are

shor^m ín Table 24.

Of Ëhe resultíng 23 common factors, 18 appeared capable of

straightforr¡rard ínterpretation while the remainder had low variance

contríbutions and were of little biological interest" The

coefficients of the 18 retained factors are given in Table 25 which

is simplified as in the previous analyses. For Analysis 3 a level

of O.2L was accepted as significant for a factor coefficient and

factor interpretation, based on the magnitude of the facËor

coefficients, is summarised in TabIe 26"
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The selection of variables carríed out after the previous stage

resulted in a more satisfactory factor paËtern. Many sources of

variat.ion Èhat were biologícally unimportant. had been elimínated and

the dístribution of the varíabl-e loadings over a ne\¡r set of factors

resulted in a varímax solution that was reduced in complexity and

easíer to interpret.

Variation Ín the endocranial dímensíons was represented by three

factors, factor 10 for breadth, factor 5 for height, and factor 8 for

the foramen magnum inclinatíon. Cranial base factors r^7ere reduced

Èo four in number, factor 12 representíng frontal bone síze, factors

4 and 16 indicating the anterior and posterior cranial base segments

and factor 11 representing the cranial base flexion angle.

Two factors, 13 and 14, were concerned with variatíons in the

nasopharyngeal region and were identified as clivus thickness and

nasopharyngeal breadth. Facíal size and shape varíations hrere

determined by nine clearly defined factors, 15,6,3, 17, IBr 9, Ir 2

and 7 which together located the main sources of covariatíon in upper

and lower facíal depths, facial breadths and facial profíle shape.

After an examination of the pattern of factor coefficienfs and an

appraÍsa1 of the biological and specious associatíons remaining, ít

seemed desirable to exclude a further six varÍables that duplicated

informatíon contained in the others. The selectíon procedure,

summarised in Table 27, was carríed out as follows. variables po-v

and endo. h overlapped to locate the factor of endocranial height (16);



- 103-

endo. h was retained to locate thís variation source, The cranial

base angles eth-s-ba and n-s-ba l^rere topographícally related and only

n-s-ba hras retained to express cranial base flexion in the median

p1ane. Total craníal base length, n-ba, overlapped the variables

n-s and s-ba but did not show other associations of interest and on

these grounds it was eliminated" The variable ss-pns overlapped

palate 1 to determine factor 15, and furthermore íts factor

coef f icíents \^rere, ín the main, topographically determíned; ss-pns

r¡/as therefore noÈ retained" Mandibular length varíation could be

effectively represented by the variable gn-cd and the overlapped

variable gn-go was elíminated from furEher analysis. Finally the

angle of maxillary prognathism, s-n-ss, I^7as eliminated as it did

not contain much information that \n/as not effectively íncluded in

the variables s-n-pg and n-ss-pg.

Analysis 4

The fourth analysis v/as entered with the 30 variables retained

from Analysis 3 and carríed out as before by the principal factor

meÈhod followed by orthogonal transformation. The percentage con-

tributions of the resulting 19 factors to the common varíance are

shown ín Table 28.

For Analysis 4, a value of 0.21 was accepted as Ehe criterion for

signíficance of a factor coefficient. Of the 19 common facLors,

three had extremely 1ow variance contributions and $/ere not
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interpreted. rn addition, one factor (number 14) contríbuted only

two per cent to the common variance and was of doubtful value even

though it could be clearly ídentified. The coefficients for the 16

retaíned factors are shown in Table 29 which has been rearranged. as

before. Factor interpretation, summarised in Table 30, was based on

the magnitude of the factor coefficíents.

compared with Analysís 3, there were few departures ín the overall

scheme of ínterpretation of the sources of variation. The endo-

cranÍum r^ras represented by three factors, 13, 7 and g; the cranial

base by two factors, 4 and 9; the nasopharynx by three factors, L6,

6 ar.d L2; síze and shape varÍations of the facial skeleton by the

group of eight factors, LI , 3, 10, I, 5, 15, 2 ar.d. 14.

The pattern of coeffícients resulting from Analysis 4 was capable

of meaningful interpretation and, furthermore., aclditional sources of

specious association had been elÍminated after the prevíous stage.

The solutíon was accepted as a satisfactory representatíon of the

major sources of varíat,ion present in the orÍginal set of cranio-

facíal variables, so far as their biologícal interest hras concerned.

Therefore, wíthout further revisíon, the factor loadíngs r¡/ere retaíned

as approximations with which to enter the more precise maximum

1ikelÍhood estimation described in the next chapter.

The advantage in carrying out a seríes of factor analyses lies ín

the opportunity to examine relationshíps between variables and factors

aÈ several stages. The biologícal importance of each variable and
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factor can be assessed and the subsequent analyses modified

accordingly. Although it could be argued that specíous assocíations

can be recognised in a correlatíon matrix and eliminated at this

stage, there is a distinct advantage in conducting this elimination

over a series of factor analyses each of which increases the under-

standing of the associations present. Thís procedure permits a

degree of experimental control not possíble when a single analysís

is made !üith little knowledge of the expected outcome. Moreover,

serial analysis of this type preserves the maximum ínformation

content and leads to more efficíent factor recognítion.

Note on the significance of factor coeffícients

At present, no universally acceptable test for the signifícance of

a factor coefficient is available. The test suggested by HARMAN

(r6Oa, p439) has been used for small matrices with meaningful results

(BROI,üN, BARR.ITT and DARROCH, '65a; 65b), but in the present analyses

rhe applícation of rhis test resulted in criteria for significance

that \^rere not in accord with the obvíous biological relations betr¿een

variables and factors. Accordíngly a frequency count \^7as made for

al1 factor coefficients with absolute values falling between 0.15 and

O"26, the limits between which the significant 1evel might reasonably

be expected; Table 31 shows this count for Analysís 1. Inspection

of this table shows that coefficients wíth values 0.15 to 0.21 had
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frequencíes rangíng from 13 to 22 whereas the frequencies for

coefficients with values 0.22 to 0.26 fell abruptly to 5 or 7. On

the assumptíon that the smaller coefficienL values r^rere more 1íkely

to have arisen by chance alone, a value of 0.22 was accepted as the

level of sígníficance for a factor coefficient in Analysis 1.

This procedure, although it has no strict statistícal foundatíon,

led to a satisfactory interpretation in so far that most coefficients

accepted as sÍgnificant could be accounted for by the known biological

or specious relatíonshíps among the variables. It is almost cer¡aín,

however, that the procedure rnrould exclude a few meaníngful co-

effícíents that did not quite reach the signifícance level. The

method adopted fínds some support from CATTELL ('65a) who selected a

hyperplane band width (or estimated standard error of a zero Í.actor

loading) of * 0.10 as a guíde to determine which variables ,'belonged"

to the hyperplane. Also, an empírical level of 0.20 was set by

SOLOI4I ('66, p1-00) af ter consideraiion of sampie síze, the limits for

a zero correlation, and the general applicabílity of this level for

biological interpretatíon.
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MULTIVARIATE ANALYSIS OF THE AUSTRALIAN SKULL

Final Factor Analysis

The factor representation of Ëhe main sources of variatíon present

in the Australian Aboriginal skul1 was clarified during the previous

analyses" After the elimination of variables of Iittle biological

interest or which duplicated sources of variation adequately repres-

ented by the remaining variables, a stage was reached when the

important metric characters of the skull group under investigation

\^rere considered to be effectively described by the 30 remainíng

variables.

Subsequently a principal factor analysis of these 30 variables

revealed 16 common factors thaL could be interpreted fairly readily

in meaningful terms" Ilowever, the principal factor method,

although suitable for factor recognítion, leads to a set of factor

coefficients that are mathematically less precise than those deríved

by more efficient procedures" The final analysis (number 5 in Ëhe

series) was carried out by maximum likelihood estimatíon (LAIüLEY and

MÆ(tr'IELL, '63, p10; IIARMAT{, '60a, p366).
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Method of analysis

Trial factor loadings were derived by varimax transformation of

the principal factor coefficíents calculated for 30 variables and

16 common factors in Analysis 4" These values \,re.re accepted as

approximations with which to cntcr the likelihood calculations which

were solved by an iterative method (see Chapter 3) " After each

iteration, resídua1 variances v/ere computed for the variables and

compared with those obtained during the previous itei:a_tion" Thc]

computer program specífi,ed that the iterati,ons should çease \^rhen

either al 1 30 residual variances had converged to staÌ¡le val.ues with

differences between successive residrrals less than 0.001, or when the

maximum number of permitted iterations (in thj"s j-nstance an arbitrary

value oÍ 25) had been performed.

In the present analysis 25 Lterations were performed after which

the maxímum diiference beËween successive resi<iual variances !{as

0"003t L7 residuals had converged to stable values within the

specified limit of 0"001, 26 residuals had converged within 0"002

and all 30 residuals had converged r¿ithin a value o:E 0"003" The

degree of convergence achicved was considered satisfaetor:y for the

present analysis and the factor loadings so obtained were aecepted

as the maximum likelihood coefficients. Orthogonal transformation

by the varimax method was carried out to obtain a ner^7 set of rotated

loadings before factor i,dentification l{as attempted.
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The accuracy of the solution was assessed by reproducing the

matríx of 435 correlations between the 30 varíables from the factor

coefficients and examining the magnitude of the resídual coefficients,

that is the differences between the observed correlations and those

reproduced from the likelihood solution. In addition, the approx-

,
imate y.' críterion (LAI,JLEY and MAXtrrIELL, t63, p24 Equation 2.L7) was

used as a guide to the statístical significance of the residual

coefficíenËs. These findings are shown below:

Mean of residual coefficients 0'009

Standard error of mean 0"001

Standard deviation 0.011

Minimum residual coeffieient 0.003

Maximum residual coefficient 0.088
?

X'= 75"9 f.or 75 d.o"f" ("40< P< .50; non-significant)

)
The f indíng of a non-significant X- criterion as \^7e11 as low

values for the resídua1 correlations justified the conclusion that

16 common factors satisfactorily accounted for the correlaEi.ons

among the 30 craniofacial variables.

Finally, as a guide in factor inËerpretaËion, the contributions

of the variables to the estimated factor variances were computed by

the method outlíned by HARI"IAN ('60a, p346) who considers that these

contributions províde a better indication of the relative importance

of the variables so far as factor prediction is concerned. Factor
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coefficíents represent the correlaËíons bethreen variables and factors

and do not take into account the indirect contributions to a facËor

resulting from the intercorrelatíons among the variables in the set.

The 16 factors were interpreted after an examination of the pattern

of varimax loadings and consideration of the variable contributions

to the estímated factor variances"

Resul ts

The orthogonal varimax solution obtained by rotation of the initial

maxímum likelihood matrix of loadings is shown in Table 32" This

solution rûas rearranged in the way descrí.bed for previous analyses

and is given in símpler form ín Tabre 33 which incltrdes faetor co-

effícients with values greater than 0.20, the level of significance

accepted for this solution being 0.2i"

ConËributions of the 16 factors to the total communaliËy are given

in Table 34. rt is interestin.g to note that the three facLors con-

tributing least to the common variance (factor 16, 3"3 per cent;

factor 8, 2"L per cent; factor 13, 1.7 per cent) were the only ones

that could not be readily identified among the 16 factors resulting

from the príncipal factor analysis 4. rt is quÍte probable that the

elimínation of these three factors followed by a nepeat maximum

likelihood estímation based on the loadings for 13 fac.tors would lead
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to an efficient solution with a non-significant críterion" However,

it is unlikel-y that the overall interpretation would change and this

step \^ras omitted, particul-arly as there is ínsuffícient evidence to

support the view that minímisíng the number of common factors is

desirable in biological situations as ít might be at other times.

The total contributíons of the varíables to the estímated factor

score variances are shown in Table 35 which has been simplífied by

omitting low values that \^/ere negligible and probabl-y spurious" The

interpretat.íon of the 16 common factors is summarísed in Table 36"

Factor interpretation

The common factors were interpreted by taking into account the

magnítudes of the correlations between variables and factors (Table

33), the relative imporËance of the variables for factor scoTe

predictíon (Table 35) and ttre recognítion of non-bío1ogícal or

specious assocíations" Factors resulting from a facLor analysi.s

índícate sources of shared varíability among the variables and

although ít is often possible to ídentify them with bíologícal

ínfluences that rnight bring about the common variabí|ity, the

factors should noË be taken as direct evidence of causatíon"

In the following ínterpretations each factor is considered to

represent a source of variation common to a group of variables whose
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íntercorrelations and factor loadings are shown in the support.ing

tables. For convenience the identifying title given to a factor is,

in most instances, similar to that of the variable with the highest

correlation on the factor. This is not meant to ínfer Èhat the

factor represents a source of varialion identical to the variable in

quesËion,

Factor l2 Endocranial breadth

:leorrelation coef f icíents
10 43 39

2
b3Varíable 45 a

10"

43"

39"

45.

endo" b
palate 1

zg-zg

go-go

1

.32

"36

"34

1

.22

"04

1

.38

"79

"28

"42

"43

"46

.05

"14

.08I

IThe minímum value of a correlation coefficient differing from zero
at the p = .05 level ís 0"20

p = .01 level is 0"26
?-The column headed -a contains the correlations between the variables
and the f.actor that is the factor coefficients derived by varimax
transformation of the maxi.mum likelíhood solution.

3rt e column headed b contains the contributions of the variables to
the estimated variance of ihe likelihood factor

These foot*notes and headings apply to each of the tables
accompanying the factor descr:iptions.
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The varíable endocraniaL breadth had the highest loading on this

factor. Upper and lower facial breadths, índicated by bízygomatic

and bígonial diameters showed moderate loadings indicating a general

coordinaÈion in breadth between the craníal vaulÈ and the facial

skeleton. However, these three variables could be considered over-

lappíng to some extent by spanning adjacent structures i.n transverse

planes so thaE the revealed common variation was not altogether

unexpected" Only one other variable, palate length, had a síg-

nificant loading on Factor 12. This loading was not hígh in value

but gave evidence of an association between general skul1 breadths

and the length of the upper jaw. The variables endocranial breadttr

and bizygomatic diameter contributed most to the esËimated factor

variance.

Factor 12 was interpreted as one of general breadttr of the skull

reflecting a coordination between the cranial vault, the upper face

and the mandible so far as their variability in \^Iidth \ÁIas concerned.

The absence of signifícanL loadings for facial depth and facial shape

varíables , aparL from the one for palatal length, indícated that the

various facial breadths, although coordinated withín the general

framework of sku11 breadths, \^rere largely independent of depttr

measures of the face and calvarium and shape of the facial profi.le"

This finding is similar to the observations made by e.lönf (64b, p35)

when discussing symmetric development of the face. I'actor 12 is

al so reminíscent of the general facial \^/idth factor reported by

SOLOIü ('66, pl16).
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Factor 5 Endocranial height

Variable 11
Correlation coef f icients
9183449 4L a b

11.

9.

18"

34"

49"

4L"

endo. h

endo. 1

s-ba

phar. h

ramus h

ecm-ecm

I
t-7

.39

.38

"35

"22

1

"35

.37

"36

I
30

10

I
"L4

.09

"19

"19

I
.32 1

.76

"34

.s4

"65

.38

"2r

.38

"07

.08

"27

"02

.00

Endocranial height and pharyngeal height had the highest loadings

on Factor 5 and r^/ere the only variables contributing to the factor

varíance to any extent" However, these variables \^rere topographic-

a1ly related by shåring the reference point basion together with

s-ba which had the third highest loading on the factor. R.amus

height and endocranial length had moderate loadings on Factor 5 and

maxillo-alveolar breadth had a coeffi,cient slíghtly higher than the

accepted sígnificance level "

Factor 5 was interpreted as one of general cr:anial height

expressing a source of variation common Eo the brain case, the

adjacent clivus and nasopharynx and, to a lesser e.xtent, the heÍght

of the mandibular ramus, HoweverJ no biologieal explanation can be

offered for the revealed associations between tbe ramus height and

the heights of the endocranium and pharynx"
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Factor 14 Frontal bone size

Variable
Correlation coef f icients

2s 24 a b

25.

24.

f. sinus h

max. f.

1 .7L

.62

.32

.22.46

Two varíables, maximum frontal thickness and frontal sinus height,

had signifícant loadings on this factor which appeared to indicate

the coordination in sagittal and vertical dimensions of the frontal

bone ín the vícinity of the frontal air sinuses. Biologically, it

is reasonable to take this factor as representing the general influence

of sinus development on the morphology of adjacent parts of the

frontal bone. Factor 14 was therefore interpreted as frontal bone

size.

The lack of even a weak association betl^Ieen the frontal bone

factor and other variables emphasised the morphological independence

of this region and furthermore supports the contention of ABBIE (t 52)

and MOSS and YOUNG (t60) that a functíonal correlation between brow

ridging and j aw size is unjustified. The finding, however, does not.

agree with the associatíon between supra-orbital ridging and

mandibular robustness displayed through factor analysis by SCHtrTIIDETZIC

(t59). The frontal bone dimensions in the present study were

measured on sagittal roentgenograms and would províde only a crude

indication of supra-orbíEal ridging.

1
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Factor 3 Craníal base flexion

Variable
Correlation coef f ícienËs

20 30 31 39 a b

20"

30.

31"

39,

I

"23

^t4

n- s-ba

N- SP

ba-pns

z8-zg

1

"4r

"28

"33

1

"79

"22

"4L

.30

85

00

06

00"22 1

Factor 3 was associated most strongly with Lhe angle of cranial

base flexion, n-s-ba" The variabl-es anterior nasal height and naso-

pharyngeal depth also had significant loadings on this factor but

the assocíatíons between the three variables could be anticipated

on Èopographical grounds through the sharing of reference points

nasion and basion. However, the significant loading on Factor 3

f.ox bizygomatic breadth could be taken as evidence of weak bioLogical

coordination beLween the breadth of the upper face and the cranial

base anguLaËion. Skrrlls with f .l-allening of the cranial base wotrld

tend to be broad in the upper facial r:egíon, and have a deeper

nasopharynx.

Factor 3 r¿as ínterpreted as one of cranial base flexíon expressing

a source of variabilíty shared by the cranial base angulation, the

breadth of the upper face and the depth of the nasopharynx. The

association between craníal base angulation and anteríor nasal height

(n-"p) although partly expected on topographical grounds, confirms the

observation of BJöRK ('64b, p10) Lhat cranial base flaLteníng is
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accompanied by marked overdevelopment of the upper face height at

the expense of the posterior face height.

Factor 9 Head balance

Variable
Correl atíon coef f icients
2291831 a b

22.

9.

18.

31.

for. angle

endo. 1

s-ba

ba-pns

1

-.26
.26

.23

1

L4

13

.83

.40

.26

.27

"59

.10

.03

.04

I
25 1

Three variables, foramen angle, posterior cranial base length and

nasopharyngeal depth had significanE loadings on Factor 9 that could

be explained by the sharing of point basion. The variable foramen

angle contributed most to the estimated factor variance. However,

the negative loading for endocranía1 length appeared to represent a

true biological relatíonship between skul1 length and the inclination

of the foramen magnum. Thus, long skulls would tend to be positíoned

upon the cervical column in such a !üay that the inclination of the

foramen magnum to the craníal base would be more acute than in

shorter skulls.

Factor 9 was therefore ínterpreted as one of head balance,

expressing the relatíonship between head length and foramen magnum

incl ination.
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I'actor 4 Anterior cranial base length.

Vari able
Correlation coefficients
1792431 a b

t7"

9"

24"

31.

1

.37

"4L

"37

I

"01

. ï3

"90
.34

"28

"35

"81

.02

.00

"03

ft- s

endo. 1

max" f
ba-pns

1

"22 1

I'actor 4 appeared to indicate a source of variation common to the

lengths of the cranial vault, cranial base and nasopharynx. The

highest coefficient was for anËerior cranial base lengÈh, and the

other signif icant loadings Ì¡/ere for endocranial length, maximum

frontal thickness and nasopharyngeal depth. These associatíons

woul-d be expected as the varí,ab1es spanned adjacent anatomical areas.

The variance of Factor 4 was almost encirely accounLed for by the

contribution from the anterior cranÍal t¡ase Ie_ngth.

The factor \^7as interpreted as one of anterior eranial base length

which expressed eoordínation in the sagittal lengths of the adjacent

areas, the endocranium, cranial- base and nasopharynx. rn contrast

to the findings of sOtohl ('66, pll6) so association betwee_n the

anterior cranial base factor and jaw.tengths was found in the

Australían sample_, even though these variables were signifieantly

cor:related with each othe-r: (Table 14).
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Factor 7 Clivus thickness

Variable 27

Correl ation coef f ícients
18 30 31 49 58 d b

27.

18.

30.

31.

49.

58.

I
.28

.24

.2t

.33
_?)

I
.23

.18

.25

sphen. d

s-ba

n- sP

ba-pns

ramus h

ML/NSt

1

.26

.25

.37

- .07

I
- .03

- .07

I
-.23

.78

.34

"40

.27

.29

.28

.33

.04

.13

.05

.00

.131

This factor had a high loading for sphenoid diameter and moderat.e

loadings for the other varíab1es. Of these, the association with

posterior cranial base length (s-ba) could be expected as the

variables sphen. d and s-ba were measured on a common reference

structure, the clivus of the skull. Sphenoid diameËer contributed

most to the estimated factor variance.

The set of factor coefficients represented a true biological

coordination between the thickness of the clivus, the height of the

nasal caviÈy, depth of the nasopharynx and height of the mandibular

ramus. The negative loading for mandibular base inclination

probably resulted from the inverse relationship between this

variable and ramus height.

Factor 7 was interpreted as one of clivus thickness demonstratÍng

a coordination between the length and thickness of the clivus,

anterior nasal height, nasopharyngeal depth and ramus height. This
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factor bears some resemblanc-e tn the- factor of clivus length reported

by SOLOLI ('66, p116) to t¡e associated with maxillary height and

breadth. It also confirms the view of BJöRK (64b, p34) rhar

development of the upper face and nasopharynx is associated with that

of the cranial base and mandible.

F actor 8 Pharyngeal height

Variabl e
Correl ation coef f i.cients

34 57 b

34. phar. h

57 " NL/NSL

1

23

.37

- "28

.L9

.131

Factor 8 was of little biologic.al interest. f-t was revealed with

signífí.cant loadings on two topr:graphical.l-y related variables,

pharyngeal he-ight and the nasal floor inclination. Its interpreta-

tion as a pharynge.al height fac.tor indieates a morpholo¡5ical

character of the skul1 grclup examined, namely the presence of a sma1l

angle of inclination between the nasal floor and the cranial base in

association wíth a high bony nasoph.arynx.
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Factor 15 Palatal height

Variable
Correl ation coef f ícients
44 37 49 45 b

44.

37.

49.

45.

I
.26

-.L2

.6t

.28

.35

-.31

palate h

n-gn

ramus h

go-go

I
.38

.32

-.22
1

.08 1

.L9

.09

.09

.06

FacÈor 15 appeared to be one of general facial height with Èhe

highest loading and highest variance contribution for the variable

palate height. None of the associations could be expected on

purely topographical grounds and the revealed pattern of loadings

therefore indicates a biological coordination between palatal heíght,

morphological face height and ramus height. The negative loading

for bigoníal diameter suggested an inverse relationshíp beËween

breadth of the lower face and the height of the anterior face,

palate and mandibular ramus.

Factor 6 Infratemporal fossa depth

Variable 9

Correlation co ef f icients
s0 39 48 34 44 38 58a b

9.

50.

39.

48.
34.
44.
38.

58.

endo. 1

infra t.f.d.
zg-zg
ramus b
phar. h

palate h

zm-zm

ML/NSt

1

.33 1

.28 .55 1

.34 .53 .35 1

.09 -.L4 -.16 -.18 1

- .04 - .24 -.05 - .27 .09

.37 .37 .42 .30 -.03
-.L7 -.26 -.2r -.24 .04 1

.4L

.81

.62

.67

-.25
-.23

.40

-.25

.05

.35

.20

.L6

.04

.02

.02

.05

1

.03 1

.27 .02
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Three variables infratemporal fossa depth, bízygonatic breadth and

maxillary breadth spanned the same anatomical region and their high

loadings on !'actor 6 could be expected for this reason. The highest

factor coeffi.cient and the highest contributíon to the factor variance

was for infratemporal fossa depth.. The other significant loadings

could not bei predícLed on Èhe grounds of anatomical proximíty of the

dimensions and therefore probably represent a true biological

coordination.

The pattern of factor loadings indicated an association in size

between anatomical components functionally related to the masticatory

musculaLure. For e-xamp1e, powerfully developed masseter and medial

pterSzgoid muscles would explain high valu-es for upper faci.al breadth

measured ac.ross the zygomatic arch<:s, infratemporal fossa depth and

breadÈh of the mandibular: ramus" The significant loading on Factor

6 for the variable endo. 1 is interesting" This suggested a

biological association between endocranial iength and the mid-facial

breadths so that skulls wel.L devel-oped in zygomatic breadth and ramus

breadth tended to be long ín the cranial vault. other eharacters

found ín conjunction with a high score on tr'aetor 6 íncluded a shallow

pal.ate and nasopharynx all.c a mandi.buLa:: t¡ase more parallel with the

craniai. base line NSt.

F acLc¡r* 6 was interpreted as one, of infr:atemporal fossa depth,

indieative of an assc'¡ciati.on l¡etwe.en the de.velopment of the mastica-

tory muscles and the morphology of adjacent bony str:uctures"
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Factor 13 Nasal heíght

Variable
Correlation coef fícients

30 43 4l a b

30.

43.

4L.

1

.24

.20

1

.25

.34

.22

- .27

.22

.10

.08

n- sp

palate I
ecm-ecm 1

Factor 13 had 1ittle biologícal interest, contributed least to

the total common variance and expressed an association between three

variables íntercorrelated at the fíve per cent level of probability.

It was idenËífied as a nasal height factor posítívely associated with

the height and depth of the nasal cavity and negatively with Ehe

maxillo- alveolar breadth.

Factor 10 Nasal breadth

Variable 28
Correlation coef f ícients

33 11 31 39 38 4L a b

28.

33.

11.

31.

39.

38.

4L.

1

.17

.24

.09

.14

.20

.25

1

"16

"L9

.24

.24

.31

1

.07

.01

.03

.22

1

.22

.15

.28

1

.42

.24

.62

.53

.2r

"22

"29
.38

.51

.20

.10

.03

.04

.05

.07

.15

nasal b

scP- scP

endo. h

ba-pns

zg-zg

zm-zm

ecm-ecm

1

"42 1
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FacÈor 10 revealed a source of variation common to the breadth

dimensions of the nasal, pharyngeal and upper facíaL regions. These

assocíations could be predicted to some extent because the variables

r¿ith the highest factor loadings spanned adjacent anatomical regions.

The variables nasal breadth, nasopharyngeal breadth and maxillo-

alveolar breadth contributed most to the estimated factor variance.

Moderate loadings for the variables endocranial height and naso-

pharyngeal depth \^rere present but no biological explanation for these

associations can be given. Factor 10 was interpreted as a source of

variatíon common to breadths of the nasal, nasopharyngeal and upper

facíal regions, but distinct from the other breadth factors 12 and 6.

Eactor 2 Mandibular length

Variable 47 37
Correl ation coef f icients

43 34 30 38 4152ab

47.

37

43.

34.

30.

38.

4L.

52.

I
.50

.46

.29

.20

.31

.26
¡'t a

1

.43

"26

.53

.27

.39

- .51

1

.11

"24

.37

.25

.06

1

.2I
- .03

.10
10. LL

1

.24

"20

.37

I
.42

- .01

.83

.52

.47

.27

.2I

.26

.24

.24

.36

.24

.02

.00

.01

.02

.02

.18

gn-cd

n-gn

palate 1

phar. h

n- sp

zm-zm

ecm-ecm

s-n-Pg 1

1

-.15
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Eight variables shared a source of common variability indicated

by Eactor 2, although many of these associations could be expected

eiËher through the use of common reference points and reference

structures or because adjacent anatomícal areas were spanned. For

example, the variables mandibular length, morphological face height,

anterior nasal heíght and mandibular prognathism shared one of the

reference points nasion or gnathion in common. In addition,

bizygomatic breadth and maxillo-a1veo1ar breadth v/ere both measures

of upper facial breadth. Only Ëhree variables., mandibular length,

morphological face height and mandibular prognathism contributed to

the estimated factor variance.

Essentially, the factor expressed a coordination in anteríor

faciat heights, mandibular length, palatal and pharyngeal heights

and upper facial breadths. Because tr'actor 2 af.fected variables

measured in several anatomical regions, it was taken to indicate

general coordination in size of the skeletal components of the face.

Factor 1l Facial convexity

Variable
Correl ation coef f icíents

ss 43 37 45 a b

55. n-ss-pg

43. palate 1

37. n-gn

45. go-go

1

-.32
- "34

.11

1

.43

-.04

"62

- "62

- )2

"23

.2L

.4r

- .03

"421

1

-.L2
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Factor 11 expressed variability in the convexity of the facial

profile. The highesË factor loadings and contributÍons to the factor

variance \¡rere for the variables profile angle and palate length.

This relationship could be expected from the anatomical proximity of

the reference points subspinale and orale used in Ëhe determination

of these varíab1es. It was interesting that although the factor

coefficients for profile angle and palate length were equal, the

palate length had the greater variance contribution and was therefore

more important so far as factor score prediction was concerned.

The negative loading on I'actor: 11 for variable n-Bn could be

partly accounted for by the topographical relationship with variable

n-ss-pg" No biological explanation can be offered for the low

positive factor loading for variable go-go.

Fac-tor 11 was inte,rpreterl as one. of facial convexity indicating,

in the main, the relationship between palatal lengËh and the shape of

the facial profile"

Factor 1 Mandibul ar pro gnathi sm

t

Variable 52
Correl ation coef ficients

57 58 20 30 37 55 a b

52"

57.

58.

20.

30.

37"

55"

1

-.64

- .71

- "52
- "37
-.51

"42

1

"27

"25
.64

"44

I
"4L
.29

_.23

1

.53

"20

.84

-.77

-.76
- "49
- .59

- .66

.37

"28
.18

.2I

.01

.13

.19

.01

s-n-Pg

NL/NSt

Mt/NSL

n- s-ba
n- sp

n-gn

n- s s-pg

1

34r

1

"43

.56

.51

.32

"26
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Factor t had the greatest contribution to the common variance

(15.0 per cent) and indicated a high degree of cqordinaËion between

the seven variables concerned. In all instances, however, the

significant correlatíons among the variables could be explained in

part by topographical relationships. Reference line NSL I^/as common

to four variables, reference point nasíon \^/as çommon to al 1-,

reference point gnathion I^7aS common to t\^7o and pogonion was common

to two. The variable s-n-pg contributed most to the estimated

f actor vari-ance.

Even though the associations \^/ere conditioned to some extent by

the topographical situation, the factor is not without ínterest.

It provides further evidence of many craniofacial asgociÊtíons that

have been described previously in other groups (BJöRK, '47i
o

LINDEGARD , '53; BROI,TIN, '65a; ffiI, '65) . If the f actor is taken

as one of mandibular prognathism, the factor loadings Provide an

indication of the cranial characters likely to be found in con-

junction with marked prognafhism. These are: nasal and mandibular

bases more acutely inclined to the cranial base, increased cranial

base flexion, short anterior face heights and reduced facial convexity.

It should be noted that because variable s-n-ss r^las el íminated in

earlier analyses, the present Factor 1 indicates the associations

found ín conjunctíon with high or low mandibular Prognathism. Had

maxillary prognathism been retained as a variable, it would un-

doubtably have appeared with a strong loading on this factor. The

omíssion of s-n-ss also explains the findíng of a positive loading
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for vari-able n-ss*pg whích is a measure of relative prognathism of

the mandible as well as an índication of convexity of the facial

profíle" It is interesting that a prognathism factor appeared in the

factor analyses reported in t-he previous chapter but, in these

instances, wíLh loadíngs on ad<litional variables that were later

el imín ated.

Al.though the revealed ass<¡ciati.ons corrld be partly expected on the

grottnds of topographi.cal re,l.ationships, this does not imply that there

hrere no bíological coordinating mechanisms present.

Factor 1 6 R,amus height

Variable
Correlation coef f ic ients

49 31 45 58 a b

+9 " ramus h

31. ba-pns
t, \
-J. 6t 6v

58. },IT,/NSL

I

-.03
rlQ

*.23

T

1/.-"!+

- .07

"49

- "34

"29
_ "27

.2L

"t2
.05

.15

1

25 I

'Factor l6 had the third lowest contriT¡utic¡n to the total comnon

variance and was de-termined by forrr vari.al¡les among which only two

correlati.on r:oefficients reached sí.gnificance at the five per cent

probahilit-y Level. The faclor appeared to be one of mandit¡ular ramus

heighu l¡rrt lhere was l ittle. erf. biological. interest in the revealed

lgadings scr that the. factor corrld pr:obably be safely disregarded
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without loss of importanE information. To some extent, Factor 16

overlapped the clivus thickness factor number 7, and because of

similarities in the pattern of factor coefficients, most likely

represented a related source of variability.

Variable descriptions

Apart from the possibility of describing factors resultíng from

a factor analysis in terms of the variables examined, it is valid to

reverse the procedure by considering the variables to consíst of con-

tributíons from the common factors and the unique factors concerned

ttrith the varíables in question. In other r^/ords the mathematical

representatíon of a varíable, stated ín Chapter 3 is applied:

"rFl + ^282 + + aF + bUmm

where z ís the variable concerned in standard form, ELTEZ, .... Fm

are the scores on the m common factors aff.ecting z, u!r"2, .... â*

are the factor coefficients and b is the coeffiÊient of U, the

unique factor belonging to z. If the values for Ëhe conmon facÈors

are known, it becomes possible to use the above model to predíct a

variable score for a particular subject" According to the

assumptions stated in Chapter 3, the varíance of variabLe z, can be

partítioned ínto components whose numerical weights are determined by
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the coefficients of the common factors:

2varíancez=l=a
^z

+
1

Variables are often used in anthropometric investigations r^rith

incomplete knornrledge of the sources of variation they represent. rt

may also be difficult to select the most appropriaÈe variables to

indícate a source of variatíon that is to be analysed. For example,

ít might be desired to ínclude a measure of general head breadth in

a battery of varíables. Breadth of the head could be measured in

several regíons; across the craniai vaulÈ, across the zygomatic

arches, across the maxillae or across the mandíble. unless multí-

varíate techniques are applied, it is dífficult to det.ermine if these

varíables represent related or índependent sources of variation and

therefore the most appropriate indicator for general head breadth is

not easíly selec.tecl. one application of factor analysis Ís to throw

light on Èhese problems by disclosing the relatíonships between

varíables and between variables and factors. A varíable that is

determined by several different sources of variation might be con-

sidered lower ín biometric value than one whose variance is deÈermined

at a single source. However, it should be remembered that any factor

soluËíon will be decided by the variables included for analysís and,

to a lesser degree, by the factor method applied. Therefore

generalisatíons should be made with caution.

In the present section an attempt is made to reconsíder the variables

ln the light of the factor fíndings. Figure 12 presents the variable

,2 *b22+
m



VARIABLE EACTOR CONTRIBUTIONS

9 endo. I

l0 endo. b

ll endo. h

24 max.î
20 n-s-ba

22 for. angle

17 n-s

18 s-ba

27 sphen. d

25 f. sinus h

43 palate I

34 phar. h

30 n-sp

3l ba-pns

33 scp-scp

37 n-gn

44 palate h

49 rarnus h

39 zg-zg

50 infra t.f.d.

38 zm-zm

45 go-go

4l ecm-ecm

28 nasal b

48 ramus b

47 gn-cd

52 s-n-pg

55 n-ss-pg

57 NL/NSL
58 ML,/NSL

l-6--T--t.l Contributions to va¡iance by factors shown

Contributions to variance by remaining factors

Residual va¡iance (uniqueness)

t2

4t4

J

9

4

975

IJl22

6s

t64

I

7t55t6

6

ß

2

6t67

FtCUnn l2, Cont¡lbutions of factors to variables in Analysis No. 5
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1ow communalities lndícatíng that Ín each ínstance there lres a fairly

high contribuËio4 to tbe variance from the unique factor specific for

the variable concerned. The variables palate length, anteríor nasal

heíght and morphological face heÍght had high comrnunalities but their

variances were determíned by a group of common factors and, in a sense,

these varíables r^rere more 'rcomplex'r in their structure than those

loaded on slngle conmon factors.

By examÍning the varimax pattern for Analysis 5 (Table 33) Ít is

possible to assess the extent to which different varÍables measured

Èhe same source of variation. variables with sígniffcant roadings

on Factor 1 formed a major group indicating the conmon variation

included ín measures of prognathism, jaw base ÍnclÍnations, facial

heights and cranial base inclinatÍon. rn this ínsÈance, however,

the revealed common variability resulted in large measure from the

topographical situation brought abouÈ by the sharfng of reference

points ancl reterence lines.

Factor 5 varlables Èogether formed another large group expressing

common variation in height dimensions of the endocranium, cranial

base, nasopharynx and mandíbular ramus. The variables concerned

wíth Factor 6 together Índicated a source of variation present in the

breadÈh dimensÍons of the upper face and the breadth of the mandibular

ramus. Factor 10 variables together measured varíatÍon Ín nasal,

nasopharyngeal and upper facÍal breadths but Èhís source of varfatÍon

differed from Factor L2 which expressed skull breadths fn a more
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general \,rray. It is not surprising Ëhat bizygomatíc breadth would

be concerned with the three breadth faetors.

Ana rt from the variable groupíngs referred to, several other sets

of variables, each concerned, with regional sources of varíation in

the skull- group examined, were reveal-ed by the factor results.

Díscussion

The concept that skul1 componerlts are relatível-y independent of

each other in their morphology has been recently restated by MOSS and

YOIING ('60) and MOSS (t62) who suggest that the size and shape of

individual bones of the skull are determined to a great extent by

local- functionaL demands. This view is supported by experímental

work which has demonstrated that interference with normal growth

processes in one region of the skull does not necessarily result in

abnormal growth elsewhere. However, it can be expected that a skull

allowed to grow to normal maturity wíll show some morphological

coordínatíon bet¡¿een its components. This coordination could be

expecÈed as a resulË'o.f geneÈíc influences and environmentál agencíes

affecËíng dífferent skull- reglons'in common. Coordlnations of this

type can be studied by a multivaríate approach to meËríc data

analysis where the varíables are treated collectively rather than

indívidually.
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In the present investÍgation the 30 variables selected for final

analysis represented most of the interesting features of craniofacial

morphology in the skull group examined. Although the maÈerlal was

cross-sectional in nature, the disclosed factors highlíghted the

sources of covaríation and indírectly pointed to coordinating mechan-

Ísms whích ín some ínstances reflected biological influences while in

others were undoubtably topographícal in nature.

The selected variables located factors that fel1 ínto severaL

groups representing covariation in different regions of the skul1.

The factors sígnifÍcantly correlated wíth several variables from

different skul1 regions can be considered rrgeneralrt ín nature in so

far that they express covariatlon in two or more distinct sku1l

regíons. For example, the endocraníal breadth factor was relaÈed to

breadth variation ín the calvarium, across the middle face and between

the angles of the mandíble. on the other hand, some factors had more

resiricted inÍluences and \tlere correiateci with varíab1es measured at

the same or adjacent skull regions. The frontal bone factor provídes

an example of this type of coordinatíon which was considered trlocal'

in nature.

An indication of the overall patterns of covariation ín the Aus-

tralian Aboríginal skull can be gaíned by taking each factor group in

turn.
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Endocraníal factors

The endocranium r^ras represented by three factors designated endo-

cranial breadth, endocranial height and head balance. Although these

factors related to the endocranium in Analysis 5, the earlier factor

analyses showed that they lepresented the same V3ríation sources as

expressed ín the external skul1 dimensions.

The breadth factor (Factor 12) expressed a general coordination Ín

skul1 breadths measured at different regions extending from the

craníal vault to thei lower border of the mandible" Thus ín the

group examined, the upper and lor¿er jaws would tend to be broad or

narror¡r according to the breadth of the calvarium. There hlas al so a

r¡/eak assocíation between this factor and the length of the pal ate.

The endocranial height factor (Factor 5) represented a general

coordination in height of the cranial vau1t, the nasopharynx and

the mandíbular ramus. In addition, the endocranial length and the

breadth of the upper jaw were weakly assocíated with this factor.

The main associat.ion wíth the head balance factor (Factor 9) was for

endocranial length which varied ínversely with the inclination of

the foramen magnum to the cranial base. In a skull with a high

value for cranial length, the foramen magnum Ëended to be positioned

more ventrally in relation to the craníal base Ëhan in one where

cranial length r^/as not so great.

The endocranial factors taken Ëogether revealed the general

assocíations in breadths and heights between Ehe endocranium, the
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nasopharynx and the face and the coordinatíon between skul1 length

and ínclination of the foramen magnum to the cranial base.

Cranial base factors

of the three cranÍal base factors, one (Factor 14) was concerned

$rith dimensíons of the frontal bone ín the anterior region of the

median sagítËal plane. This facÈor was independent of other cranio-

facial variables and was taken as an indicatíon of coordínatíon of

frontal bone dimensions in the vícíníty of the frontal aÍr sínuses.

The second craníal base factor (Factor 4) disclosed a source of

varíatíon in length conmon to the anterior component of the median

cranÍal base, the cranial vault and the adjacent nasopharynx.

However, no facial variables rârere correlated with this factor

suggestíng thaË size of the facial skeleton and sagit,tal clÍmensions

of the craníal base and nasopharynx were largely independent.

Cranial base flexion was concerned with Ëhe thírd facËor of this

group (Factor 3) whích also showed correlations with nasopharyngeal

depth and to a lesser extent ¡¿ith breadËh and height of the upper

face. The associations could be predicted from topographÍcal

relatíonships but gave some índication of a compensatory adjustment

between cranial base flexion and nasopharyngeal depth - an acutely

inclined craníal base being associated wíth a narrovr nasopharynx.
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The cranial base factors demonstrated a coordínation between

dimensions of the cranial base and the adjacent calvarium and

nasopharynx. Apart from the rather low positive relationship

between Factor 3 and upper facial height and breadth, varíations

ín the craníal base were largely independent of varíatíon in linear

facial dimensíons.

Nasopharyngeal f actors

The nasopharyngeal region I^7as represented by Lwo factors, one

for nasopharyngeal height and the other for clivus thickness" The

height factor (Factor 8) showed a negative loading for the nasal line

oríentation but, because the posteríor extremity of the hard palate

\^ras a coÍìmon reference structure for variables pharyngeal height and

nasal f loor ínclination, the relationship r¡/as not unexpected. The

c1ívus thickness factor (Factor 7) was associated with nasal height,

ramus heíght and to a lesser extent with the mandibular base ínclina-

tion and depth of the nasopharynx. In the main, the nasopharyngeal

facÈors expressed a source of variation common to the nasopharynx,

the adjacent nasal cavity and to some extent the mandibular ramus.

Factors of upper facial si-ze

Four factors l^rere concerned wiEh variations in upper faeial

dímensíons and of these Factor 13 contributed least to the cofllmon

variance and was of little bíological interest in the present
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analysis. One factor (Factor 10) exþressed a source of variation in

breadth dimensions common to several upper facía1 variables. This

factor was interpreted as an indication of coordÍnatíon in breadths of

the nasal cavíty, the nasopharynx, the alveolar arches and the

zygomatic arches. Biologically, the factor loadings reveal the

interdependence of nasal and nasopharyngeal dímensions and the effect

of development ín these regíons on adjacent bony structures.

A height factor (Factor 15) was concerned wiËh shared variation in

facial heights, palatal heíght and ramus height and, in addition, r,ìras

negatívely correlated wíth the bigonial breadth. A second breadth

factor (Factor 6) indícated a source of common variation ín facial

breadths that was dífferent in nature to the variation revealed by

Factor 10. Factor 6 represented coordination in dimensions of bony

structures that are associated wiËh the masticatory musculature.

The híghest correlatíons were with ínfratemporal fossa depth and

-^-- 
): L ',1 --- 1---- - IL7,ur¿á.truruur¿1r r.druus Lrrea(tLn, varr-aDIes measur].ng Ene approx1mate E.nlcKness

and breadth of the masseter and medíal pterygoid muscles at their

origíns and ínsertions. other signífícant loadings on this factor

were for breadths of the zygomatíc arches and maxíllae and, to a

lesser extent, f-or endocranial length. Nasopharyngeal heíght,

pafate heighÈ and the mandíbular base ínclination hrere negatívely

correlated with Factor 6. The factor indicated the features that

would be expected in skulls showing a high degree of muscular

deVôlopment, namely, broad zygomatic arches, capacious infratemporal

fossae, broad mandibular rami, a shallow palate and nasopharynx and a
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mandibular base inclined acutely to the cranial base. Factor b

of the present study bears a strong similarity to one of the facial

breadth factors revealed by LAI'IDAUER (r62) ín her factor study of

Egyptian crania.

In summary, the upper facíal factors demonstrated coordínatíon in

breadth and height between comPonents of the upper facial skeleton"

The common variability ín upper facíal breadths appeared to stem

from two distincË sources, one concerned with the development of the

nasal and nasopharyngeal cavities and the other assocíated with the

development of the masticatory musculature.

Factors of lower faciaL síze

Two factors \¡lere associated with 10wer facial dimensions"

Factor 2 was a general length factor with positive loadíngs for

mandibular and palatal lengths, faci-a! and nasopharyngeal heights,

mid-facial breadths and the angle of mandibular prognathism. Many

of the relationships could be predícted from the topographical

associatíons between the variables but, nevertheless, the factor was

taken as an indicator of general coordination in the length, heíght

and breadth dimensions of the facial skeleton.

The second factor of this group (Factor 16) was concerned with

height of the mandibular ramus, but the contributíon of the factor

to the total common variance was low and the loading pattern revealed
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litt1e of biological significance. The lower facíal factors demon-

strated a coordínation in size of the facíal components and a weak

association between ramus height, ramus breadth and nasopharyngeal

depth.

Facía1 profíle factors

The pattern of associatíons concerned with varíations in the shape

of the facial profile vras revealed by two factors. Factor 1 contri-

buted most to the common variance and r¡/as termed mandibular

prognathism. The variables correlated with Factor 1 shared common

reference points or reference lines and for this reason their inter-

correlations vrere partly expected. However, the pattern of factor

loadings provídes a mathematical sunìnary of the morphological

characters expected in skul1s wíth varying degrees of mandíbular

prognathism.

The second profíle factor (Factor 11) was one of profile shape or

facial convexity" A high score on Factor 11 would be expected in

skulls that had low values for palatal length and morphological face

height and a high value for bigonial breadth. skulls of this type

would tend to present a flatter facial profíle, wiÈh a larger angle

n-ss-pg, compared with those showíng opposite characters.

The two profile factors highlighted the associations between

certaín measurable characters of the facial skeleton which, when

combined in various \¡rays, resulted in the types of facíal profile
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indicated by the angles of mandibular prognathism and facial

convexí ty .

IÈ ís difficult and, in many instances, mísleading to make a

comparison between findings of different factor studies. Because

the number of variables and their nature will determíne the common

varíance and íts break-down inEo component factors, close resemblance

between the results of differently designed studies can hardly be

expected. Nevertheless, it was possible to match some of the

factors of this study with those previously disclosed, particularly

by IIOhIELLS ('57), LANDAUER ('62) and S0t0W ('66)" Because of

obvious difficulties referred to above, no precise analysis of factor

congruence has been made; Table 5 summarises previous fíndings from

factor studies of the skull"

In general, factor studies should be designed along simílar lines

and include comparable variables before precise factor comparisons

are attempted. I¡Ihen dissimilar studies are compared, the factor

matching should be carrj-ed out on the basis of overall factor

patterns rather Ehan comparison between isolated factors in separate

studíes. A factor that appears well defined in one study may, on

close ínspection, be recognised within the loading patterns of two or

more factors in a second solution.

For these reasons it is Premature to propose any general prínciples

governing morphological coordination in the human skul1. However,

the findíngs from the several studies nor¡/ reported add confidence to
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the view that factor analysis, by providing a valuable and penetrating

technique in craniometric research and related fíelds, carL be expected

to enjoy more frequent applicatíon when modern computer facilities are

readily available and utilised.



7

MULTIVARIATE ANALYSIS OF THE AUSTRALIAN SKULL

Quantífication of the FacEors

The most common objective of factor analysis is to dísclose

sources of covariation existing among a group of varíables.

Analytic procedures are based on the assumption that the variance

of each variable is determined in part by contributions from a

number of common factors, so-called because they affect more than one

variable of the set, and in part by a specífic variance component not

accounted for by the action of common factors. Demonstration of

common factors is taken as evidence of covariation wi thin smaller

groups of varíables forming sub-seEs of the original set of

variables.

In the past most bíometric applications of factor analysis have

been concerned wíth the estímation of correlations between factors

and varíables and, in the case of oblique models, the correlations

between factors. In these instances the factors remaín somewhat

abstract even though they. may be evaluaËed in qualitative terms on

the basis of their correlations with the variables; at times the

factors may be ídentified wíth biological processes. However, it

is possible to extend the methods of factor analysís to include

quanËíficatíon of the factors by the calculation of scores on each
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common factor for the members of the sample. HOIüELLS (t53), who pro-

vided one of the few examples of factor quantification in biometry,

considered that factor scores \4rere more meaningful in genetic

studies than scores on anthropometric variables.

The calsulatic¡n of factor scores involves no ner4/ assumptions; it

merely gives numerical values to the factors for each individual.

once computed, the factor scores can be regarded as values for a new

set of variables each representing a composite of several related

characters. A factor score consísts of contributions from each of

the original variables; variables that conEribute very little to the

factor variance will have negligible weight on the scores for that

factor 
"

The calculation of factor scores provides further information to

assist in Ehe identification of factors operating r¿ithín a group of

variables. comparison of specimens with different factor scores

presents visual evidence of the factors at work and, moreover, assists

in the assessment of their biological validity" This use of factor

analysis in the present study is simílar to the application of the

method in somaÈotyping where subjects of different body-build are

grouped according to their factorial make-up (TANNER, t64, p377;

HUNT, '52; HAI,IMOND, '57 a) .
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Method

Factor scores r¡rere computed by a short regression method outlined

by HARMÆ{ ('60a, p349) and LAi,rrLEY and MAXIIIELL ('63, P88) . The

mathematical procedures are complex but were rapidly carried out by

digital computer. In the present study the matrix of varimax trans-

formed factor coefficients shown in Table 32 was used. The

computing algorithm is outlined in the following section and gíven

in more detail in Appendix C.

The basic factor equation (see Chapter 3):

z= ulFr * uzB2t aF +bU
mm

can be restated in matrix notation as:

x'=?*Af*u

where x ís

x1s

Ais

f is

uís

the

the

the

the

the

of

of

of

of

of

vec tor

vec to r

matrix

vec tor

vec to r

N deviate scores for one subject,

mean values for N variables,

loadings for N variables on K factors,

K factor scores for one subject,

N residual or uníque components.

The objective is to estimate vector f from the known values of

x, * and A. Normally the vector u is unknorn¡n and the calculation

ís not straightforward as iE is in principal components analysis

r¿here vector u does not exist" The- basic equation for the
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est,imation of a subjectrs score on a single facËor F 1S:
1

rzz2 {Lzrft

ftwhere

bt +b b1l¡'n

is the non-normalised score on Factor 1,

(i = 112r"....N) is the vector of N beta coeffícíents of

estimation for Factor 1,

(i = 1,2,^. "..N) ís the vector of standard deviate scores

on N variables.

Z i.s

b1i

z
l_

This equation can be extended to cater for all factors and in matrix

notation becomes;

F = BZ where F is the mat.ríx of factor scores,

the matríx of estimatíon coeffícíents,

the matrÍx of standard deviate scores.

Bis

Estímation of the matrix of beta coefficients and computation of

the scores for K factors is carried out ín several stages, commencing

with the matrix of factor coefficients.

The vector f- contains Ëhe required scores on K factors for oneI

subject and the calculations are repeated for each subsequent subject

to complete the factor score matrix F " Factor scores computed ín

this way are non-normalised, have zero means and standard devíations

approaching buÈ not reachíng one. rn the present study all factor

scores I^7ere normalísed to a mean value of 50 and a standard deviation
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of 10 according to

l0"ff.
t_

(normal ) 50+ l_

S.
l-

where s. is the standard
l_

deviation of factor i"

This step eliminated negative scores and made comparísons between

subjects more straightforward by taking into account the different

factor variances" The procedure is similar to obtaining standard

deviate scores on anthropometric variables '

once obtained, the entire matrix of likelihood factor scores I¡las

written on magnetic tape and subsequently listed in both normalised

and non-normalised forms together with subject identification' The

computer was then programmed to list the scores in order of magnitude

for each factor so that specimens with high or 1ow scores could be

quickly located.

The computations carríed out. during many stages of the multivariate

analysis involved extensive matrix manipulations with the risk of

lowered arithmetic precision even though eight significant figures

\4/ere retained by the compuËer. As a check on the accuracy of Ëhe

computations, correlations between the factors, as well as the means

and variances of the factor scores were derived" The finding of

zexo correlations among the sixteen 1íkelihood factors confirmed that

the assumption of orthogonality in the factor model had not broken

dov¡n" In addition, the calculated variances of the factor scores

agreed very closely with the estimated variances derived earlier in
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the analysis (see chapter 6). The comparison between the two sets

of factor variances is shown in Table 37 wíth the means, standard

deviations, minima and maxima values of the factor scores. These

checks carried out on the factor scores indicated that no significant

loss of arithmetic accuracy had taken place during the computations,

Selected factor types from the skull sample

Morphological comparisons between skul1s with high and low scores

on a particular factor makes it possible to visualise the faetot fat

more clearly than by an inÈerpretation based on the magnitude of

correlations with a set of variables" rn the present section some

of the sixteen likelihood factors are studied by comparing skulls

with contrast.ing morphology, preference being given to those with

either the highest contributions to the cornmon variance or with

interesting patterns of associations.

In effect, the comparisons match the computed factor solution with

the sample material and provide a method for biological evaluation of

the factors. The validity of factoring techniques may be judged

more effectively on this basis than by the interpretation of a facËor

coefficient matrix.
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Factor I : Mandibular Prognathism

Figure 13

Factor 1 was determined by a group of seven variables sharing

common reference points or reference lines and the associations

expressed by the factor could be partly explaíned on topographical

grounds. The lateral skul1 tracings shown in Figure 13 illustrate

the contrasting craniofacial morphology associated wíth high and low

scores for Factor 1.

Skul1 A22L, wíth the group maximum score of 73.7, shows marked

facial prognathism and low values for variables that \^/ere negatively

correlated with the factor. The nasal floor and mandibular base

are acutely inclined to the cranial base, cranial base flexion is

more pronounced and the nasal and morphological face heights are low

in value. On the other hand specimen 411440, with the group

minimum score of. 2I .O, shor^rs low mandibular prognathism, an obtuse

cranial base angle, marked development of anterior face heights and

greater inclination of the nasal and mandibular bases^

The cranial vault dimensions do not differ greatly in the two

specimens but mandíbular length and palatal length ale gteaLer in

skull Af144O. This suggests that the craníal vault morphology and

absolute jaw size have little relatíon to Ëhe degree of facial

prognathism in the group under study. The marked contrast in facial

characters of the two specimens is indicative of quite differenÈ
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mandibular gro\^/th patterns, skulL Az2I showing the result of anterior

rotation of the mandible, and skurl ALL44} the result of posterior

rotation" The term rotation is applied in the sense explained by

BJöRK ('55a; '64b, p18), who used metallic implants to investigate

mandibular growth patEerns and discussed the relation between anterior

and posterior facial heights ancl the type of mandibular growth.

Factor 2 : Mandibular length

Figure L4

The morphology associated with different ratings of Factor 2, which

vüas interpreted as one of mandibular: length, is illustrated by the

lateral skull tracings shown in Figure 14" specimen A1152g had the

group maximum score of 72"1 and specímen A25439 the group minimum of

24"8.

Morphological diffe.rerì.ces in the two skulls are most evident in the

values for the two variabres most strongly correlated with Factor 2,

that is total mandibular length and morphological face height.

Palatal length, nasopharyngeal height and the angle of mandibular

prognathism are greater in skul1 411528" However, the variable

s-n-pg had a low loading of 0"24 on I'actor 2 suggesting that no grear

association existed between mandibular prognathism and the mandibular

length factor"

Although there are marked differences in facial size between the

two specimens, the cranial vault and cranial base are similar both in
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Factor 4 : AnterÍor cranial base length

Fígure L6

Factor 4 was assocíated with four variablesr î-s, endo. 1, max" f.

and ba-pns, of which n-s contributed most Ëo the factor variance"

During interpretation the signs of the factor coefficients r^/ere

reversed so thaË specimen A25422, with a factor score of 72.2, shows

low values for the variables while specimen A99, wíth a factor score

of. 24.L, shows opposite trends.

Figure 16 illustrates the contrasting features of the two

specimens. Skull 499 shows marked development in endocranial length,

ín depth of the nasopharynx and in facial depth; in skull A25422

these dimensions are much smaller. The comparison also shows that

anteríor cranial base lengths differ, but the posterior segnent from

sella to basíon has almost the same length in both specimens.

The factor appears to operate in the region of the anterior cranial

base and the adjacent nasopharynx" Although the illustrations reveal

marked dÍfferences ín the skeletal structures of the face, no

relation beËween the facial varíables and Factor 4 was índicated by

the pattern of loadings for the factor. The differences can be

explained by the specimensr scores on other faetors assocíated with

the facíal skeleton.



72.2

A 25422

499

a44.
cln

24.1

Hcunn 16. F¡ctor 4.



fr A 25557

CN

A u436

76.6

24.O

fl

Flcunn 17. Factor 5.



-Ls4-

Factor 6 Infratemporal fossa depth

Figures 18-19

skulls with the group maximum and minimum scores on Factor 6 are

compared by lateral and frontal roentgenogram tracings shown in

Figures 18 and 19. The differences are parLicularly striking in the

varíables most strongly correlated with the factor, that is infra

t.f .d. s zg-z4s ramus b and zm-zm.

specimen 437, with a factor score of.83.4, is generally larger in

facial breadth dimensions and in breadth of the mandíbular ramus than

specimen A25422 with a score of. 29"9. cranial heights and breadths

of the two specímens differ very little but the endocraníum is con-

siderably shorter in skull A25422, demonstrating Ëhe association

between the variable endo. 1 and Factor 6.

rn skull A37 the zygomatic arches are well developed and extend

iaÈeraiiy past rhe region of maximum cranial vault convexity. The

mandibular ramus is broad, the palate low and the mandíbular base is

ínclÍned acutely to the cranial base. These characters suggest that

the masËicatory musculature \4ras well developed in this skull" rn

contrast, skull A25422 shows a type of morphology consistent with

reduced muscularity. Factor 6, therefore, represented covaríatíon

in structures anatomÍcally associated with the jaw musculature.
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Factor9:Headbal-ance

Figure 20

Tracings of specimens 411438 and AlI454t whích had the grouP

maximum and minimum scores on Factor 9 of 80.1 and 25.7, are shown

in Figure 20. Because sign reversal of the factor coefficíents was

carríed out during interpretatíon, the characters assocíated wíth the

factor are more pronounced in the specimen with the minimum score.

The princípal characters found in conjunction wíth a low computed

factor score r,ìrere a short cranial vault, an obtuse foramen angle, a

long posterior cranial base s,egment and a deep nasopharynx. .The

varíables for. angle and endo. 1 differ greaÈly in the two skulls

compared. The more acute fo,ramen angle in specimen 411438 ís

accompanied by greater development ín the occipital segment of the

cranial vault bringing Èhe po,sterior margin of the foramen magnum

into a more inferior and ventraL position. This development is at,

the expense of nasopharyngeal depth and the posterior cranial base

which is shorter than ít is ín specimen 411454.
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Factor 10 : Nasal breadth

Figure 2I

Factor 10 was interpreted as representing coordinatíon in several

mid-facial breadth dimensions. variables with the híghest loadings

for the factor were nasal b, scp-scp, ecm-ecm, zm-zm anð. zg-zg; those

contributíng most to the variance of the factor \^7ere nasal b, ecm-ecm

and scp-scp.

Fígure 21 shows postero-anterior tracings for skul1s 4851 and

A25449 which had factor scores or. 72.4 and 25,2 respectively. The

marked development ín breadth of the míd-facial structures is clearly

demonsLrated in the tracing of 4851. rn this specimen the nasal

cavity, nasopharynx, zygomat.ic arches and upper dental arcade are

much broader than they are in A25449 
"

ït is ínteresting, however, that cranial breadth was less in skul1

485-I <iemonstrating inciependence of the head breadth Factor 12 and the

facial breadth Factor 10. Moreover, specimen A25449 with the group

minimum score for Factor 10, had an above-average score of 57.3 for

Factor 6, the factor ínterpreted as infratemporal fossa depth. These

observations lend weight to the view that the Ëhree breadth factors 6,

10 and 12 influence breadth dimensions of the skull- but ín dífferent

ways and independenÈly of each other.
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Factor 12 :'Endocranial breadth

Figure 22

Postero-anteríor tracíngs of the skulls wíth maximum and minimum

scores on FacLor L2 are shown in Figure 22. The three variables

most strongLy correlated with Factor 12 were endo. b, zg-zg and go-go,

the first of which contributed most to the factor varíance" Because

the signs of the factor coefficíents \¡Iere reversed during ínter-

prelation the characters assocíated with Factor 12 ate most Pronounced

in skull A25526 with the minimum score of 30.5" In contrast skull

4,3080 had a factor score of.79"8, three standard deviatíons above

the adjusted mean of 50.0.

Morphologically, the two skul1s shovr contrasting features.

Specimen A25526 is broad ín the craníal vault and has high values

for the varíables bizygomatic breadÈh and bigonial breadth whí1e the

opposite characters are displayed by specimen 43080" It is

interesting that the zygomatíc arches in A25526 do not project

laEerally pasË the cranial vault as they do in 43080" The

variable bizygomatic breadth appears to be determined ín part by the

action of Factor 12 and ín part by agencies acting 1oca1Ly on the

arches. Factor L2 reveals a general coordination ín breadths of

the craníal vault, upper face and mandíble.
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Factor 14 : Front.al bone síze

Figure 23

sagittal tracíngs of the frontal regions of skulls with high and

low scores for Fact.or L4 are shown in Figure 23. The highest scores

for the group were found ín skrrlls 4905, 4115 and 411419 with values

or. 74.9, 73.4 and 71.0 respectively. Lowest factor scores for the

group were found in skulls 43080, A97 and 41036 with scores of 3r"9,

32"5 and 33.4 respectively.

Two variables contributed to the varj.ance of Factor L4, f. sínus h

and max. f. The scores on the factor effectively discriminated between

two skull types on the basis of the magnitudes of the variables

associated with the factor. rt is obvious from the illustrations

that the roentgenographic morphology of the frontal bone ín the

median plane is determined to a great extent by the dimensions of the

f rnn l- a1 -i -" - aI^"^.,^- +L ^ ^-- ,--E - - -' ¡rvwevEr , Lrrc vu LEr sur riick: or LIte rronE.ar Done dogs

not always reflect the magnitude of the underlying cavity. skull

A1 15 had th'e second highest score for Factor 14 and yet the outer

surface of the fronEal bone was flat compared wíth the other specimens

regardless of theit f.actor scores.
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Summary

For the final stage of the multivariate analysis of craniofacial

associations in the Australian Aboriginal sku11, factor scores v/ere

calculated for each of the 100 specimens included in the study"

Although Èhe numerical values of the scores had little meaning when

consídered alone, they provided a useful basis for the comparison of

skulls with contrasting morphology" In the present study the

associations between craniofacial variables were explained by 16

common factors computed by the maximum likelihood method of Lawley.

A restriction of orthogonality was placed on the factors which

therefore remained completely independent of each other throughout

the various analytic stages. Comparison of sku1ls with different

scores for a factor allowed the factor Lo be visualÍ-ced, its

interpretation validated and its biological signifícance assessed.

Ten of the factors r^/ere treated in this way.

Although the estimation of factor scores has selclom been carried

out in anthropometric studies, it would seem that this extension of

factor analysis is worthwhile" TTre naLure of factors can be readily

understood when contrasting morphological types are compared on the

basis of their factor scores. Moreover, the scores can be treated

as values of a ne-w set of variables and subjected to further analysis.

It has been suggested that factor scores may be more useful than

direct anthropometric observations in genetic studies" In this regard
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ít would be interesting to apply the methods outlined in this section

Èo a group of Aboriginal subjects for whom genealogies had been

collected; the trrlailbrí Aboriginals of Central AusÈralia constítute

such a group.



GENERAL DISCUSSION AND SIJMMARY

The investigation was undertaken to provide information on the

patterns of covariation ín measurable characters of the Australian

Aboriginal skuL1. I'actor analysis, one of several multívariate

techniques, I^IaS used as the central method of data reduction to

disclose sources of coordination within the craniofacial components.

The findings supplemenE the information gained from previous des-

criptíve studies of this ethnic group and contribute to the general

understanding of variations in human head-form"

Standardised lateral and postero-anterior roentgenograms I^7ere

obtained from 100 Australian Aboriginal skulls selected fr:om the

collection housed in the South Australian Museum, Adelaideì The

skulls v/ere adult and sexed as male, the sex ratíngs being checked

by comparison with those derived by previous \^Torkers who had

examined the post-cranial skeletons of the same specímens. Age

records I^Iere not available but it. is reasonably certain that most

specimens date from the period prior to the. European settlement of

Australia" The skulls originated from several different regions of

the continent but \^7ere grouped together for the multivariate

analyses.
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rnitialry 77 linear and angular variables were selected to

rePresent the craniofacial characters that would contribute most to a

study of morphological coordination. The variables included measures

of the sagittal endocranial curvatures, general cranial form, the size

and shape of the cranial base, nasopharyngeal size and sLze and shape

of the facial skeleton. Measurements were obtaíned either directly

from the skulls or indirectly from the roentgenograms and in the

latter case compensation r¿as made for differential enlargement of the

image.

A comparison of direct and indirect determinations of selected

variables showed that the discrepancies between determj-nations were

smal1 if landmarks could be easily recognised on the roentgenograms.

However, the use of landmarks difficult to locate precisely on

roentgenograms gave rise to errors of significant magnitude. The

direct measurement technique r^ras used for preference whenever measure-

ments could be obtained ín either way.

Before commencing the multivariate analysis a descriptive

statístical survey was carried out on the observations. Mean values

of the linear variables v/ere very similar to those reported in

previous craniometríc studies of the Aboriginal skul1 but were

generally smaller than the corresponding values derived from a

roentgenographic study of lrlailbri Aboriginals living under settlement

conditions in Central Australia. Additional research is requíred to

ascertain if the differences arose from post-mortem shrinkage of the
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sku1ls alone or whether they indicated differences between tribal

groups or changes in head-form that have taken place since the time

changíng food patterns.of European contact and the adoption of

In order to throw líght on the nature of regional variations in

head-form, a comparison I^ras made between L2 skul1s from Melville

Island and the north coast and the remainder in the sample, most of

whích originated from the southern regions of the continent. The

main differences between the groups h/ere confined to the cranial

vault which was smaller in length and breadth but greater in height

in the northern specimens which therefore presented a more globular

cranial form. The endocranial contour in the basal region \¡las more

convex in the northern skul1s but there were few sígnificant

dif f erences bet\^/een the two groups in f acial varíables.

The distributions of the 59 variables selected for the multi-

variate analysís r¡/ere examined by computing estimates for the para-

meters of ske¡,rness and kurtosis. Eleven variables showed

significant departures from normality at the one or five per cent

probability levels and although skewness to the right was the most

common finding, there appeared to be no set pattern in the disclosed

departures. An understanding of the distribution forms of cranio-

metric variables must await the presentation of statistics for many

other groups.

the multivariate analysis \^Ias concerned withThe first stage of

the identifícation of sources of specious associatíons among the 59



-r64-

varíables. The term specious was used to describe a correlatíon

betr¡een two variables that could be partly explained and to a certain

extent predicted on a non-biological basis. Specious assocíations

r^rere presented when two variables shared coÍrmon reference poínts,

reference lines or anatomical strucËures, when variables shared

comrìlol-t corìtporìerìts, for example índices, and when variables overlapped

each other by spanning the same or adjacent anatomical regions.

Recognition of these sources of association is important ín roent-

genographic analyses where it is usual to employ linear and angular

variables that are defined from a number of common reference points.

Assocíatíons of this type have been given special attention by SOLOhI

( '66) .

correlations between the variables r^/ere examined by using Ëhe

technique of factor analysis which seeks to explain the shared

varíance present in a set of varíables in Eerms of common factors

affecting more than one variable and unique factors, affectíng síngle

variables. Five sequential'factor analyses r¡/ere carried out and the

revealed patterns of association \¡/ere examíned at each stage. This

procedure permitted some experimental control over the variables and

provided a guíde to the elimination of variables duplicating the

information contained in others.

The most precise factoring method is the Lawley maximum likelihood

estimatíon which is an iterative procedure leading to convergence of

the factor loadings to stable values. This method was used for the

first and last analyses when a high level of mathematical precisíon
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rnras desirable but the simpler principal factor technique was applied

for the intermediate analyses T¡/hen factor interpretation \^/as the prime

objective. To assist in factor interpretaËion all ínítial solutions

were subjected to orthogonal transformation by the Kaiser varimax

metho d.

In order to give substance to the factors disclosed in the final

analysís, f.acEor scores v/ere computed for all skulls in the sample.

Specimens with high and 1ow scores for a factor \,üere then compared.

Thís extension of the factor technique allowed the factors to be

visualised by highlighting the contrasting morphological characters

displayed by skulls placed at Ehe extremes of the range of scores

f.or a factor"

For the final analysis, 30 variables \nlere retaineC rrom the

original 59 to represent most of the interesting features of cranio-

facial morphology in the Australian Aboriginal. The derived factors

hrere taken as indications of sources of variability common to groups

of varíables. A1 though 16 common f actors \^rere retaíned, not al 1 of

these \¡rere of major importance and this number could probably have

been reduced by tr^ro or three without destroying the mathematical

precision of the solution"

It appeared that coordination between the craniofacial components

could be either general or local in character. General facËors

represented sources of variabílity shared by two or more distinct

regíons of the sku1l, for example between cranial vault variables
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and facial variables. Local factors, however, r^rere more restricted

ín their effect and were determined by two or more variables from the

same or, ín some instances, adjacent anatomical regíons"

The general factors \^/ere concerned with the various breadth and

height dimensions or the skull and with the size of the facial-

skeleton. Of these, the factors indicating breadth coordination were

particularly ínteresting" One breadth factor (Factor 12) was concerned

with breadths of the endocranium, zygomaLic arches and the mandible

measured at the gonial angles. The dimensions concerned were all

measured in approximately the same plane and although some correlation

between them could be expected for this reason, the facËor indicated

coordination in breadths of the cranial vault, upper face and mandible

in the coronal plane.

Breadths of tl're facial skeleton were determlned by the operation

of two additional factors., one expressing coordination in nasa1,

nasopharyngeal and upper facial breadths and the other demonstrating

the coordination in size of facíal components that are conjointly

influenced in morphology by the development of the masticatory

musculature" The nasal breadth factor (Factor 10) was correlated

wíth nasal and nasopharyngeal breadths and with upper alveolar arch

and facial breadths. These dimensions v/ere measured in adjacent

planes and the factor can be taken as evidence of coordination in

facial and nasopharyngeal breadths in the transverse plane. There

\¡ras no assocíation with either cranial or mandibular breadths.
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The third breadth factor (Factor 6) was determined by the depth of

the infratemporal fossa, breadths of the upper face measured in the

zygomatic region and mandibular ramus breadth. The factor appeared

to indicate quite definitely the effect of differenË degrees of

muscular development on adjacent bony morphology. Endocranial

length r^7as positively assocíated with this f actor.

There \¡/as some índication of coordination in heights of the

endocranium, nasopharynx and mandibular ramus as expressed by the

endocraníat height factor which I^7as also correlated positively with

endocraníal length. A second height factor revealed arì. assocíation

between height dimensions of the sphenoid bone, nasal cavity and

mandibular ramus. The factor of mandibular length indirectly

indicated the conjoint variation in lengths of the mandíble and

palate, breadth of the upper face and heights of the face and naso-

pharynx. This factor could be taken as evidence of a general

coordination in the size of several facial components "

From the patterns of loadings on the general factors it is

reasonable to conclude that Ehe craniofacial characters in the sku1l

group studied r¡ere determined t.o a large extent by the interaction of

factors índicating the developmental state of the endocranium (brain),

nasopharynx, nasal cavity and masticatory musculature. There was

strong evidence of coordination in various skul1 breadth dímensions"

A moderate degree of coordination exísted in heíght dimensions but

there was 1ittle índication of close associations between the depth
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dimensions of the cranial vault and facial skeleton although r¿ithin

the facíal skeleton the linear variables sho\,ùect some concomítant

variatíon. These findings offer an explanation for the clinical

observation that dental malocclusions arising from a disparity in

jaw relationships are more prevalent ín the sagittal plane than ín

the coronal.

Apart from the general factors referred to, several factors

indícated covaríation in local regions of the skull" There \^ras a

fairly close association between Ehe length of the skul1 and the

posítion of the foramen magnum in relation to the cranial base, the

foramen being situated more ventrally with an increase in cranial

length. A local factor accounted for the concomítance in thíckness

of the frontal bone and height of the frontal air sinus in the

anterior sagittal plane" Itrithin the cranial base region there were

two coordinating mechanisms, one concerned with lengths of the base,

the endocranium and the nasopharynx, and the other expressing a

close relationship between nasopharyngeal depth and the angle of

cranial base flexion. The thickness of the sphenoíd bone also

varied conjoíntly with the height of the upper face and mandibular

ramus.

ItIíthin the facía1 skeleton one local factor indícated a relation-

shíp between heights of the palate an$ mandibular ramus and two were

concerned wíth the facial profile. The profile factors disclosed

the morphological characters associated with different profile shapes
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as measured by the angles of mandibular prognathism and facial

convexi ty.

There is no doubt that many sígnificant factor loadings arose

from,the presence of a number of specious correlations between the

varíables. In the present analysis almost half of the variables

were eliminated in the earlier stages with a consequent reduction in

the number of speciously related variables. However, specíous

associations are informative in so far as they disclose the extent

and direction of intracranial relationships even though this

information can sometimes be predict.ed without resort to mathematícal

analysís. In many instances it was difficult to interpret specious

correlatíons because they could have arisen from a combínation of

biological and non-bíological coordination.

Evidence of biological coordination was disclosed by the factor

analysis but it was thought unjustified to identify the factors with

specific biological processes" Although components of the skull

r¡rere not independent in theír morphology, many associations revealed

in the study vrere confined to anatomically or functionally related

structures; these associations could sometimes be considered as

indications of compensatory adjustments that had taken place during

growth of the components concerned" There was, however, evídence

of more general coordinatíng mechanisms, particularly in breadth

dímensions measured in the coronal and transverse planes. It would

be reasonable to conclude that the development of the sku1l as a
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whole is a highly integrated process and that while each component

has a certain measure of independence, associations between function-

ally related regíons exist. The identification of causative agents

underlying any revealed coordinations is beyond the scope of factor

analysís and must be left to other techniques, for example, experi-

mental biology and genetics.

The present use of factor analysís is seen as an extension of

prevtious factor studies of the human skull and supports the view that

Èhe method ís a useful tool in crani.ometric research" By treating

varíables collectíve1y the method explores the sources of covariation

between them more objectively than is possible with conventional

statistical techniques. rn this way factor analysís brings an

entirely ne\¡r approach to the study of craniofacial variation. rn

particular, the estímation of factor scores appears to be a worth-

while extension of the method in so far that it provides a basis for
more penetrating studies aimed to separate the genetic, environmental

and functional determinants of cranial morphology. Research along

these línes will be continued in a group of central Australian

Aboríginals for whom longitudinal growth data and genealogies are

available.
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APPENDIX A

skul1s íncluded in the study wÍth south Australian Museum catalogue
numbers shor¡n

SOUTH AUSTRALIA

437
42
66
77
97
9B
99

101
L02
106
tL4
115
LL7
L25
r26
L29
242
306
450
480
481
569
7t9
777
799
847
989

10 36
1 081
307 5
3077

11418
rt423
IT436
1 1438
TT44O
11515

Swanport
Swanport
Swanport
Swanport
Swanport
Swanport
SwanporÈ
Swanport
Swanport
Swanport
Swanport
Swanport
Swanport
Swanport
Swanport
Swanport
Míngbool
Mypolonga
Coorong
Swanport
Swanport
Coorong
Ardro s san
Robe
Meningie
Cournamony
Morgan
Ardro s san
I,r/a11aroo
Glenelg
Glenelg
Swanport
Innamíncka
Tailem Bend
Salt Creek
Oodnadatta
Myponga

A 1 1518
tL526
11528
L+5ú
11536
T3T67
t3t7r
L4474
1s5s 0
155s3
rs554
15 5s5
t5557
1 6505
16518
T6527
L6524
20583
20s84
20587
20589
2059t
20596
20606
206]-5
206L9
20629
206s4
25437
25438
2s449
2545s
2550L
25526
25553
25557

Port, Lincoln
Cape Jervis
Torrens Island
Coorong
Coffín Bay
Meningie
Coorong
Adel aide
Hardwicke Bay
Fulham
Fulham
Fulham
Fulham
Alawoona
Port Adelaide
Mílang
trrlallaroo
Corny Poi.nt
Lake Albert
Fulham
Fulham
trrlal l aroo
Allandale
Renmark
Ardrossan
Moorook
Coorong
Locality unknovør
Streaky Bay
Coorong
Coorong
Umberatana
Coorong
Lake Albert
Milang
Morgan
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IdESTERN AUSTRALIA

A 838
L3L96
25422

I.íEzroy River
Derby
Cygnet Bay

A 25425
25564

Cygnet Bay
Eucl a

NEhl SOUTIT I/ÍALES

A

A 16868 Echuca

VICTORIA

NORTHERN TERRITORY

Moorna
Silverton

Melville Island
Boroloola
Tennant Creek
llermirnnsburg
Hermannsburg
Charlotte tr'Iaters
Adelaide, River

905
994

Lake Victoria
Lake VícÈoria

A LL454
254s6

A 220
22L
222
851-

853
3080

TL419
LT420

A L32

Melvil1e
MelvíL 1e
MelviLle
Melvi1le
Melvil1e
Melvil 1e
Melvil Le
MelvÍ11-e

I sland
Island
I s1 and
I s1 and
Island
Island
Island
I sl-and

A LT434
LT455
L3t44
20L04
20105
25426
2s429

A LL4I6

LOCALITY NOT KNOI{N
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15.

L6.

17.

18.

I9

20

2L.

22.
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24.

25.

26.

27.

28.
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30. Analysis 4 - interpretat.ion of common facEors Page

31. Analysis I . frequencies of factor coeffícienÈs

according to value

32. Analysis 5 - varimax solution

33. Analysis 5 - símplified varímax solution

34. Analysis 5 - percentege contríbutions of factors to

common variance

35. Analysis 5 - contributions of varíables to estimated

factor variances

36. Analysis 5 - ínterpretation of common facÈors

37. Descriptive statistics for the likelihood factor scores

202

203

204

205

206

207

208

209



lA8LL lr. coRHLLIIIOñ COh.FFICtENTS

v¡xlÂdLt ¿ 3 4 5 6 7 6 9 l0 lt L2 tJ ¡ô ¡5 16

I lrl5aL chr)ku
¿ HASAL J NUI-- Å

J ¡-d-C
a É R0ñ | aL ChuRr I

5 I RtrN I AL I r{rrt X

I . Utt t2 I -cua c27
.¿ t l.0u -.01 . .03

-.u+ -.f)l I.00 -.¿0
.¿t .03 -.20 l.0o
.lrl .I)¿ -.Jð .17

.10 .tI .ll -.25 .3ó -.07 .35

.12 -.00 -.05 -.tl -.0+ -.t9 - .13
-.38 -.20 .?6 olJ -o07 -o0l .+¡
.l.t '-.3J .12 -.38 .52 o0J .3ó

I.r,0,-.ll .ol ¡05 .05 -.00 .03

It ¡8 t9 20

.22 . ¡5 .2ð .rt .0. . lð

.01 -o23 .3? .00 .07 -o05.2A .¡0 -.2ð -.t5 008 .05.33 .0ö .?3 ¡2ó -¡0e .la
o09 -.05 ¡0o .01 ¡0t -¡lZ

¡21 -.0ð
-.08 -.19
-¡00 -¡00
.4J .05

-o 02 .0r

-o20
-. l7

.19
o03

-o?ó

I
?
3
I
5

6 ¡t-c-t, .ll -.ur¡ -.du
/ P^HlÈtAL (,hutstJ .l/ -.1)5 .26
b PAxILtAL lilutr -.¿l -.ll .IJ
9 LNI-)O. L .Jö -.0{ -.Ol

I0 tNr.ro. r{ -.0t -.19 -.01

-.J3 -. I ¡ l.0u -.0¡ -¡ll
.Lz .s¡ .-.ù+ l.oo _.ll

-.3rJ ..05 -.ll -.tl 1.00
.5? .u5 .33 o7 r -¡3ó
.03 -.00 .07 .tiJ -.05

.33 .07 -rt5 .3?

.ll .lE .tr .ó0
-.J6 -¡o5 .0ö -o?2
1.00 . t5 .21 ot7
.15 I.o0 .07 .oa

.09 -.19 .ll -.0¿ .13

.?+ .33 .21 .01 .19
-¡0r .01 -.0ð -.0¿ -.10
.¿l .33 .¿6 . 15 .3t
.92 .12 -.08 -.05 -.1ó

.00 .¡9 .?0

.30 .30 ¡ 05

.20 -.02 -¡ l7
¡ló .39 .17.ll .00 o05

tl
l¿
IJ
l4
l5

.Jó .u3

. ¡.3 -. ()2

.05 . u4

.33 .09

.08 -ru5

.a{ ,.0ô

.ô0 -.??

.2a -.04

.33 .0 t

.?t -.08

.21 .or

.t7 r08

.2t .e2

.J3 .tz

.?6 -oOtJ

.25 .0Ë
1.00 . l.
.l+ 1.00
.J3 .¿0
r44 -.0t

o0ó oèo .2I
.t{ . 15 .5..

-.0ó -.10 -.17
.12 .07 . l{

lo0O -.J5 ¡6.

.39 .21 -o?ð

. t2 .50 .16

.10 -.00 .09

.ló oló -.07

.02 .52 .l+

tl
t2
l3
t{
¡5

ó
f
6
9

¡0

¿l
?¿
?3
2+
¿5

LNr_rO. t-i

tì-t lP
LU-L rJ

Pf)- v
N-C f rl

L I rr-5

5-hA
lv-BA

^r-5-riA

t Jrt-5-lrA
F oR. ar,r6Lt
xlìr. I
f..A^. I
F . 5l rtt,s h

F. SINUS r'
SPhLN. U
NAsAL. È'

S5-Ptr s
N-5P

.i5 "lJ .+l

.21 -.otl -¡0r.r
-.Uå -.19 -.(i0

.¿¿ . r)$ .2¡t

.lr -.lJ .lu

-.2r -.ll
-. | {l _. ()a
-.0ì .o¿
-.04 -. u ¡
-¡u+ .l?

-.¿ð .¿3 .uó -.02
-.15 .¿6 .()l .lJ.0ó -.09 ¡ U¿r .00.05 .12 -.r2 .le.te ¡0J -o¿ó .¿0

-.t5
.3¿
.u9

". l9
.lt

1.00
.?5
.08
o5 I
.06

.33

.20
I .00
.l¿

.57

I

{
O)

I
¡6
t7
lð
t9
¿0

.?'t .3¿

.41 .()t)

. {r4 .01

.ìf. -.r)5
-.2v -.l l

.0 ¡ -.02

.te -.I0.3u .20

.3u -.02

.05 -.I7

.15 -.05 .¿o

.J7 -.16 .21

.l{ .tI .39

.39 .00 .¿1

.17 e n5 -¡2it

. l9 -.?0

.ôó -o 06

.59 -.07

.00 ¡ 36

.36 I.00

ló
¡t
l8
l9
¿0

.15 -.lt .07 -.35 l.ur,r .q¿ o02

.5ó -o I / . Ia ¡öt .{2 1.00 .04

.¡e .t0 .Ió .0¿ .0¿ .0r 1.00
o50 -.0(l . ¡ó .52 . 19 .66 .59
.Id r09 -.gl .l+ -.20 -.Us -.07

¿l
¿z
¿3
¿1
¿5

¡è4 .uJ -.3. .lt .00 -.t3
.¿¿ -.¿3 -.r0 .uJ -.2¡ .¿0
.¿I .05 -.25 -'.09 .of .ol
.3¿ -.92 -.¿3 -.0r .01 -.0a.15 .ot -.zf .0t .06 -.06

.08 ¡tt2 -rlô .15 .(, I .0t
-.26 -.1¿ .13 -.Io -.t6 -.0ó
.03 -.29 .?2 .?i> -.2a .tt
.01 -.2a .23 .J0 -o2t .05
.0+ -.la .ll .rl -.15 .10

.08 -. Iô -.uö -. I I

.01 -.0¿ .01 .?6

.¿l .ol .3ð .lI

.J7 .0t .4I .lJ
ol0 .00 .lt .19

.28 .79

.¿3 .17

.3ó -.1¿

.3{ -.15

.3a .0¿

.30 -.01

.20 -. te

. t4 -.1.

.33 .17

.ô8 .tl

¿6
¿l
¿tt
¿9

.0ñ .15 .¿l -.04 -.¿l .00

.0r -.04 -.IJ -.¡2 .t3 .15
"¿l .?0 .0J .03 -.r)/ -.1.

-.0rr -.0d -.15 .06 ¡ut .¿U-.12 -.0ó .0J -.05 -.lA .15

.05 -r03

.le -.09

.05 . (,ó

.¡ó -.?3

.ll -.I2

.08
-.03

.¿5

.10

.00

.0b

.0'¿

.25

.10

.¡J

.lJ

.lò

.09

.01

.lJ

.15

.13

.30

.l r

.?f

.28

.18

.06
c26

.00 -.17 .tB ¡0/ -.2J .08
.tó -.01 .l+ .¡+ .0ó

-¡10 o24 -.01 -.12 .08
.15 -.10 .35 .15 -¡02¡ol -¡0{ .15 .0¿ .Og

26
¿l
28
?9l0
JO

VALUL (,F
VALUL OF

A COI{RI.LAT¡ON COÉ.FF ICIENT DIFFER¡NG f XOII ¿ET'O A1

^ 
CORRLLATION COLFÉIcIËr{I D¡FFERIN9 FRoil ¿ËIIO AT

P¡
P¡

.05 IS 0.197

.0I ¡5 0.25t



TABLL l4o co¡lxt'LAIIoN COI'Ff IclENrS

Y¡RIA}'LT l¿J.50789l0ltl2lJlÔ15lólrl819z'0

3l
J¿
3J
J.
35

.ó
tI
{ó
a9
50

5l
52
53
5.
55

Jô S-Pil vLk I .
!I t!-tN
Ji' I Â- ¿t4

3Y I to'¿e
40 HAss. B

.+ ¡ t Cñ-LCÈr

.¿ PaLA lc ñ
43 PALAIL L
{{ PALAIL h

.5 (rO-bt|

tt A -Prì J
I Pn-PNs
5CP-sCP
PHAR. h
S-Pñ rr( )l¿ .

bN-cü
Xl'rU5 rt
XAñlU5'|t
lNlRa f .l'.'.'

\-'!-S 5

S-r.¡-PH
S-l{ - I l,
N-55-P (r

.tt .0u .14

.03 .uJ .l¡

.I{ .lt, .ll
-¡0J .0e -.02
r00 -.06 -.05

.36

.20

.l t

.25

.04

.37 .ll

.ll -.01

.¿8 .19

.10 -.05

.00 .0¿

rl
.¿
{J
4a
e5

.0a -.¡9 .t? -.07 -.15 .10 .15 .03

.u-l -.¿ô -.02 -.09 -.t2 .?l .?J -.03
¡un .t0 .07 -¡0t .u5 .ll .01 .'lE
.06 .0¿ .05 ¡I0 .lò -.13 .19 -¡03
.2"¡ .(r. -.Jl .12 .d3 -.09 -.0J .05

. l3 -.00

.26 .0J

.05 .le

.09 .l{

.02 -.21

.07
-.08

o lô
.38
.08

.15

.la

.o¿

.0ú

.Jt

. ¡0

.0,

.0i

.01

.08

.0E .01

.2¿ . l0

.35 .16

.è9 .a¿

.¡l -.1.

.07

.15

.07

.¡r,r

.20

.0ó .01
rlr -o0J
.ll .ll
.u3 .lt
.02 .lJ

.0,

.0J

.t9

.09

.lt

o36
.31
.13
.19
.08

. l6 -.2'l

.37 .?9

.?5 . 16
o 30 .3J
.19. .19

.2J -.05 .06 .30
13+ .00 -.00 .J0
.09 .l¿ o?0 .OZ
o0l .15 .21 -.05
.0ó -.1ö . l¿ .13

of? .?5 .5? .26
.39 .18 .l? .2'c
¡0J ¡lf .12 -.02
¡02 .35 .09 -.27
.3b -o09 -.10 -.56

J¡
J2
33
JI
35

J6
J7
38
39
a0

-¡tl^ .ltlJ .09 -¡24 .la
-.1¡ -.15 .lu .02 -.18

.¡ 1 -.r¡a -o19 .¿0 .ut
-.sr -¡sð -rUl .ll -.0¡
.0õ .u0 .05 .03 -.u9

.0. .?I .07 -.Ùl .nl

.0, .15 .02 .la o08

.lb .Zl -.1. .37 .2è

.?9 .le -.02 .¿â .3ô

.0J -.ot .29 .03 -.12

.u.r -.JU -.0u . t0 -.u l .05

.un -.1)6 -.01 -.00 -.dr -.0ð
-.ltJ -.0/ .0f -.0f -.lJ .25

¡oe .t. .tl -.4j5 -.ll -.1¿
-.0r, -.1)ô -.0õ .01 .Ul .09

-.rr9 -.(¡5 .¡t -.Ù2 -.10 .O¿
-.0 / -. t6 . ¡J .ott -.'J9 -.0J
.ot -.s9 -o(ri .20 -.u¡ . tJ
.la -.01 -.U¿ .¿f o04 -¡U9

-¡olr -¡lJ -.ll .tó .ul .I5

-.It -.tI -.t{ -.1ö r16 .0t
.01 ¡04 -.¡u -.0. .15 -.01

-.¡t -.t)/ -.lr -.09 .20 -.01
-.oe -.0¿ -.09 -.I3 .l5 '.0r

.l I .¿t) .05 .1. -.1] -.?l

.¡5 -.00 .¡9 .15 .¿¿ .¿O .1{r .¡7

.0t r00 -.94 .oJ .l / -.0o .05 .U7

.19 -.0 I .¿2 .¡¿ -.t¡c .J¿ .3u .00

.0o -.00 -.0ó -.t0 .15 -.0J -.10 .13

.lð -.¿9 ot5 e.ll -o0ó .Ùl .J9 -.13
I

\¡\¡
I

.?1

.t9

.ltr

.09

.'¿ I

.t2
-. 0¡
-o0l
-.l¿
-.lJ

.ló

.lö

.3ó

.19

.J3

.19 .tl
¡0{ .19
.¡l -o03

-.01 .J5
. l0 -.05

.2b

.3d
¡20
.J0

.1, .lE c?J

.04 .t7 .2ô

.0? -.0f . l5

. (r4 .31 ¡ 05

.20 .0E -o(r6

.15

.04

.0v

.Iö

.15

.¿9 .16

.?¿ .2¿

.2+ -.03

.¿u .37

.0 t .09

.22

.23 -.

.15 .

. i(,) 26 -.0. {6
¡?
16
.9
50

.26 -. 00
t?
30
l3

¡ tr -¡05 .0{ .25 -.Uò ¡0¡+
. I { -.01 .01 . l5 .0ó -.01
.u6 .03 -.0? .18 -.0 t '.o?
.10 .0. -.04 ¡lô -o0õ -¡Uö
.04 .0ó -.02 -. l2 .2{) -.0J

.¿t -.01 -.05 -.t0 -.II .0¡ -.25

.1, .0? -.0ó .0ó .0¿ .01 -.?5

.l t -.OZ -.1õ -.0J -.¿2 .0f -¡3Ô

.l{ -.t0 -.1¿ -.01 -.lZ -.02 -¡33
-.tu -.01 .05 olo .21 -.02 o03

-.3 t
-.52
-. 38
-. t6
-.23

rl
5¿
53
5ô
55

5ó ll'l-f t t)-trl{
5 I trL /N5L
5ti '{L/NSL59 NL/r{L

.lr' .l.i -.t¡5 -.I+
-.uá -. I I .05 .0ó
-.0ri -.tr4 .¡4 -.10
-¡rle .o¿ .I2 -.14

-.13 -.lrE -.Ut
-.0ô ¡01 -¡02
-.02 -.0. -. 12
.01 -.01 '.L¿

-.19 -.t8 -.?9 -.01 5Ó

-.0I -.02 .?l .5ô 5l
-.e0 -.0f -.0{ .?l 5t
-.2¿ -.06 -.ZO -.03 59

.u2 _.uJ
-.1¿ .0ð
-.12 -.0J
-. (, I -.09

-. l3 .09 -.¿t -¡n9 -ol¡ -rZd -¡06
-.0¿ -.LZ .{¡7 .09 -.12 .00 .05
-.I2 .19 -.I7 -.02 -o0ó -.15 -.03
-. l-J .27 -.¿. -.08 ¡0? -r!7 -o0ö

VALUL OÉ A CUHH¿LAfION CULfFICTLNI U¡FFLHINb ÉXOÎíI ¿tXO
VALUL UF A CORXLLAI¡UÑ CULIFTCTENf UIFFERIN$ FROñ ¿EHO

AT
lt

Pr
P:

.05 ls 0.197

.ol ls 0.251



VAR IAFLT

I A d L L I 4. C O Iì R ¿ L A T I O N C O L F F I C I E N T S

¿t 2¿ ¿3 ?4 ¿5 ¿6 2t 28 ¿g 30 31 3? 33 34 35 Jô 37 38 39 40

I
¿
_l

4

5

õA5AL CdUF I,'

r.a5aL I Nt)t ¡
A-tJ-c
I l.lt)t!l r¡L Ch(rtst,
l¡1,)lt¡luu l¡,rrrr

-"¿5 -. t0 -.05 -.04 -.rt4 .{Jö .0J .¿I -.00 -.t¿ .04 .0J .00-"J/ -.04 .02 -.ql .tZ .15 -.0. .20 -.08 -.0ó -.19 -.?6 .lu
"¿c .¿¿ .¿t .J¿ .15 .21 -.I.j .03 -.15 .03 .!¿ -.(rz .0t
"0 r -.¿J .05 -.(J2 .ul -.04 -.t¿ .03 .06 -.n5 -¡07 -o09 -o0/-.Je -.10 -.¿5 -.2J -.¿3 -.2¡ .ll -.0r .07 -.1¿ -.t5 -.it¿ .05

"l I .u3 -.u9 -.04 .Ut .00 .I5 -.14 .20
.utt -.¿3 .Ol .t)¡ .(,6 .05 .14 .05 .¡ó-" l. .¿t) .Ui -.04 -.t6 .-.03 -.0e .06 -.¿3.Ùi'.¿6 .0,ì .01 .04 .00 .0ð -.03 .25.u/ -.t¿ -.ze -.¿4 -.t4 -.t7 .16 -.t0 .15

-.0 ¿ .24 -.10 -.04 .0 t -.08
.I{. -.01 .15 .15 .23 .:t4
.14 -.12 .15 .02 -.05 .00
.0b .08 -.02 .0ð .06 -.00.uð -.02 .¿5 .ì0 .J0 "30

.06 .¿5 -.0ô -.t3 .tJ -.00 .0ó

.02 .04 ¡0U -¡ I5 -.08 -.08 .00

.05 -.31 .0e .10 -rl9 -o0l .05.I0 .L¿ -.¿1 .02 .20 .ll .03

.ló .?3 .¡4 -.IE r0t -o0{ -.09

I
¿
3
4
5

.t5

.lI
-.1¿
.I0
.ô4

.I0

.I5

.0J

.t3
-.00

.?l

.¿-J
-. 03

.¿6
o0J

.lI -.I3 -.09 ro4

.t)l .19 -.03 .zt

.ld -.03 .05 .u7

.05 .09 .0¿ -.0I

.12 .t4 -.¿I .01

.04 rl6 o?0 .0J

.15 ,21 .19 -.07

.0¿ -.I4 -,02 .?9

.t{ .37 .28 .0J

.06 a2? .3ó -. t 2

ó
7
I
9

IO

L NUt). ri
G-r lP
Lt'.L U

P0-V
nt-L f n

-.lF
.la

.ot

.0,1

.tJ .'¿¿
-.1 0 .¿6
-.)6 -.¿É
-. rìr .l I

.r, I .¿l

.¿3 .I I

.30 .t I
-. ¿4 -. l5

.05 . I l,

.31 . l0

.Ið

.0/
".2)

.0ð

.00

.10

.08

.0I

.07

.0õ

.01

.2¿

.10

.15

.14

.03

.35

.t8

.01

.Il

.01 .08
,?9 .ll
.42 -.14
. l0 .20
.03 .02

II
T2
¡3
IE
t5

lô
I7
1¡t
l9
¿0

l- Ilr-\
¡!- 5

.Uft .lJ .lJ

.tt .lJ .15

.r9 .¿l .2é

.34 .J0 .'lo

.o¿ -.u/ -.Iy

.o I

.17

.26
r4tl
.41

.15

.31

.¿5

.52

.2tJ

.tl

.19

.I3

.25

.16

.lI

.09
o l9
.30
.33

.13

.lI

.06

. ¡9

.19

ló
l7
l8
I9
¿0

6 ñ-C-U
/ PARIr JÂL
u eAr{It-|AL
9 LNIJ(). L

I () LNliÙ. H

t I 'r-\-H A

I oR. rn'61 ¿
HI'\. I
ÞrA,(. l-

F. 5l^J|JS ts

¿6 l. . 5l r\U5 h

¿l SPFrt-ñ. U

¿é rrA5AL¡ h
¿9 5S-PrrS
30 N-SP

( h()k I

.l ,,ll[-_ ¡

t
¿

J

5

.¡6 .36 .08

.0Y .04 . u6

. t2 . I5 -.18

.20 .2I .12

.02 -.05 .IJ I

\¡
æ
I

-.16 -.{)¿ .0/ .01
-.uh .uI .3n .41
-.Il .¿6 .Il .13
./.\ .¿3 .3.{ .J4
.t'r .t7 -.1- -.Ib

.14 -.16 -.{Jt .07

. l0 -.25 -.0e -.08

.46 .(,ó .12 .ù2

.a0 .la .l¿ .05

.80 .lJ .¿3 -.0a

.14 .0¿ .08 .3I .01 -.0J

. jl9 .0J .0¿ . Jð .0 / .0J

.IE .l{ .35 -.09 .3ô .JI

.41 .I2 .09 -.t0 .lô .JI

.2,+ -. o¿ -.27 -.56 -.21 .29

.05 IS 0.19t

.01 Is 0.257

.32 .0e .2t .ZI

.lô -.I2 -.08 .21

.le -.0¿ -.lt .0t

.I0 -.tl .00 -.02

.2.9 .04 ¡ 06 .08

.lr,

.13

.láJ

. t-
-. I4

.09

.30

.08

.33

. t7

¿T
¿.¿
.,J
?4
¿5

t.titJ
.lr

. t.,

.15
l.0lJ
.lI
.¿0
.l¿

.Id

.ll
l.u0
.19
.5I

.09

. ¿.0
o l9

1.00
.46

.19

.I2

.51

.'rb
l.uo

.J6

.16

.la

.05

.?0

.2b

.23

. T¿I

.22

.tI

.20

.0É,

.lu

.lõ

.09

-.09
-.0¿

.01
-¡0?
.I8

-.15 -..+9 -.17
-.0ô =.I9 -.(Jl
.0ó .I0 .15
.10 .0/ .¿L
.05 -.17 .07

¿t
¿2
¿3
¿4
¿5

.lc .10
-. 1É' -. ¿5
-.ll¡l -.09

. t, / -. l)tl

.3t, .lb

.0ó

. L2
¡I)2
.I.r

.+0

.14

.Ll

.05

.05

.ð(.)

.lJ

.¿3
-.u4

.¿0

r.o0
.¿4
. ,0

-.lt)
.I8

.2t
l.0tJ
.1I
.17
. -èa

.J0

.¡l
I.00
.0ó
.05

-.lo
.I7
.0ó

1.00
.Jt

.18 .10

.2a .21

.05 .09

.3t -.0I
1.00 .¿3

¡04 .?4 .13
.¿6 . lJ .07
.0/ ¡17 -.01
.¡J -.0¿ -.02
.24 .09 .21

. te .25

.43 .lu

.09 -.03

.Iu .08
o J5 .5J

.03 -.01 .08

.08 .15 -.04

.20 .14 -.0'¿

.35 c24 .03

.?4 .14 .03

26
¿l
¿a
¿9
JO

-.¿0
.lö

..U¿
.0{

-. J6

VALUL UF A COFRLLATIcIN coETF IcTENT DIFFLIIING FI.iOiI
VALUL OF A CORRLLATICIN COLIÉ ICII,NT IJIFFÉ.RI^¡b FROM

ATP=
ATP=

¿ERO
¿LRO



JAbLL 14 CURRÈL A T I ON COt.f F I C I Ë.I\ T S

¿r ¿¿ ¿3 ¿4 t5 ¿ö ?l ¿6 ¿g i0 JI 3¿ 3J 34 35 3ö 31 38 39 40
v ax I ¡lÚLt

JI
l2
3J
J4
l5

.13

. rlõ
-.t)¿
-.(ìô

.lv

.t) |
¡ Ub
.Ilt

.¿¿ .Il

.Ió ¡rr9
-.02 .18
.l'0 .r,5
.t)l',ll

.lu

.04

.¿4

.13
' .'¿ tt

.Èd
l.0u

¡ 09
.0d
.¿1

.le

.u9
l.0u

-.01 .¿¿
.08 .¿tt

-. 15 -. U6

1.00 .01
.07 1.00

.¿ó

.34

.12

.5t

.IJ

.21

.le

.15

. ¿(.
-.¿ I

.'¿9

.¡b

.05
-. l4

.o¿

JI
J¿
JJ
J4
35

nA-P¡r5

5cP-5UP
PHAK. h
S-Prt rr{lH.

S-Pr,a vL'{ I .

I M- lPl
/ \:- lb
Ma55. h

LCÈi-t CF'

PALA I L B
PALAIL L
PALAIL H

('ti-bU

rrN -C t)
kAFlU5 H

KAùU> H

llllHA I.l .r,.

.?.r .09 -.01 .2J 1.00

.Z,b .01 .13 .24 .ötl

.IJ .17 -.02 .fì9 .19

.0/ -.uI -.02 .21 -.01

.lþ -.uZ .0¿ -..t¿, .?2
-. l5
-.0ö

. t5 .22

.23 .U5

.?4 .¿4
-.0J -.16
-.1¿ -.21

l6
3l
36
t9
40

.u/ .19 .4J .09

.¿9 .?-5 .Iu -.ÛJ
t')4 .ùJ .lJ.J .¿0
¡r|6 -.0I .15 .14
.rl8 .0ó -.04 -.02

.18

.0¡

.J5

.¿4

. 0:l

.15

.5J

.2a

.14

.03

.¿6

.¿t

.15

.¿?

.29

.34

.19

. ¿-)

.¿5

.t8

.l¿

.15

.?+

.?4

.05

.5I .lJ

.¿b -.¿l
-.03 -.I¿
-. lö -.¿l
-. 14 .0¿

I .0u
.Ie
o 0o
.o¿

-.0ð

.Ie
I.oû
.?l
.09
.Ib

.06

.¿l
1.00

.4¿

.08

.0¿

.09

.4¿
I .00
.?5

-. 0B

.lð

.08

.25
I.00

.20

.i¿

.?-4
¡01
.0b

.JI

.t /

.II
-. 0I
.Iu

.4¿ .¿4 .ll

.ld .10 -.03

.37 .¿2 .ló

.03 -.05 .?0

. l9 o 3ti -.80

4I
42
4J
44
45

cl
4¿
4-l

+5

.10 .tl9 .13

.l¿ .r)4 .10

.0ì .r,6 -.0i

.il .15 .ld

.Ù¿ -.tr4 -.lJtt

.I/ .¿5 .14

.0J .JJ .01

.15 -.1,4 .57

.oó .ìe -.17

.IJ .ll .13

-.t¡ -.rr I .15 .¿l
.Jt .lb .IY .Ifl
.ili -.1¿ -.01 -.ll
.¿1 -.ur, -.lt .0ll
.¿t .¿l .0r -.Ù2

.lr .t)t .ll

.t¡l -o1,5 .Uó

.1.' -'U/ -.UU

.01 .r)) .I¿
-.{)¡/ -.15 -.U5

.¿rJ .le

.0/ .01

.: J J¿

.01 -.r,6
-.t4 -.u¿

.10 -.lI .0õ .Je

.05 -.03 .0/ -.05

.ll -.u2 oè5 .4J

.09 -.Ua -.02 .Jö

.04 -ol5 ¡09 -.Il

J6
JI
JB
J9
40

5l
>¿
)J
)4
55

I

{
(o

I
{b
4l
4ti
49 -. I ',.l )

.15

.¿5

.Jt

.0I

.¿?

.28

.J0

.10

.¿8

. Ju

.J0
r3+
. 0.r
.¿¿

.0¡

.l¡

.0/

.l2
-.01

.+u

.4J

.04

.¿J

.i0

.¿9

.5U

.0J

.¿6

.0ð

.¿4

.-ìl

.J0

. ¿t)

.3t

.¿¿

. t6

.35

.15

.55

.¿J

.06

.15

.0¿

. (t6

46
4f
4d
49
50

5
tì

l¿
t)

.¿l .t? .lt'l .¿L .()b

.¿2 .t2 .07 .I¿ -.nl

.ùÉ, .r)2 -.|J5 -.0/ -.14

.¿1 .¿? .31 .33 .¿¿

.0{l -.trl -.1J6 .lc -.(,7

.ll .¿l

.20 .¿6

.0 I .29

.t8 -.0J

.il lb

.0e .25

.o I .¿9

.0J -.16

.0{ . J0

.0¿| -.I4
5tl

5I
>¿
)3
54
55

\-\-Pu
5-N-y H

,!-5S-/b

5tt
5l
5ri
59

-.-J\ -.¿6 -.ll -.15'.¿2 -.¿3
-.{/) -. J5 -.{J2 .04 -.¿(l -.19
-.f4 -.¿0 -.14 -.\)ð'.¿¿ -.¿tJ
-.4c -.¿9 -.01'.05 -.¿I -.¿3
-.ix -.1¿ .¿u .2.1 .II .I¿

.41 -.2s .oq .¿ ' -.oJ . I I

.16 -.1/ - u0 .I0 -.0b .12

.20 -.)t .13 .¿J .0¿ .16

.18 -.lrl .05 .I6 -oo¿ .09
-.J0 -.20 -.06 -.I4 -.'Je -.05

.¿¿ .09

.?9 -.r)J

.z¿ -.05

.25 -.0 ¡

.o | .0¿

.44

.51

.52

.54

.09

.¿ó

.Jr

.3¿

.3¿

.0J

.08

.06

.0¿

.01

.02

-. 1ð
-,2a

.0¿
-. l5
-.lt¡

-.?b . t4
-.51 -. 0l
-.Ib .07
-.J5 .03
-.J.r -.15

AR- | urt-(ri.l
I L/r\\L
p,L/N5L
l,L / HL

.l /

.0¿

-.(,/
.¿0
.tl

-.It¡ -.J4 -.¿3 -.2i| -.2b -.00 -.I0 -.10 -'¿o -'¿¿
-.05 -.l6 .lU .lJl -.I¿ -.l3 .06 .5I -'0J -.tZ
-.00 -.17 .u6 .0J -.32 -.t)l -.17 .25 -'0/ -'15
.03 -.09 .rrl .04'.2/ .Ùi, -.20 -.00 -'0/ -'10

.0¿ -.06 . ¡3 -. I /

.oð -.2J -.52 -.$J

.lJ .04 -.J¿ -.1ð

.II ¡19 -¡u5 .05

.t¿ -. oJ -.33 -. l¿

.3¿ .lJ .05 -.0¿

.64 .O¿ -.2L .IJ

.5J -¡\)¿ -.¿(t .lô

5ó
5l
5ti
59

vALUt. UI A C()RRLLA f I()N CULI. I ICILNI
VALUL 0þ A COIifiLLAfION LOLTFICILNT

DlfFLRltrtu
UIFF¿l'llr¡b

F i(OM

F HOf'l
ILRO AT

¿LRO AT

.05 I5 0.19/

.0I l5 ().251
P=
P=



IAbLh l+ CORRTLA T I ON COEF F I C ¡ EI{Ì S

vaRIAhLL 4t 1¿ rJ 14 15 +0 11 4E {9 S0 bl 5A 5J

¡ trÂ5AL CH(l)<t)
¿ BA5AL INI'LI
3 a-É-C
{ I Rurr I aL Ch\,Ftr
5 F tltJN I aL I rJtJL \

.fltr -r03 .99 -,.96 _.09
-.0tr -rUl .11 -.9¡, -.(r5
-.ul .0.i .lI -.ue .t¡
-.00 -.(r/ -.05 r04 -¡02
-.0{l -.lJ -.1ì .ùl -.t0

.25 -. 1¿ ¡ rr9

.19 .06 .ltì
-.07 -.00 -.¿9
.¿¿ -.01 .15
.J2 -.t0 .J4

.14 -.05 -.tr¡ .ot -.ll
-.01 -.I3 -.lt .ur -.01
-.02 -.t¡ -.1{ -.t0 -.t¡.21 .ló -.16 -¡0t -o09.0r .07 . ¡,8 .15 .2ù

5. 55 5ô 57 5E 59

-¡09 o13 .lU -.0å -.0g -.04-.02 .20 .lJ -.ll -.0t .Oe
-o09 ¡05 -.05 .05 .lr ¡lz-.13 ol4 -.¡¡ .Oô -.10 -oll.15 -.13 .oè -ole -.1¿ -.03

-.Jù
-.07
-. 1ó
.l-i
.0rr

-¡09

.01
-.09
-.04

.¿o

I
?
3
t
5

.ì I

-.ul

6 |\-C-LJ .0\ -.ort
I PAt¿ I ¡_ | ,tL L rrL)tit I . l: . {J I
I PARITIAL ll,rJl-¡ -.ur' .U6
9 l_NuU. L .I¡ -.rtr

lu ÈNUU. Fr .lì .03

-.21 -.0J .06
o ll4 -. I J -.0¿
.0ö o09 -¡lZ

-o02 -.zl .gt
-. 12 -.09 .09

-.03
-. t2

.19
-. l7
-.02

-.09
-. l3
.2f

- o2l
-.08

¡r
¡¿
IJ
l¡+
l5

tNoo. H

b-0P
t rJ-Err
P0- v
l.¡-E I rl

.17

.J0

.Il

.lð

.23

.le -.03

.?Ò .-t8

.0b .02

.l/ -.04

.?6 . ¡5

o0ô -.0 /
-. 0l -.0¿
.17 .t/
o0Z -.0?

-¡06 -rl6

-.06 . ¿0
-.95 -.0J
.l{ -¡10

-.10 -¡01
-.1¿ .05

-. ¡+ -. l¿
-.2ð .00
-.0ð ,05
-.lJ -.0¡r
- o 0ð r 0¡r

-.0ó .0¿
-.15 -.17
-.03 -¡08
-.02 .01
-.0ó -.07

ll
t2
l3
l.
l5

.02 -.0.r . tJ

.21 .19 .IH

.lZ -ooa -¡03

.lô .lõ .J1

.19 .0¡+ .0J

-.09 .t5 .o/ -.ol -ool -.0.
.09 .23 .1. .t. .ob .t0

-.12 -.lJ -.05 -.01 .0J c0{
?19 o33 .0¡r .01 -o0? -o0l-.01 .10 .¿5 .t5 .tð .tó

Õ

7
I
9

l0

ló
¡7
lð
l9
20

?T
?¿
23
21
25

È frr-5
n¡- 5
S-¡lA
lr-tlA

2l t- I |r-S-HA
2¿ FOk. aNbLL
¿3 .{IN. r
¿1 .,tA Á. I
25 r. 5lNlrs h

26 f . 5lNr,5 h
2l $Ptlf r''¡. U

?6 NASAL. n
?9 SS-PNs
30 N-sP

.¿¿ .1 7 -.0o . I5 -.uô

.2tt -.9. .37 -.0J .Al

.14 .u5 .30 -.10 .19

.)t .ul .0u .t3 -.13

.lt .(.)-, .l{ -.t)3 .r)0

.li .{)l .12

.Urr -.ù5 -.(,)¿

.ll .oiJ -.0u

.lu .l¿ .01

.Ut) .{)¡+ .(16

.J5 -.05 -.0ô

.2o .lo .o+

.04 .2O .-¿ I

.31 ¡o8 -¡0a

.05 -.oö -.05

.Jl -.oö -.23

.J3 .t+ .?¿

.¿? -.o/ .0'9

.10 .?6 ..1

.18 .lJ -.Zc

I

Øo
I

¡6
t7
Iii
l9
¿0

.r¡'J .r)3

.l¿. .lt

.Jà .¿t)

.-¿tt .17

.lt -.0/

.I(¡ .09 -.t.t6 .15 o0+ .09 .lf).ll -.ù2 -.u5 .¿9 .?? .¿-4 .¿0

. I a .¿5 .04 . tó .?¿ -.03 .J7.26 . t0 ¡u0 .26 .2ô .¿¿ .23.IY -.05 .u¿ -.0r -.0{) .17 -.iO

-.10
-.ll

.04
-.25
-. tl

¡0ð -r0J
.o? -o2è
o 0l .03

-.25 -.J*
-.5¿ -.3d

-.01 .16
-. I¿ .21
-. (r? -.0¿
-.33 .03
-¡óô -r23

-. l2
-.¿2
-.0ó
-. ¿0
-. 03

.0J

.05

. t2.¡t

.15

.ul

.¿5

.u6
rttf
.il4

-.UJ -.02
.0¿ .05
.1 5 .25
.¿t .?2
.I¿ ,t2

.06 -.10 .10

.0ó j.l2 -.0ö

.01 .31 .0I

.Uó .27 .o0

.02 .22 -.¡3

-.35
- .2É,
-.tl
-.05
-.?¿

-. aÓ

-. J5
-.0?
.0{

-. ¿0

-.3.
-o?U
-. 1Ô
-.0ð
-.¿¿

¡ Ó{ .?1 .02
.20 ¡20 . Il

-.05 -.00 .03
-.Iò -.17 -¡09
.10 .06 ¡01

.15

.0I

.09

.15

.t3

-.0t -.02 -.1?
-.le -.0¡ -.20
-.¡d -.0¿ -.07
-.?9 .2f -.o1
-.01 .5ô .2f

-.4t -o l6
-.29 -. l2
-.0 | .20
-.05 .21
-.zt .It

-.Lt
-.01
-. I6
-.34
-. ¿J

.lJ

.l /

.¿\

.14
t dt,

.lð .ot

.¿t .l¿

.06 -. (,t /

.?¿ .¿ùt

.13 .20

V ALUL
VALUL

.10 -.UL. ltt -.r¡n

.0J .¡5 .08 .ll

.JJ -.04 .19 .tt

.01 .5t -.¡7 .l_1

.0¿ .?1 .0 t . r,6

.05

.0¿

.I4

.30

.01

-.lv -.20 -.2f .¡¿ -.¿8 .(.)I .03
.¿9 .2¿ .¿5 .07 -.¿ð -.I¿ -.3¿

-.1)J -.05 -.0t .02 -.0u -.IJ -.01
.rô .20 .¡E -.J0 -. tu .06 -.t I-.31 -.3/ -.38 -r20 -o l0 .5I .?S

.04
-.¿7

. (rð
-.20

26
2l
2ó
?e
30-o00

UF A CURRII-ATIoN COLIFIcILNI
UI A COFRLLATIoÑ COLFFIcIENT

OIFFLHINb FROM IIRO A

D¡FFLRITO THOI IëHO A
lP¡
IP=

.05 ¡s 0.Ie/

.01 l5 0.¿5l



TABLL 14 COHRLLAT TON COLf F T C IENIS

vaRIAnLI 41 1¿ 43 44 ¡r5 46 41 4ð 49 50 5t 5¿ 5J 54 55 5ô 5f 58 59

3l
3¿
3J
:l ¡.

.ì5

.27

. J0

.09

.25

.0¡

J6
JI
3ö
39
¡+0

.0fr

.Jv

.24

.tI

.r)/
-.u5
.lt,
.10

-.0J

..)0

.29

.¿4

.2¿

.¿3

.43

.50

.3I

.16

.06

.04

.03
,J0
.35
r ì5

.¿3

.26

.¿0

.I5

.02

n¡_prr5
I Pn-Prr$
sCP-sCP
P¡IAH. H

S-PM r-roH.

5-Pi.t vhRI.
t\ - (JN

ltl- ¿i+
lrr- ¿\t
M455. Fi

LCrr-LCM
PALA IL Iì
PALAIL L
PALAIÈ H

110-G(J

GN-CU
RATqUS h
t<Ar"1U5 rl
INÞRA T.I.U

5-r\- 5 5
s-,',¡-Pu
5-t ¡-P r(

5-'.t- ¡,.,

^l- 5S- P (,

.I5

.¿t

.lE

.I¡r

. (19

.l / .14

.2¿ . I I

.?e . 14

.29 . I4

. (.)6 -.04

.¿'l .07 .¿3 .01 -.t4

.I'¿ .0I .3¿ -.06 -.oz

.3r .lt .rt -.01 .10

.lr, .05 .lI .09 ¡rt4
-.tI -.r)J -.01 -.u4 -.15

.¿5 -.02 0 u9

.4J .3ð -o I2

.31 .03 .19

.2? -.05 .38

.lð .20 -.ð0

o26 .29 -.03 .16 .0+ -.00
.3U .3rr -.04 .2¿ .20 . l0
.07 .03 .04 .04 -.03 -.u6
.2e -.IrJ .J0 -.14 .¡I .I¿
.¡7 .07 .12 -.01 o44 .53

. lJ .05 -.08 -.20 -o 03 -.07 -.07

.ZJ .18 -.14 -,?2 -¡12 -¡15 -.10
o02 -.02 -.09 .0¿ .08 .I3 .ll
.lb ¡09 -¡05 -.0ó -.23 o04 .19
.5¿ .54 .09 .lJ -.52 -o32 -o05

3¡
3¿
3J
34
35

36
3l
38
39
40

4t
,+¿

ô3
44
45

5l
5¿
5J
54
55

56
5l
56
59

4¡
4¿
.+3

44
e5

I.0rl
.69
.¿\
.¿l
¡ il+

.'¿6

.0'.
¡4t:
.Itr
o 0a

.0J
-. l8

.¿3
-.¿ |

.07

.69 .¿5 .¿l ¡ u4 .25
l.o0 -.{JU .If .r.)9 .ld
-.00 I.00 .l2 -.()4 .35
.l/ .l¿ 1.00 -.22 .18
.()9 -.0.r -.¿2 1.00 -.0ö

.I0 .?8 ¡J4 .3¿ .32 .03 -.1 I -¡+3 -.18 .05

.n8 -.26 -o5l -oIb -.35 -.34 .l¿ .3¿ .Íte .53

.37 .t4 -.0t .0f o03 -o15 -.0J .13 .02 -.02

.55 .08 .08 .O¿ .01 .02 -.JJ r05 -o2¡ -.25
orì8 -¡ltJ -.24 .0¿ -.15 -.10'.I¿ -.O¿ .13 .Ió

.3? .05 -.02 -.I5 .03 -.15 -.ZJ -.10 .lJ .15 .12

.19 -.16 .0I .0ö -.0I -.0ð e09 -.Il -.05 -.08 -.03

.14 .2i .30 .0ò .{0 .24 -.J2 .01 -.01 . I I .13

.J? -.24 -o2J -.20 -.0J -.1ó -.03 .14 .00 ,21 .31

.08 .26 .-12 .¿8 -.0U .15 .Il -.09 .0ô -.25 -.32

I

@

I

¡a6

4f
oU
49
50

.t\ .l¿r

.èo .04

.0J -.1ð

.3/ . 19

.ur -.lb

.J5 .ln -.08

.4t) . I8 .U4

.¿3 -.?.7 .ul

. l4 .3? . utJ

.¿3 -.¿4 .¿6

t.00
.57
.¿l
.l/
.05

.5t
1.00

.-¿tJ

.35

.21

.¿1 .17

.¿0 .35
1.00 -.04
-r0a 1.00

.51 .I7

.05

.?l

.5J

.17
I.00

.15

.17

.1..
o0+
.21

o lð
,29
.l¡l
¡0ö
.tI

. l4 .09

.29 .0ô

. l4 -.04

.u'¿ .09

.14 -.00

-.02 .l I
.03 .14

-o24 -o?6
-¡23 -¡ l3
-.26 -.32

4ö
4l
48
49
50

-.29 -.2¿
-.00 -.lt
-.4J -.0J
-oJ2 -.I7
-. )¿ .05

.04 .21 I.00 .b5 .14 .73 -o29 -.05 -o{3 -o42 -. l9

.ll .19 .65 1.00 .6d .88 o42'.1ô -.6{ -.ll -o42

.06 .ll .74 .ôB 1.00 .85 -oI6 -.01 -.61 -.34 -o0l

.02 .14 .73 .dð .85 1.00 rlô -rg¡ -oôl -obI -¡21

.09 -.00 -.29 .4¿ -.16 .lô lo00 -.I6 -.?6 -.44 -.31

.¿l

.¿¿

.It

.Il

.19

5T
52
5J
54
55

-.0/ .01 .J0 -.23 .22
-. I 5 . (,b .06 -. ¿0 . ¿.tt

.0 j -.01 ¡4(, -.0J -.ù0
-.15 -.0b .24 -.1ó .15
-.¿t .u9 -.32 -.03 .rl

5tr aR-Iu(,-br{
5 / NL/NSL
5ð ML /N5L
59 NL/r'lL

. I rr -. I I

.lJ -.05

. I5 -.08

.l¿ -.03

.01
-.01

.ll

.IJ

l.uu
.IU
.6I
.ól

.lu
I .00
.43

-.08

.61 .óI

.43 -.08
l¡00 .86
¡86 I¡00

ol4 -.u9 -.29 -.¡g -.43 -.J2 -.3¿ -.05 -.16 -.01 -.01 -.1ð
.00 .Uó -.22 -.17 -.03 -.t7 .05 -.43 -.ö4 -.61 -.61 -.¿ô
.27 -.¿5 -.0¿ .03 -.¿4 -.¿3 -.26 -.4?'.71 -.34 -.51 -.44
.31 -.32 .lI .14 -.26 -.13 -.J¿ -'19 -.4¿ -'0I -'?l -o3?

VALUL OI'

VALUL Of
A CORHLLAfION COLIÊ ICILNT UIFTERINþ ÉIiOM ¿ERO

A COHHLLAfION COETT ICTLNI OIFFË.HINb ÉROM ¿EIIO

AIP=
AT P =

o05 IS 0.I97
.ol I5 0.25t
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Table 15. Main sources of specÍous coordination

Gnoup 1 Variables sharíng common components

Group 2 Variables spanning related anatomical regions
General cranial

f-nasat chord-l þrontal chord'l l-Parietal chorif frg-rg -l lgo-go I
Inasal inde{ þrontal inde{ l_taríetal inde{ lmass. bJ lmass" b_l

g-op
endo. 1

Basal chord
Paríetal chord
Frontal chord
n-eth

General cranial breadth

endo. b
euLeu
zg-zg

Upper faeial breadth

zg-zg
zm-zm
ecm-ecm
palate b
infra t. f. d.

Clivus length
, s-ba

sphen. d

Facial length
palate 1

s s-Pns

length

efh- s

n:s
n-ba
min. f
max" f.

General cranial height

Po-v
endo. h

Group 3 Variables sharing common reference points or lines
NSL or points n or s in common ML or point gn in cc,nmon

Mt/NSt
NL/ML
ar- tgo-gn

s-n-ss
s-n-Pg
s -n- pr
s-n- id
for. angle
NL/NSL
ML/NSL
mín. f
n- s s-pg

N- SP

n-gn
n-s
n-eth
eth-s
n-ba
n- s-ba
eth- s-ba
s.-pm hor.
s-pm vert

n-gn
gn-go
gn- cd

endo. 1

endo. h
A-B-C
B-C-D

Points pns or pm in common

ba-pns s-pm hor.
tph-pns s-pm vert.
phar. h ss-pns

Points A, B C or D in commonPoints ba in common

n-ba phar. h
n-s-ba endo. h
eth-s-ba ba-pns

for. angle

Basal chord
Frontal chord
Parietal chord



r2345ó78

93

l5
81

3l
67

-t723

18

94

2f
-17

2t

2L

20

2l

l6

36

v

57l9-53

2L

28 l7

t7

32

-17

-15

2l

38

37

30

15

-37

-67

-58

-30

-19

20

l9

20

2A

30

40

25

43

-16

-23

19

20

26

r4

29

E9

t7

E2

22 18

20

68

-it

-17

16

-25

28

2l
-29

t5

23l6
-18

-17

90

9r01112 13 14 15 1ó

18

20

15 I8

28 45

20

25

-37

93

38

16

l5

16

30

26 35

L7 20 2L 60

-46
43

78

89

22

26

15

37

29

3l
18

r7 18 15

t9 -26

18 -16

15 18 -19 30

v77
2t 85

17 18 19

cOtrx Flcl(ls

18 26

66

93

-23

-15

27

-v
25

28

28

16

Eó 18

20

19

24

30

20

33 -17

50

-38 20-17

31

-L7

26

vtlr^ül

I D¡rll chord

2 tr¡.I lndcr

3 A-!-C

4 Front¡l chord

5 Frontrl lndcr

6 ¡-C-D

J t.'lêt¡l chord

I P.EfGtrl 10dèx

9 mdo. 1

l0 cndo. b

ll mdo. h

12 t-op

13 eu-cu

14 po-v

15 n-cth
16 eÈh-¡

17 n-¡
18 .-br

19 n-br
20 n-r-br
2l cth-r-br
22 for. m81ê

23 ¡ln. f
24 ou. f

25 f. tlnur h

26 f. ¡lnu¡ b

27 rphcn. d

26 n¡¡rl ù

29 rr-¡rr
3O n-rp

Î|ble 1ó. tn¡lytf, 1 - V¡rlE[ ælutfon derfvÈd by tre.foiltlon of 1n1t1¡1 Ù¡lüe lll.llhood lordlnß¡ - cocfflcl4t! > 14 .hoh

t
Et2 Îllc coú¡lfÈier of thc vrrl¡bler coEputed ¡a the ruû of the rqurres of the co@n factor coèfflclent!

)a
¿¡-

56

ó1

70

99

32

98

99

56

99

95

88

90

93

53

96

97

98

98

98

99

90

57

83

91

16

92

56

44

8I

89

1

2

3

4

5

6

I
E

9

10

11

t2

13

r4

15

r6

l7
18

I

æ
(.¡

I

19

20

2t

22

23

24

25

26

27

28

29

30



9tlrr¡trl

3l b.-Ft
32 tph-Frr
33 ecp-rcp

34 phrr. h

!5 r-po hor.

3ó c-po vett

37 n-gn

38 a-a
39 zg-zg

40 uos, b

4l eco-cc¡
42 prl¡t. b

{3 p¡l.tê 1

a4 ?rl¡t€ h

45 3o-go

46 gn-go

47 gn-cd

48 r¡os b

49 r@s h

50 lnfre r. f.d
5l s-n-s¡
52 s-n-pg
53 s-n-¡rr
54 ¡-n-td

55 û-rr-pg
56 ¡¡-rto-gn
57 NL/NSL

58 l[./HsL
59 [{L/HL

Contrfbutlon
(PGr Cênr)

Î¡ble 16, ânrlyrl¡ I - V¡r1r ælutton (cmrinued)

_2LA Thc co*¡lltlca of the vrrr.¡blcr co¡putcd ¡r thc .u of thè rqurre. of the eo@n frctor coefflcle.t¡

31

32

33

v
35

x

-2*

9E

t9
36

56

85

80

37

3E

39

40

4l
42

94

48

99

99

92

62

@è
I

73 43

53 44

99 45

59 46

t9 47

66 48

55

5ó

57

58

59

13

57

86

96

92

94

96

E4

98

99

99

50

51

52

53

54

47.8 - lotd
Co@nrllty

r2.5 6.7 5.7 5.6 4.9 4.8 4,8 4.7

-30

12

85

92

29

-76

-44
20 -23

15

83

8t

90

19

t5

I8 39

t5

22

25

_20

_20

-15

-33

20

L7

65

24

38

l9

22

L7

t8

L7 16 18

3l
33

27

2!
L7

26 19

_18

16

2L

l6 2A

-y 51

tt 29

2L 33

86

l8
2t

69

29

59

76

20 3t

5

4.5 4.5 4.4 4.3 4.2 4.0 3,1 3.3

20

L2

-20 -18

-16

2L1620æ16

59

33

18

35

15

23

15

-E9

I8

v

85

77

L7

l8

94

v
90

24

L725 29

l6
33

20

-L7

I

3.r 3.0 2.8 2.6 2.5 2.L 1.5

83

-32

-16

L7

5l

v
30

15

4t
19

20

62

30

24

t7

35

24

52

15

-22

20

25

ló r8 -19

43 -23 t9

2l
l5 2L

l8 2320 2r

O0ilû¡ F/rCrclS



trbl. lI. lßrlyti. I - Yrrqt¡ æ-tütlm of t.btc 16 rccre¡.d to brfú8 hllh lo¡dln¡. E c thc rln dl.gon¡l - co.fflclæt¡ > 2l .hoh

vtlrtr.l

7 !.rlctrl clþtd

9 .ûdo. I

I2 8-op
l0 eudo. b

13 eu-cu

3 A-l-c

) Frontrl {tdêr

11 .ndo. h

l4 po-v

4 Front.I chord

I PEl.trl ltder
6 , ¡-C-D

23 ¡L¡. f
24 ú.f
2 l¡.rl lndcr

21 .th-.-b¡
2O n-¡-br
22 for. etlc

¿.2t

99

99

90

95

93

70

7

9

t2
10

13

3

-25 32

8E

53

99

56

96

83

9l
6l
90

99

57

76

92

EI

73

5ó

5

11

14
60 -y
45 2A

90

-46

93

3l
26

4

I
6

-5E

26 -30

I

@(¡
I

23

24

2

2l
20

22

-67

15 n-eth
17 n-r
I t.rrl chord

16 .th-.
16 ¡-br
19 r-b.

96

9E

56

9l
9E

98

l5
I'
I

16

1E

l9

27 rphrn. d

25 f. ¡l¡u¡ h

26 f. ¡lnu¡ b

29 trp.t
43 p¡lrt. I
34 pbr, h

25

26

29

43

v

* 
¡.2 lt. cru¡lftl.a of t¡. vcf.tl.. coTr¡tad ¡¡ the .u of th. rç¡4r.. of Èh. coDî fætor co.fffclot¡

93

E1

6t

x
E9

68

2t
43 21

35 25 26

471614ltL22lE

27

-29

3l

62

f7

x

4t

23

25

26

77

E5

26 30

-23

66

3a

Ljtl711 563209

2g

28

-29

77

55

*

59

2422

ta
69

37

36

28

93

tó
50 30

29

22

la

30

3726

3I

v

25

40

r01322119272
c(Ittx l¡cllxs

-zE

37

30

23



lable 17. Analysis I - V¿liñax solution reerr4ged (contlnued)

coÌ+loN FAcloRs
1a-

VARIA.BLE

s-pm vert
n_ sP

5a- pn s

tph-pns

scP- scP

s-pm hoE.

37 n-gn

44 pelate h

49 ¡eñus h

39 zg-zg

50 infre t.f.d.

38 zn-zn

45 go-go

40 mãss. b

4L ecm-ecm

42 pelete b

28 nasâ1 b

48 ramus b

46 gn-go

47 gn-cd

'6 ar-cgo-gn
;2 s-n-pg

54 s-n-id
51 s-n- ss

53 s-n-pr
5) n-ss-pg

57 NL/NSL

58 ML/NSL

59 NL/ML

ac for

4 1t614I812218
76

57

80

89

98

89

36

85

I

ø
O)

I

36

30

31

32

33

35

44

49

39

50

38

45

40

4t

42

28

48

333t

30

3t

32

33

35

33

3930

90

59

34

28

-23

32

94

86

43

62

4l

53

73

99

57

48

99

99

92

62

44

66

33

24

59

19

a4

96

94

86

26

2L 35

46

56

54

51

92 53

96 55

98 57

99 58

99 59

Con tribu tion
Per Cent

5.6 4. 3.3 4.0 3.0 4.3 2.5 4.7 47,8 = ToEal
Comunâ1i ty

* 
t"2 Th" comunålitles of Ehe veriables computed as Èhe sun of lhe squares of the collmn fector coefficients

22

15t711563209

3.1 3.t 4.4 4.9 4-8 5.7 2.6 4.5

23

25

24 31

3038 33

101322119232

29

69

30

29

-53

34

A 5t

22

4.5 4.2 2.1 r2.5 2.8 Ì.5 6.7

30

85

51

83

a7

-76

-44

35

24 26 25

83 30

90

75 -34

72

33

52

-89

94

85
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Table 1-8. Analysis 1 - contríbutions of the varíabl-es to
estimated factor Score variances. Factor Score variances

shown in brackets after the factor number

F ac tor
Variable and

contribuËion F ac tor
Varíable and

contribution

4 (.ee)

7 (.e6>

L6 (.83)

14 (. e8)

18 (. eB)

I2 e0)

2L (.80)

11 (.el)

Paríetal chord
endo. 1

endo. b
eu-eu

endo. h
A-B-C

frontal chord
endo. I

B-C-D
endo. 1

max. f
min. Í.

eth- s-ba
basal index

f . sínus b
f. sinus h

n- s-ba
ss-pns
n-ba

6 e1)

3 (.e7)

20 (.82)

e (. ee)

10 (. ee)

13 (.el)

22 (.80)

ee>

1e (.es)

23 e4)

n- sP
s-pm vert.

ba-pns
tph-pns

n-gn
palate h

zg-zg
go-go
mass. b

go-go
rnass. b

ecm-ecm
pa1-ate b

ramus b
ar- tgo-gn

s-n-Pg
s-n- id
n- s-ba
s-n-pr

n- ss-pg
s-n-Pg

NL/NSL
Nt/ML
Mt/NSL

Ifl, /NSt
NL/ML

66
44

(

32
1_3

79
t4

74
20
13

34
22

62
43

73
13

(

62
37

4t
2T

68
24

67
20

63
25

22
L9

49
38

2

70
t4

16
1

2l
2L
t7
L4

8 e7) n-s
n-eth

15 (.96) eth-s
n-s
n-eth

L7 (.e6) s-ba
n-ba

(
1(

67
I4
l2

69
33

72
1B

30
T7
13

( 27
25
18

74
43

s (. e4) 2 (.ee)
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Tablc 19. Aralysis r - i'Ecrpretation oI connììon IacIors

Factor number
(lable 17)

Highes t fac tor
coefficients

Highesi con tribut ions
to factor variances In terpre Eat ion

4 ParieÈal chord

endo. I
g- ot

endo, b

eu- eu

A-B-C

endo. h

Fron al chord

ParieEal index

endo, 1

93

81

67

94

89

ó8

60

90

-46

43

Parietal chord

endo. I

endo, b

EU-CU

endo, lr

A-B-C

Fron tal chord

endo, I

Endocranial Iength
(parietal segment)

Endocranial breadth

Endocranial heigh t

Endocranial lengCh

(frontal segment)

66

44

L6

r4

62

37

L1

2t

68

24

18

t2

2l

B-C-D

endo. h

max. f
min. f

Basal index

eth- s-bâ

n-e th

n- s

93

-34

8:

77

66

ao

82

77

B-C-D

cndo, I

rnax. f
nrin. f

e th- s-ba

Basal incìex

n- s

n-ctll

ót

20

63

25

22

I9

49

38

Endocranial curvature
(fronto-parieral)

Frontal thickness

Endocranial curvaEure

(anterior fossa)

Anlerior cranial base

I eng th

8

L7

15 93

38

-37

86

50

89

78

77

65

40

67

t4

t2

b9

33

7)

18

30

l7
13

êth-s
n- s

n-eth

s-ba

n- ba

f. sinus b

f. sinus h

ss-pns

palate I
n- s-ba

etlr-s

n- s

n- e tlt

s-ba

n-ba

n- s-ba

ss-pns

n-bl

sinus b

sinus h

Anteriùr craníal base

length (etÌr-s segment)

Posterior cranial base

I eng rh

Frontal sinus capacity
l1 f

5 Nasal depth
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lable 19. Analysls 1 - inEerpreratlon of common fecEors (contd.)

FacÈor number
(reble I7)

Hlghest facÈor
coef fic ien Es

HlghesE contrLbuEions
to factor variances Interpre EaÈion

6 s-pm verù.
phar. h

n- sP

ba-pns

Èph- pns

palate h

n- gn

z8-zg

infra c.f.d.

76

59

57

94

86

62

43

90

59

n" sP

s-pm vert.

ba- pns

tph- pns

n-gn

palate h

zg-zE

go-go

34

22

79

I4

32

13

7+

20

Upper facial helghE

(na so ph arynge a1 )

Nasopharyngeal depth

Facial helght
(palate segment)

Upper facial breadth

3

20

9

10

13

22

mass. b

go-go

ecm-ecm

palate b

ramus b

go-go

s-n- id
s-n-pr
s -n- Pg

94

-89

85

77

52

35

90

87

83

83

-34

30

51

30

go-go

rnass. b

ecm- ecm

palate b

ramus b

ar-tgo-gn

s-n-Pg

s-n- id
n- s-ba

62

43

70

L4

16

t2

2l
2l

t7

Lor¡er facial breadth

l{axillary breadlh

Ramus breadEh

Facial prognathism

19 n- ss-Pg

s-n- ss

s-n-Pg

NL/NSL

n- sP

NL/ML

ML/NSL

ar- cgo-gn

n- ss-Pg

s-t- Pg

NL/NSL

NL/ML

ML/NSL

ML/NSL

NL/ML

73

13

Facial convexity

Nasal floor
inc 1 inatíon

Mandibular base

inclinaÈion

23

2

27

25

18

74

43

92

85

72



Table 20. Analysis 2
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percentage contributions of varimax factors
the common varianceto

F ac tor Contribution F ac tor Contribution

1

2

3

4

5

3.8

Lt.2
3"7

2.4

2.3

3.4

3.0

4"o

3.4

3.7

1"9

2.3

5.1

2"9

1"8

4.4
2.7

2.0

4.8

1.8

2t

22

23

24

25

26r"

27

28

29

30

3.1

2.0

2.0

3.7

5"8

6

7

8

9

10

0.7

1"5

4"r
1.6

1.8

0.8

0"5

0"2

0.6

0.5

0.3

0"2

0.1

0.1

0"0

11

L2

13

T4

15

31

32¡t

33:'.

34r,

35:'.

3æ(

37'k

38'k

39:k

40:k

L6

L7

18

T9

20

:k Factor not interpreted because of low factor contribution



Table 21. ¡nalYsl. 2 V¡rlt slutlon ¡lEPltfled eith coêff''cfæt¡ > '21 'hoh

69

ta The co@nalitleê of the vati4blês co[Puted ¡t the 9uú of thè 9qu¿re' of thê co@t factot coefficlents

2*t¡
V¡IIAËLE

7 Parlet¡l chord

9 endo' I

12 g-oP

lO en@. i,

I3 eu-eu

3 À-l-c

5 Fron¡¿I index

II endo, h

14 po-v

4 Flont¡l chord

8 Pa¡let¿l lnder

6 l-c-D

23 nin. f
24 ns. f
2 lao¡l lndex

21. eth-s-bå

20 B-¡-b¡
22 for. úgle

99

99

95

95

95

84

1

9

t2
to
l3

3

I

@

I

23

24

2l
20

22

L7

1

16

l8
l9

21

25

26

29

43

v

92

13

98

77

98

5

11

L4

4

8

6

90

9l
79

93

98

14

li n-eth

17 n-s

I lrasl chord

16 èth-8

18 g-b¡

19 n-br

98

73

95

97

99

85

9l
87

ú
8l

!7 rphcu. d

25 f, tlnur h
26 f. rltrur b

29 ¡.-pû.
43 prlrtê I
34 phrr. h

191652L142411 7t7

26

2A

_4t

a7 -22

38

93

3t

23

43

74

92

7A

67

93

9I

31

2933 :26 -24 22

40 28

35 28 2l

82

79 2l+

23

79

-29

82 -35

73 39

2t

92

25

l.l
85

50

2A

26

32810134689 222

-22

2l

3l

29

25

23

39 37

31

25

31

30

38

-56

-64

-25

75

24

84

83

82

63

L2 31 25 30 15 29
c(xr{tf F¡gIOtli

30

-30

t2

22

75

22

7l



Teble 21. Anãtysis 2 - Vârinex solution s.i.mplified (continued)

VARI AßLE

3ó s-pm vert
30 n- sp

3l ba-pns

32 rph-pns

33 scp-scp

35 s- pm hor.

37 n-gn

44 pelete h

49 ranrus h

)9 z-g- zg

;0 infra ¡.t
Jiì zn- znr

ta-

87

89

96

94

7I

9l

36

30

31

32

33

35

37

44

49

39

50

38

23 ¿l

28 31

The comunelities of the variables conPuted as the sum of Èhe squêres of the comon facror coefficients

96

65

83

99

8t

694; <o-qo

LO ress. b

4T

L2

28

48

46

47

i6
i2
52

51

pålare b

nasaÌ b

'aaru. 
b

4n-go

gn-cd

al-tqL)-qn

s-n-pg

s-n-id

s-n-ss

99

99

9l
82

74

77

43

40

41

42

2a

48

l\)
I

88

88

92

99

91

95

46

47

5ó

52

54

5I) .J s-n- pr

r) n- ss- Pg

57 N'L/NSL

58 IfL/NSL

59 NL,/tfl

Fac tor
Contribu!ion
(per cent)

96

93

99

99

99

53

57

58

59

2"2

4.8 4-4 2.3 3.I 2.g 3.7 r.9 3.8 3.O 2.7

-21

24

191652Lt42411l7t7

3-7 4.r 3.7 5.1 2.4 3.4 4,0 3.4 2.0 Lt.2

87

-15

-46

-26

23

84

9I

75

-21

23

3I

26

32

22

30

75

35

-22

-89

93

59 21

80

86

23

28

28

24

3638

65

54

42

35

9I

87

-53

69

69

36 43

328t01346 89222

2.1 0.8 5.8 i.8 t.5 2.O 2.0 1.8 I.6 1.8

51

8l 30

9t

a4

28

-37

74

30

-2I 22

76

53

23

74

2L

76

27

28

20
12 31 25 30 21 23 r8 15 29

COMMON FACToRS



Factor nunber
(Table 21

l9
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Tåble 22. Analysls 2 - lnterPreÈâtlon of co¡mn factora

In terpre tåt lon
FåcEoE number

(Table 2l)
Hlghest factor

coeff 1c ien tsHlghest factor
coef fic len t s

Párlerel choEd
endo. l 1A

Endocreial length
(parietal segment)

16 endo. b
eu-eu

B-C-D
endo. h

93
-41

93
9I

74
43

a7
40

Endocref¿1 breedth

PO-V
endo, h

Creial hef th t

Interpre tåtlon

Mandlbulår robustnessinfrå t.f.d
rffiug b

93
-89

86
80

75
35

91
87

81
-37

79
59

51
2t

NêsaI floor
lnc1ln¿tlon

Lowe¡ facisl breadth

6

m¿ss, b
go-go

B-n-

222L

14

24

t1

Frontal chord
endo. I

nln. f
nax. f

82
19

Endocrenlal length
(frontal segment)

Endocránlal curvature
(fron to - pårie t¿1 )

Frontål thlckness

Anterior cranlal baee
(erh-s segmenE)

palate b
ecm-ecm

gn-go
gn-cd

n-ss-P8
s-n-46

NL /NSL
n- sP

NL/ML
ML/NSL

Måndlbular base
lncllnatlon

Incllnâtfon of
foramen nagnum

td
Pr

PåIatal breadth

l4andlbutår length

FÂclal prognathl€m

Baclal convexlty

Endocranlal culvalureBasal lndex
e Èh- s- ba

79
29 (anterior fossa)

n-eth
n-5

82
73

¡nterior cræíal bsse
(n-eth segnent)

t2

31

30

t8

eth-6
n-s

pålate h
rmus h

39

85
50

Frontal index
A.B.C -4L

EndocrånLÂ1 curvêture
(frontal segment)

91
a4

7t

69

1L

75

l1

3

28

IO

r3

4

s-b¿
n-ba

f. elnus h
f. sÍnus b

84
83

as-Pna
palêle I

phaE, h
a-Pm vetÈ

b a- pns
tph-png

91
87

Posterlor crsnlal
base length

for, ångle

Basal chord

sphen. d

6CP- ScP

29 zg'z8

20 neáal b

a2
63

75
69

Frontal sinus
c apacl ty

NÂsal depth

Nasopha¡yngeal
hetgh t

Nasoph¿!ynBeåI
depÈh

65
54

Paletal helShÈ

Endocrsnlal length
(baeal segment)

Sphenofd thickne6s

Nåsophåryngeå1 breadth

Upper fsctål breadth

Naoal breadth

76

74

76

15
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Table 23. Analysis 2 summary of selection of varíables

Variable included in
Analysís 2

Eliminated Variable retained for
Analysis 3

Parietal chord
endo. 1
g-oP
endo. b
eu-eu
A-B.C

Frontal index
endo. h
po-v
Frontal chord
Parietal index
B-C-D

min-f
max. f
Basal- índex
eth- s-ba
n- s-ba
for. angLe

n-eth
n-s
Basal chord
eth- s
s-ba
n-ba

sphen. d
f.. sÍnus h
f. sinus b
ss-Pns
palate L
phar. h

s-pm vert
n- sp
ba-pns
tph-pns
scp- scp
s-pm hor,

Parietal chord

g-op

eu-eu
A-B-C

Frontal Índex

Frontal chord
ParieËal index
B-C-D

min. f

Basal índex

n-eth

Basal chord
eth- s

f . sinus b

s-pm vert.

tph-pns

s-pm hor"

endo. 1

endo. b

endo
po-v

max. f

eth- s-ba
n- s-ba
for. angle

n-s

s-ba
n-ba

sphen. d
f. sinus h

s s-pns
palate 1

phar. h

n- sp
ba-pns

h

scp- scp



Table 23. Analyses 2
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sunmary of selection of variables
(contd. )

Variable included in
Anal-ysís 2

E1íminated
VaríabLe retaíned for

Anal-ysis 3

n-gn
palate h
ramus h
zg-28
ínfra t.f.d.
z1î-zm

go-go
mass. b
ecm-ecm
palate b
nasal b
ramus b

gn-go
gn-cd
ar- tgo-gn
s-n-Pg
s-n- id
s-n- s s

s-n-pr
n- ss-Pg
NL/NSL
Mt/NSt
Nr/Mr

mass" b

palate b

ar - fgo-gn

s-n- id

s-n-Pr

NL/Mt

n-gn
palate h
ramus h
zg-zg
ínfra t.f.d.
zm-zm

go-go

ecm-ecm

nasal b
ramus b

gn-go
gn-cd

s-n-Pg

s-n- s s

n- ss-Pg
NL/NSL
M,/NSL



Table 24. Analysís 3 -

fac tors
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percentage contributions of varímax
to the coÍtmon variance

F ac tor Contribution F ac tor Contributíon

1

2

3

4

5

8.3

12.4

8.2

6.9

6.3

3.2

4.8

3.5

3.2

3.5

8"4

4.7

13

I4

15

T6

L7

18

19'k

20-k

2Lr,

22zt

23Jc

1!)

3.3

4"9

5.6

3.4

2"2

1.0

0.8

0.7

0.6

0.1

6

7

8

9

10

11

L2

:k Factor not interpreted because of low variance contribution



VT¡IAILE

9 cndo, I
l0 cndo. b

ll odo, h

l{ 9o-v
21 u, l.

21 ¡tih-¡-br

20 ¡-¡-be
22 for. ntl.
17 r-.¡
lt .-br
19 n-b¡
27 rphm. d

25 f, ¡l¡u¡ h

29 tt-gnt
4¡ pdrt. I
34 Dtr. h

A, ¡-.p
31 br-¡rr

33 rcp-rep
37 n-gn

44 p.l¡t. h

49 rr. h

39 tf-ra
50 tnfrr t,f,d.

36 n-n
45 3o-go
41 ¡er-oc¡
2t n¡¡rl b

4t rr. b

4ó |n-¡o

47 ¡n-cd
52 .-n-pl
ll ¡-n-¡¡
55 n-rr-¡
57 n /ir¡L
5t rG^rlL

t rc tor
contrltutton
(per cmt)

- 197-

f.blc 25. Anrly¡l! 3 - V¡rlou .olutlon ¡llpllffcd elth coefflclentt > .20 rhoh

3.5 6,3 4,7 8,4 3.t ó.9 5,6 4,2 4.9 3,3 3.2 8,2 t.4 2,2 3.2 t,3 12.4 4.6

x¡2 *

649
6t 10

76 lt
60 14

64?4.
63 2r

97 20

62 22

9ó L7

96 18

99 19

63 27

5t 25

0¿29
72 43

6834
t7 30

tl 31

40 33

93 t7

58 44

t2 49

t3 t9
10 50

ß
45

4l
28

4E

46

5t
64

59

62

65

65

tl 47

96 52

92 5l
09 55

7t 5l
92 5t

80

23 rt
59 -49

2904
25 -65

28

24

33

t82524

25

72

69

67

25

6922

4I

52

29 23 23

-21

62

3E

2729 22

29 30

63

35 23

47 -6t

59 26

78

EO

4E

-38

4t 24

22 -25 2l

42

v

2842

-54

2633

-2429

ót

22

(z

-24

27

35

70

91

68

a7 v

E9

536523 30

35

t4
74

26E2

2t63

2l
73

37-43 32

lo 5 t2 lt I 4 16 13 15 14 6 3 L7 l8 9 I 2 'l

oûr{r¡ rAcl(xs

t t.2 tL. cos¡lltL.a ol th. varfaDt.a co4u!.d aa th. rs of .qurra. of th¡ cm tætoÍ coalllcr'mt.
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'Iable 26. Analysis 3 interpretation of common factors

Factor number
(Table 25)

Highest factor
coefficienÈs Interpretation

11

10

5

L2

t6

13

15

t4

endo " b

endo. h
po-v

f . sinus h
max. f
n- s-ba
eth- s-ba

for. angle

n-s
n-ba

s-ba
n-ba

sphen. d

ss-pns
palate 1

scp- scp

palate h

infra t.f"d
ramus b

go-go

ecm-ecm

nasal b

gn-cd
gn-go

s-n-Pg
Mt/ttsl,

n- s s-pg
s-n-ss

73

74
74

68
63

87
82

68

EndocranÍal breadth
Endocranial height

Frontal bone síze

Cranial base inclination

InclÍnation of foramen magnum

Anterior cranial base length

Posterior cranial base length

C1ívus thickness
Upper facíal length

Pharyngeal breadth

Palatal height
Mandibular robustness

Lower facial breadth
Upper facial breadth
Nasal breadth

Mandibular length

Facial prognathísm

Facial convexíty

B

4

6

9I
65

89
53

70

80
48

63

62

78
67

69

52

72

3

L7

18

9

1

2

7

80
69

81
-78

84
-49
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Table 27, Analysis 3 sunmary of selection of varíabl-es

Varíable included in
Analysis 3 E1íminated

Varíable retained for
Analysis 4

endo. L

endo. b
endo. h
po-v
max. f
eth- s-ba

n- s-ba
for. angle
n-s
s-ba
n-ba
sphen. d

f.. sínus h
ss-pns
palate 1

phar. h
n- sp
ba-pns

scp- scp
n-gn
palate h
ramus h
zg'zg
infra t. f" d.

zm-zm
go-80
ecm-ecm
nasal b
ramus b
gn-go

gn-cd
s-n-Pg
s-n-ss
n- s s-Pg
Nt/NSL
ML/NSL

Po-v

eth- s-ba

n-ba

s s -pns

gn-go

endo. 1

endo. b
endo. h

max. f

n- s-ba
for. angLe
n-s
s-ba

sphen. d

f.. sinus h

paLate 1

phar. h
n- sp
ba-pns

scp- scp
n-gn
palate h
ramus h
zg-zg
ínfra t"f.d.

zm- zffl
go-go
ecm-ecm
nasal b
ramus b

gn-cd
s-n-Pg

n- ss-Pg
Nt/NSt
Mt/NSL

s-n- s s



Table 28. Analysis 4 -

factors
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percentage contributions of varimax
to the common variance

Factor Contribution

1

2

3

4

5

3.9

14. 8

11.s

5.8

9"0

6.5

9.0

4.7

5.6

3.1

4.8

4.7

4.5

2"0

5.2

4.0

0.3

0"7

0.0

6

I
9

10

11

I2
13

L4

1trLJ

T6

L7't,

18'k

I9rr

''k Factor not interpreted because of Iow variance contribution



VARIAALE

9 endo. I
l0 endo. b

Il endo, h

24 nax. f
20 n-s-ba

22 for. angle

17 n-g

18 e-ba

27 sphen. d

25 f. sinus h

43 palate 1

34 phar. h

30 n- sp

31 ba-pna

33 ecp-scp

37 n-gn

44 palate h

49 rmus h

39 zg-zg

50 infra t.f.d

38 zm-z¡

45 go-go

41 ecn-ecn

28 naeal b

48 rmus b

47 gn-cd

52 s-n-pg

55 n-ss-pg

57 NL/NSL

58 ML/NSL

-201-

Table29.Analy8fs4-varlmaxsolutlonelnpllr|.edwlthcoefflcients>'20ehom

COMMON FACTORS

34

2*
¿a

ó3

60

67

59

85

61

IO

11

24

20

22

22

13

63

44

94

52

70

6127

66

6l
61

48

64

66

L7

18

27

25

43

34

30

31

33

37

44

49

56 23 31

63

3I
6l
35

53 -29 -50 30

2l

31,740

032

23

25

63

79

42

22 56

2A 32

2l 25

7l
67

57

54

53

52

39

50

38

45

41

28

26

38 21 2L

64

64

3I

66

-32

75

26

-83

-52

48

47

52

55

57

58

56

75

93

57

77

91

78

4231

21

-34

Fac tor
Con trlbutfon
(per cent)

4,5 9.0 5.8 4,0 4.7 5'6 6.5 4'1 4.8 lr'5 3'1 3'9 9'O 5'2 L4'8 2'O

63

64

35
-32

2557

742l

22

23

55

28

31

28

69

63

69

50 22 65

68

42¿t2 35

2t

29

13 7 4 L6 8 9 6 L2 11 3 10 I 5 15 2 14

taz ïhe comunalltiee of the vartables comPuted as the oun of the squaree of the cormn factor
coefficlentE
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Table 30. Analysis 4 inËerpretation of common factors

Factor number
(Table 29)

Highest factor
coefficient Interpretation

13

7

L6

4

endo. b

endo. h
phar. h

max. f
f. sínus h

ba-pns
n- s-ba

for" angle

rt- s

sphen" d

scp- scP

palate h

ínfra t.f.d"
ramus b

go-go

nasal b

gn- cd

n- ss-pg

NL/NSL
s -n- Pg

ML /NSL

6B

69
64

63
63

56
50

69

74

73

63

61

79
64

56

64

78

66

-83
75

42

Endocranial breadth
EndocraníaI height

Frontal bone size

Pharyngeal depth
(Cranial base flexion)
Foramen magnum inclination
Anterior cranial base length
Clívus thickness
Pharyngeal breadth
Palatal heighr
Mandibular robustness

Lower facial breadth
Nasal breadÈh

Mandibular length
Facial convexity
Facial prognathism

Mandibular base inclination

8

9

6

L2

11

3

10

1

5

i5
2

I4



Table 31.
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Analysis 1 - frequencies of factor coefficients in

varimax solution falling between 0.15 and 0"26

Absolute value of
coefficient

Frequency

0"15

0 " 16

0.17

0.18

0.19

0"20

o.2l
0.22

o.23

0.24

a.25

0.26

t6
15

22

T7

L2

2L

r3

5

7

5

7

5
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Table 32

34

L2

76

09

-20

t1

o7

54

o0

o7

-02

65

Aralysts 5 - Vårlnåx solullon complete

V¡A,IAEI.E

9 endo.1

I0 endo, b

1I endo. h

24 max. f

20 n-s-ba

22 for. angle

17 n-¡

18 ¡-ba

27 ephen. d

25 f. 81nuo h

43 palste i

34 phar. h

30 n-ep

31 ba-pne

33 aep-ecp

37 n-gn

44 palate h

49 rmug h

39 zg-zg

50 fnfra t

38 zø-zn

45 go-go

41 ecn-ecn

28 naeal b

48 rNs b

47 gn-cd

52 a-n-pg

55 n-os-pg

57 NL/NSL

58 MLINSL

Factor

ContrlbutLon
(Per cent)

2*
xå

-06

-o2

09

L4

-49

-20

03

03

04

I3

03

01

-16

-01

IO

o2

-79

-o7

-34

08

-15

-28

ú
-01

4L

o7

-02

-02

l9

-01

-o2

o9

-16

05

-10

-r3

-19

-04

-13

08

-06

-05

40

06

-06

-L1

-04

-83

00

05

2L

03

-o7

-06

-08

-13

18

09

-06

-05

-10

-79

-03

1I

-06

09

00

-15

10

62

-03

I2

t9

10

l0

7I

05

04

-01

-05

11

03

-03

00

0t

-05

-03

06

-04

-05

66

17

96

80

9

IO

II

24

20

22

t3

o2

01

05

-02

o2

o2

-02

14

-14

-01

03

o8

lt

o5

o3

41

27

-06

u
-01

-11

I1

-90

ú
-08

-01

-10

02

t2

06

03

o0

19

-25

-01

03

01

-04

-t6

37

03

-26

I3

-02

o4

L2

05

18

l0

I4

04

-19

03

22

53

05

l3

1l

06

-06

-02

01

-62

-t7

-o2

-09

-o9

-01

00

2t

-19

-01

t5

06

04

16

-L2

08

05

o7

20

00

00

-03

-22

-06

-v
t2

05

09

-20

-05

-02

28

61

-L2

-35

01

05

04

-08

o7

34

78

01

o7

o7

40

27

o9

l6

o6

29

IO

-09

-11

06

-28

-09

L7

18

27

25

43

v

30

31

33

31

44

49

39

38

45

85

72

37

97

53

75

82

tl

54

55

01

06

03

0t

-07

o8

I8

-34

-L4

-09

06

90

58

69

56

85

82

59 4r

58 28

-59

05

-11

-66

-12

08

2L

20

03

52

18

19

-22

-4L

o7

00

01

L7

14

o7

o2

l7

1l

38

05

16

09

08

-23

l4

06

II

-10

13

00

03

-o7

_27

-o2

01

-0t

09

-09

-12

00

-22

-01

00

03

09

-13

-02

07

05

02 09

02 20 3s 49

o2

03

-13

o7

-r6

10

00

I1

26

05

24

-L4

-30

00

-06

-02

-L2

-02

-03

03

-r5

09

-11

-06

-03

-01

03

-05

2L

11

06

L2

02

o6

l3

00

l8

01

-06

t1

-01

15

01

o2

15

20

-06

08

10

01

-19

23

-L7

00

-42

-05

-t4

-43

-I0

l0

03

-D4

-10

05

-03

20

t1

-09

-0r

-31

L2

1l

11

19

29

17

13

62

81

40

20

04

-09

03

-04

-10

-28

t4

-04

04

20

03

01

-28

16

-0r

05

-10

-o7

-o7

-02

15

o0

-19

l3

29

01

38

I3

51

62

09

05

84

37

-77

-76

09

83

24

03

-L2

18

-17

-11

o2

-I3

-04

l5

-04 67

18

09

-02

03

-25

-08 -06

-04

13

06

-08

-03

-05

01

-04

-13

0l

L4

-L4

-02

t6

62

05

-16

o4

-o2

-15

OI

-11

04

L2

o2

-rt
-rl
-04

00

06

10

-13

18

-04

-05

-I1

05

00

01

L2

-27

60

80

96

62

79

96

-t7

ll

-I8

03

-13

16

48

52

55

57

58

15.0 8.0 5,2 6,2 8.4 ro.4 6,2 2,t 5.5 6,7 5.3 5.9 L.7 5.6 4.5 3.3

13 14 15 168910I11234s67t2
coMt'loN FACTORS

¿a2 The comunalltlea of the varLablee computed as che €un of squares of the

cotmn factor coeffLclentg
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Îrble 33 Ânelyatr 5 - Vrrlw ælutlon 'l4ltfled 
vlth coeffLclênt' > 0'20 shom

9 6do' I

l0 mdo. b

ll sdo' h

2ô r.f

20 n-¡-b¡

22 for. 6tlc

17 n-.

16 t-br

27 rpho. d

25 f. ¡lnu¡ h

43 prl¡tG I

34 phet, h

30 n-.p

3l br-Fr.

3! rcp-reP

37 n-gn

44 p¡lrte h

49 ¡o¡ h

39 rg-rg

50 lnfr. È.f.d.

!t o-a

45 go-go

4l ccE-acD

26 n.rd b

48 ro¡ b

47 3n-cd

52 t-t-pg

55 n-rr-pg

57 NL/NSL

58 tl./X8L

f ætor
ConÈ¡tbutlon
(PGr cmt)

12

17

5t

96

00

9

l0

ll

24

20

22

90

58

69

56

85

82

l7

t8

27

25

43

v

85

12

31

97

53

75

30

31

33

3t

44

49

39

50

38

45

41

28

48

4l

52

55

5t

5t

a2

1t

54

55

59

58

60

80

96

62

t9

96

5.9 8.4 5.6 5,2 5.5 6.2 6'2 2',1 4'5 lO'4 l'7 6'1 8'O 5'3 l5'0 1'3

28 25 -27

2A

62

67

83

24 ú
37

-77

-16

29

38

51

62

L3

2l 27

31
23 29

42 30

26

24

62

8l

40

38 29
49

-23

v
2Lv 59

28

6t

35

52 -22 -ó6

22

53

40

27

22

4l 21 35

ó5 31 25

28
22 -62

7l

54 26

90

41

2t

v
78

62

83

19
-49

28

t6 2L

19

v v-40

I
Ea2 î," coñrlltlet of the v.rl¡blê! co4uted ¡! thc luD of rquerct of thG co@n f¡ctor cosfflcl'nt'
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Analysis 5 - percentage contributions of varimax
factors to the common varíance

F ac tor Contribution

1s.0

8.0

5.2

6.2

8.4

1

2

3

4

5

6

7

8

9

10

r0.4
6.2

2.L

5.5

6"7

5"3

5"9

I"7
5.6

4.5

3.3

11

L2

13

t4
15

I6

To tal 100. 0
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Table 36. Analysis 5 - interpretation of comnton factors

Factor number
(Table 33)

Highest Iactor
coef ficien t s

HÍghest conÈributions
to estimâted factor variances In terpre ta t ion

I2

t4

endo. b

endo. h
phar. h

f. sÍnus h
max. f

n-s-ba

79

76
65

7L
62

79

endo. b
ZE- ZB

46
I4

Endocranial breadth

5 endo, h
phar. h

f. sinus h
max. f

n- s-ba

32
22

38
)1

Endocran. al height

Frontal bone size

85 Cranial base flexion

Head balance angLe

3

for. angle 83 for. 'ngle 59

4 n-s 90

sphen. d 78

phar, h 37

palate h 6l

n- s

sphen. d
n- sp

pt ar. h
NL /NSL

palate h

infra t. f. d
zg- zE
ramus b

I

8I

I9

33
13

19
I3

Anterior cranial base length

Cliv s thickness

Phar¡ ngeal ìreight

Pal_atal height

Mandibular robustness
(Infra-temporal fossa depth)

l5

6 infra È. f. d
ramus b

8l
67

35
20
ló

I3 n-sP

nasai b
scp- scP

gn-cd

n-ss-Pg
pal ate I

s-n- Pg
NL /NSL
I.,IL /NSL

34 n-sP
palale I

nasal b
ecm-ecm
scp- scp

gn-cd
n-gn

"-n- Pg
t'1L /NSL
n-gn

ramus h

ML /N SL

22
l0

Nasal heigh r

Nasal breadth

I andibular length
2

IU

1I

62
53

20
15
l0

83

62
-62

palate 1

n- ss-Pg
4I
2t

84
-1a
-76

36
24

28
2t
19

FaciaI convexi tv

Facial prognathism

16 ranus h 49 2L

t5
Ramus height
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Table 37. Descriptive statistics for the computed non-normalised

Scoreson16maximumlikelihoodfactorsforl0OAustralíanskulls

E s tímated
S t. Dev.

.97 50

.9350

.947 9

.9350

" 9150

"9L56

"9028
.8105

.8981

.87 37

.8802

.87L2

"7853
.8326

.8394

.8347

Computed
St. Dev"

"97 56

.9353

"9490
.9354

.9L52

"9L57

" 9038

.8112

.8993

.87 39

.8812

" 
8710

"7 869

.8325

.8398

.8351

Error of
lulean

.097 6

.0936

.0949

.0936

.0916

" 0916

.0904

.0812

" 0900

"o87 4

.0882

" 0871

"07 87

.0833

.0840

" 0836

Mean

.0002

- .0006

-.0013

.0003

" 0010

.0011

.0011

" 
0005

" 0001

.0015

.0007

.0001

- .0006

- .0001

"0013
- " 

0008

Min.

-2.83
-2"36

-2.6L

-2.42
-2 "38

-1" 84

-2 "35

-1.93

-2.18

-2"17

2"3I

2 "07

2.00

2.07

2.44

3"05

2.L6

L.69

2.71

| "96

5.L4

5.42

4.6L

4.49

4"Bl_

4.90

4 "5L
3"6L

4 "89
4.13

lvlax Range

I
2

3

4

5

6"

7.

8.
o

10.

11.

t2"

13.

t4.
15"

t6.

-2.29
-1.70

-L"76

-1"51

-L "87

-2.15

2"20

2"59

1.95

2 "07
2 "39
2.L9

4. s0

4.29

3.7r
3.58

4 "27

4.34

.L see PP
223-224

"'* D.ri.r"d from the computed factor scores by treating them as normally

Derived from the equation St. Dev' =lf"e [r + (r + J)-1]

distributed variables
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APPENDIX
:b

c

CompuËing Algorfthms

Page

Appendix c is abstracted from a more deÈaíled descriptíon of
several computer programs, coded ín FoRTRArrr rv and designed for
execution on a cDC 6400 cornputer (BRoirrN, | 67b). rn additíon to
the compuËing algoriËhms, Èhís publicatíon outlines the usage
of the programs, machíne restrictions, subroutínes requlred, data
deck sÈructures, Program timíng and materials avaÍlable. References
are also listed.

IDENTIFICATION

PURPOSE

ALGORITHMS

PROGRAM PR.ELIM

PROGRAM FACTIT

PROGRAM JORIMA

PROGRA},I MÆ(LIK

PROGRAM FACSCO

2LL

2tL

2L2

2L3

2]-6

2L8

22I

222
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IDENTIF ICATION

Factor Analysis Package. Included in this package are five computer

programs wiitr tneir subroutines which are designed to compute

åttfrogorr.l solutions accordíng to the basic mathematical model of
factoranalysis.Amethodforprincipalcomponentsanalysisis
included although this techníque is different in mathematical foundat-
ion and computing procedure from those of true factor analysis'
Several díffereni àpproaches to the factor model are available; the

fínalprogramestimatesbetacoefficientsforthecomputationof
factor scores and goes on to calculate these scores for any number

of subjects if required"

Tít1es: PROGRAI'I PRELIM
PROGRA}.,I FACTIT
PROGRAM JORIMA
PROGRA},I MAXLIK
PROGRAM FACSCO

Category:
Language:
Author:

Ins tal 1 ation :

Multivariate analYsis
6400 FORTRAN
T. Brown, Department of Dental Scíence, Septembet 1965

Modified by J. Patfitt, Jarr:uary 1967

CDC 6400, University of Adelaide, Adelaide'

PURPOSE

PROGRAI,I PRELII'I carríes out preliminary analyses of a data matrix
prior to factor analysis, Eiving information on the latent roots
änd their significance. The output allows a decision to be made

regarding the number of statisticà1ly significant, or scientifi-

""ily 
meaningful, factors to be extracted during further analysis

of the data.

PROGRAI4S FACTIT, JORIMA and MAXLIK compute orthogonal factor loadings
by any of the following six methods:-

A. Non -iterative methods

PRINCIPAL FACTOR ANALYSIS - requiríng initial communality
estj-mates (PROGRAM FACTIT) .

MODIFIED PRINCIPAL COMPONENTS ANAIYSIS - no initial cornmunality

estimates required and a predetermined number of factors ís
rerained (PROGRAM FACTIT) .
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JORESKOG FACTOR ANALySIS - no íníria1
required; matrix is rescaled prior to
(PRocRALr JORTMA).

communality estímates
factor extraction

communal i ty
to factor

IMAGE-COVARIANCE FACTOR Æ{AIYSIS - no iniríal
estimates required; matrix is rescaled prior
extractíon (PROGRAM JORIMA).

B. Iterat.íve methods

rrERATrvE PRrNcrpAL FAcroR ANALysrs - requires inirial esrimaresof communalities; the procedure entails cycling until successÍvesolutions converge to a specifíed value or untii the maximum
permítted number of iterarions is reached (pRoGRAl4 FAcrrr) 

"

MAXTMUM LTKELTHOOD FACTOR At{Al,ysrs - a very precise merhodrequiring initial approximations to the factår loadings obtainedby some preliminary analysis" The program cycres until converg-
ence of successive sol-utions to a predeterminà¿ level is obtaínãdor until the maximum permitted number of iteration,s ís reached
(PROGRAM MAXTTK).

The above methods operate on data which may be ín the form of
rar^r scores, a matrix of correlation coefficients or a vatíancef
covariance matrix. I¡Ihen raw scores are entered the appropriare
matrix is computed prior to factor extraction. options aieproví'ded to carry out varimax transformation of thà ír-ritial solutlonby the method of Kaiser. various tests and checks, including achi-square test on the significance of residual .o"ifi"i.nts, arei¡¡1,,,1^,f r^ ^ ^-,: ) -Lv Þç! vç 4¡i d Ëu-Lue Lo Ene mAtnematl.cAl ti t Of the SO lUtiOn

PROGRAI{ FAcsco computes the factor loadings on orthogonal factorsfrom the subjects' ratr scores or standard deviate scores" Betacoefficients for the factor score estimation are first entered or
computed from the factor loadíngs which have been obtained by anyof the methods referred to above" The factor scores may be
computed as non-normalised values or they may be normalísed accord_ing to the estimated standard rJeviation o-t factor.

ALGORITHM

Detailed mathematical procedures are given in the
The basic model of factor analysis assumes that a
scores on N variables can be explained in terms of
K common factors and N unique facÈors as follows:

references listed"
subjectrs deviate
contributions from
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of
of
of

of
of

Theequationcontainstheunknornrnquantíties,G'fanduandthefírst
stage of factor analysis is to estimate G and u accordíng to the

basic factor analYsís equation:

R=GG' +U where

is the sample matrix of correlation coefficients'
ã. aft" lruti.rr""/covariance matríx - this is an

estimate of the true population matrix'
is the matrix of factòr loadings and Gr (K x N)

ís its transPose,
ís the diagonal matrix of residual variances'
or uniquenesses with diagonal elements u' and

off-diagoanl elements 0'

(N
(N
(N

x
x
G

f (K x 1)
u(Nx1)

x=i*Gftu where

is the vector
is the vector
ís the matrix
K factors,
ís the vector
is the vector

R(NxN)

c (NxK)

U(NxN)

N devia¡e scores for one subject,
mean values for N variables,
loadings for N variables on

K factor scores, and

N resídual or uníque conPonents '

x
x
x

1)
1)
K)

The computing procedures carried out in the five programs included

in this package are briefly outlined for each program in turn'

ALGORITHM FOR PROGRA}'I PRELIM

The following sËeps are carried out;-

1. The raw scores for M subjects on N variables are entered and

the correlation or variance/covariance matrix R, with elements

r. ., i = j = Lrzr "'rN, is computed' A1 ternatively R may be
LJ'

entered direct from cards '

2. Trace R is comPuted.

3. Program proceeds with eiEher or all of Stages I' II and III as

specified on Parameter card'

Stage I

4.TheeigenvaluesofRarecomputedbytheJacobidiagonalisation
method to solve

ln-ul where I
and

i = 1r2r...rN are eigenvalues
I is the identitY matrix.

0 t'
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The elementsr -li, of the eígenvalue vector L are arranged indescencring orde- of magnítude and listed together wíth theírpercentage contributÍons to Trace R.

SÈage II
rnítíal estimates of the resídua1 .r"rir.r"" vector u are entered.or alternatively are computed from the inverse of n .""orãi;;-;;,

1

u = diag R-

The Gauss-Jorgan method is used to comput. R-l and the determinant
lRl .

The eigenvalues of the reduced data matrix (R - u), that iswith communality estimates in the maín diagonals ) are computedto solve:
l(R-u)- rrl = o

where, as before , L i are eigenvalue elements of L.

The elements of L are arranged in descending ordpç of magnitudeand listed together with their percentage contributions toTrace (R - U)

Stage III
g" Vector D is set = diag R-1, that is., D = U-l

10. MaÈríx R is rescaled according to Jöreskeg's method as follows:

5

6

7

8

1 lo
D't '

a lnLl4
R

r. ."
1J'

The eigenvalues of

where the elements of rescaled
matrix R* are given by

= ÅL/2 _ ^l/2'i tij oj i = j = Ir2r""rN"

the rescaled matrix Rtk are computed to solve:

ln'* - rrl = o
}. are eigenvalue elements of L.

RD

11

t2

where, as before,

The elements of L are arranged in descending order of magnitudeand listed together wíth their percentage contributíons toTf,ace R".

The criterion value._C, indícating the significance of N _ Ksmallest roots of Rx, is computed for eaãh value of K from1 - N, accordíng to the Jöreskog method:

13.



-2t5-

Tr

cr \-f

/t

.I

i = K + 1, K { 2r",", N

i=K+1rKl2r...rN
1

*)2(2 À
2T

K
1

t4.

15.

EachvalueofCurwhichisdístríbutedapproxímatelyaschi-
lq".t", is liståâ together with the degrees of freedom given

¡v<N-r-r)(N-K+2)l 2.

New problem is commenced or end of file card is read and job

terminates.

Number of eigenvalues of R greater than 1,
Number of eigenvalues of (R - U) > 0,
Number of eigenvalues of R contributing a given Percentage
to Trace R, say 50, 60 or 70 per cent depending on the

nature of the Probl em,

d) Number of eigenvalues of (R - U) contributíng a given
percentage to Trace (R - U), say 90r 95-o'-100 per cent,

e) ñumber of eigenvalues of R'k beyond which the chi-square
criËerionisnon-significant-probablythemostreliable
assessment.

No te

Thedecísíononthenumberoffactorstoextractfromanydata
matrix ís always difficult to make and factor analysis should not be

undertaken wíthout clearly defined objectives and a detaí1ed knowledge

of the variables to be anãlysed. Depending on the nature of the

proposed invesrigation, PROçRAI4 PRELIM provides information that will
enable " t"t"orr"bly ob¡ective approach to the problem of when to

stop factoring t ot how many factors to extract" If the objective
ís to explaín the interactions among the varíables with mathematical

precisionrthenumberoffactorswillgenerallybehigherthaníf
the ob¡eclive is símply to explain the major sources of variation
with 1ãss relíance on rrstatistícal fit"'

Thefol]-owingsuggestedcriteriaforthenumberoffactorsmay
be found useful but lhe final choice must depend on the nature of
the problem: -

K= a)
b)
c)
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A],GORITHM FOR PROGRAM FACTIT

The following steps are carried out:-

1. The raw scores for M subjects on N varíables are entered andthe correlation matrix or the varíance/covariance matrix R,wíth elements rij , L = j = 1 ,2, ".. rî, is computed. A1 ter;ative_ly R may be enteied direct from cards" The means , and standarddeviations of the variables are computed and listeá.

2. Trace R, inverse R, and the determinant lRl are computed.

3. rf specifíed, the initial variance vector u1, with elements
uIí: i = 1r2r".. rî, is entered by card" or U may be computed
from the inverse of R according to:

U
1 diag R-1

4

5

The elements of u1 are scanned to ensure that their values lie
between 0 and ri1. rf this condition is not fulfilled for
each value, then the maximum absolute row values of R are
substituted for u" Thís check may disclose errors in theorigínal R maËrix or an insufficíent number of signifícantfigures in the elements of R when these have been punched on
cards 

"

6

7

The eigenvalues of the reduced data matrix (R - ul), thcü iswíth communality esÈimates in the maín diagonal eiemenËs, are
computed to solve:

l(n-uf)- Àrl = 0 whereÀ, i=1,2,...,N
^-^ ^1 ^-^-!- -¡erç srcr.rcrrLs o-L elgenvarue vector L and r is the identity matrix.

The elements of L are arranged in descendíng order of nagnitude
and the associated eigenvectors, formíng mairix E¡¡¡ with elementsuij, i = j = I,2r... rN, are placed in the 

"orr."pörrdíng order.

The number of factors K to be retained is either specified in
advance or computed according to the criteria entered on theparamctcr card by scanniLrg the elements of L"

The retained eigenvalues are placed in vector L with elementsAi, i = 1 ,2r. ". rK, and the asãociated eigenvectors form matrix
E with elements ei¡, i = 1r2r""",N; j = lr2r"."rK.

residual variance vector tJ2 are computed

8

9 New estímates of the
according to:

U2 diag (R ELE')
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10. The elements of IJ, are compared with those of u1 for convergence

within the sPecified value:
Is abÈolute value (uZi - u1i) > convergence value?

If convergence has not occurred Program proceeds from step 11 '
If convergence has occurred program proceeds from step 12'

11. The number of iterations is c>mpared with,the maximum number

permítted and if this has not been reached the residual variance
,r""totU2replacesvectorUlandlne\4Titerationconmencesat
step 5. If the maximurn ,r,rä-,b"r of iterations has been reached

the program Proceeds from steP 12'

12. The matrix of orthogonal factor loadings G is computed:

e = grl/2

wíth elements, that is factor loadings t g1i

13. The orthogonality of the solution is checked according to:

i = 1r2r...rN
j = 1r2r...rK'

I 
Rr."ror"al

N

oRTH = ltrn*rq 
Plq=r,2,"',K"

T4

j=1

ORTII should = 0 for true orthogonality '

The or.igínal dat,a matrix ís restored accordíng to:

R t GGr * U, and the determinant
festorec L

is found.

An approximate chi- square test is carried out according to:

x2 = n¡1oee (l*r"".or"dl / l* I )
where n, = (N _ t) - (ZN + 5)lø - 2Kl3
with (N - K) (N - K - L)lZ degrees of freedom'

15. A varimax orthogonal solution is obtaíned by the method of
Kaíser if speciiíed. The final transformed matrix of factor
loadings V ís comPuted bY :

V = GT where T is the orthogonal matrix
which transforms G to V under condítíons maximising the
Kaiser varímax criteríon.



16. The fÍnal commun
are computed and
ing to:

17 " The matrix of resi

' ,it i = i ==r,2
ft=

18.

19. An approximate chÍ-square test on
out accordíng to:

alities and residual variances of each variablethe data maÈrix restored as ín step 14 accord_
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R
res tored VVI +U

2

dual coefficients is computed wÍth elements
,.. " rN
Rrestored -R

The mean, error of mean, standard devíation, minimum andmaxímum or i_. are computed"
1J

the element.s of ñ. is carried

')

L"j / uzruzi í + j = LrLr"".rN
wherent=N-1:
r^'/íËh (N - K) (N - K - L)/2 degrees of freedom.

Program commences new problem or terminates on reading an end offí1e card"

x2= I'

20

No te

to carry o priircipal
rm non-ite sÍs by
ed on the rd to 1.performed the
in zero v first
1 will be rhe

trix or va beretained Ín the diagonals of a variance/covariance maÈrix" Fortrue principal components analysis all 
"o*porr"rrls are retaíned andK is set = N and no varimax roiation is specified" For modifiedprincipal componenËs anarysis, K is set tå any desired value ressthan N and varímax rotatíon can be performed íf required. Modifíedprincipal components is sometÍmes confused wiÈh factor analysis whichit resembles, but its objectives are fundamentalry different.

ALGORITHM FoR PROGRAM JORII,{A

PR'GRAM J.RTMA enables a matríx to be factored by either ofmethods. two



I
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Metho d I - Jöreskog Factor Analysis: the steps are as follows: -

andAs for PROGRAI{ FACTIT without calculation of means

standard deviations.

As for PROGRAI'I FACTIT"

Vector D with elements d-, i = l 12 r" ' rN is
or alternatively the resÏdual varíance vector
by cards as in FA'CTIT ttd 

_.,
D = U-

The data matrix is rescaled according to Jöreskogrs method

accordíng to:

DL 
l2 R. Dl/2 with elements

2

3
set = diagR-l
U is entered

4

R

5

ìk 'Llz* 'll2trr" i = j = ItZr"'rN where r" = d' ttj Oj
rJ

The eigenvalues and eigenvectors of the reduced data matrix
Rtk are computed to solve the equatíon:

In" - lr| = 0 where f,' are the elements of L'

The eigenvectors form matrix E wiEh elements errr i = j = Lr2r"'rN

TheelementsofLarearrangedindescendíiigorderofmagnitude
and the columns of E are placed ín corresponding order'

The K largest eígenvalues are listed together with their
percentag. "orrttibutions 

to the Trace R'k - K is the number of

conmon factors specified on the parameter card'

Jöreskogrs T value is computed according to:
\i-.1!_

L^t 
i = K + I' K + 2'

6

7

8

Xj - r>Llz urt''

..,N

i = 1,2r..rNi
j = 1,2r"rK'

9

oralternatively,ifinitialresidualvariances\^Tereenteredat
step 3, T is set = 1.

The Jöreskog matrix of factor loadíngs G ís computed according to:

c = E(L - T)l lz Dllz with elements g'. given by:

8ij = "ij 
(

10. Program proceeds as for steps 13 - 20 of PROGRAI'I FACTIT
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Method II - Image-Covaríance Factor Analysis : the steps are as follov¡s:_
1. As for PROGRAI{ FAcrrr wíthout calculation of means and standarddeviations.

2. As for PROGRAM FACTIT.

3 The vecËor of residual varíances U, wíth elements u. ,is entered by cards or alternativeiy, Ís comput"ã ;+;,of R according to: 
1

Í = 1r2r.."rN,
the inverse

4, The data matrix ís rescaled according to:

R'k = R + uR-lu - zu
For the diagonal elements of Rrk

(U forms a díagonal matrix with
zero off.-diagonal elements)

2u i = 1r2r.".rNu,
1

)ktii = tii

lJ= diag R-1

+

= r.. - u.1I a

L/z

factor loadings G ís computed

with elements gij given by:

1

For the off-diagonal elements of Rtk

rr*t* = t,, * rijrr-,r. - 2(0) í + j =rJ r-j -Í-j -\v/
where rtJ rr. the elements of R-1.

5. As for Method I - Jöreskog Factor Analysís (step 5)"
6 Ac fnr Mat}.^l r r*--^ -r-- - sr _ rur_cuKog ¡ acEor analysÍs (step 6) 

"

7. As for Method I - Jöreskog Factor Analysis (step 7).

This value ís analogous to a
communality estímate

i = 112r...rN; j = Lr2r.".rK.

13 - 20 of pROGRAI,I FACTIT.

L ,2, .,N

I The ímage-covariance matrix of
according to:

e = w.r/2

*tj = tí

9. The program proceeds

Lj J

as for steps
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ATGORITIIM FOR PROGRÆ'I MÆGIK

The followíng steps are carried out:-

l. The matrix of correlation coefficients or the variance/covaríance
matríx R is entered by cards. R has elements r-, i = j = 1r2r"N'
N is the number of variables and M is Ëhe number*' of subjects.

2 The Trace R

computed.
d. = t...r- 11'

3. The matrix of ínítial approximaËions to the factor loadíngs
Glt is entered.

1
I is the transpose of factor matrix G and has

where K is
gr ij i = 1r2r...rK;j = 1,2r..,rN

the number of factors entered on the parameter card'

1S
Ve

l=

computed and the determinant lRl is entered or
ctor D wíth elements d. is set = diag Rr that ís
L12r"'rN"

Note: MaËrix G

elements:

4. Initíal estimates of the residual variances are computed to
form matrix V, with elements vl ' according to:

ttj = uj - Etrr2 i = rt2,...rK; i = 1,2,...,N

5 . Comput e vec tor l,rl, according to , Wl = Gl 
(1) 

Vl - 
1

where G1 
(1) 

il :Ï:ri:å"Lî'îri,i,î:iï:''.i?fr'::'::îÏ:n:;: "'*"
variable loadings for the ' first factor.

6, Compute vecLor U, according to Ul = Wl * - ar(t).

7. Compute positive scalar S, = Uthlt"

8. Compute new estímates of the loadings for Factor 1 accordíng to:

c2(1) = ul l'r'''
g. Repeat steps 5 - 8 for each successive factor; for example

for Factor 2z- 
(,wz = c1(2) v1-1

2
U

S
2

I,ü R-G (2> - 
',r2 1

U I^I
2 2

u, / srllzG
2

(2) _

zGz
(1)

G
2

(1)



These steps result in
the factor matrix G.
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lhe formation of the second estimate of

10. Successive estimates of the residual
obtaíned as in step 4:-

variance vector 1'I 

, 4re

i = 112,"..,K; j2V=2j

where the elements B. .
1J

11. The new residual variances are compared with the ínitial set
for convergence within the value specified on the parameter
card.

Is absolute (VZ Vf) t convergence value?

taken place program proceeds from step 12
element of V, has taken place, program

d Lt2t"tN
J 1J

are from matrix G
2

If convergence has not
If convergence of each
proceeds from step 13.

T2. If
pro
ite
cyc
Gz

the maximum number of permitted iterations has been reached
gram proceeds from step 13. If the permitted number of
rations has not been reached the program commences a ne\^I
1e from step 5, substiÈuting vector V, for V, and matríx
for Gr.

13. The program proceeds as for steps 13 2O of PROGRAM FACTIT.

AI,GORITHM FOR PROGRA]"I FACSCO

This program esti-mates the beta coefficients for the computation
of factor scores for M subjects on K orthogonal factors usíng the
scores for the M subjects on N variables and the orthogonal matríx
of factor loadings G. Matríx G can be estimated by any of the methods
outlined above and can be the initial non-Ëransformed solution or
the varimax transformed solution"

Options set on the data parameter card permit entry to the
computing procedures at any of several points" If all options
are used, PROGRAM FACSCO first estímates the beta coefficients
from the matrix of factor loadings and then the estimated variances
of the factor scores wíth the contributions of each variable to the
estimated variances" The program then reads in the subjects'
orígínal observed scores together with the means and standard
deviations of the variables. The subJects' standard deviate
scores are computed, followed by the non-standardised factor
scores for each subject on the K factors. Finally, the factor
scores are normalised by dividing each by its standard deviaÈion
and adjusting to a mean of50 and a standard devíatíon of 10.
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Alternative procedures allow the program to:-

(1) Halt afËer calculation of beta coefficients;
(2) Read in beta coeffícients direct from cards;
(3),Enter the standard deviate scores for the

subjects direct from cards;
(4) Omission of the factor score normalisation.

The basic equation for the estímation of a subjectts factor
score can be written:

* blN'N

where f. is the non-normalísed score on Factor l,
I

(i = 1 ,2r...,N) is the vector of beta coefficíents
for Factor 1,

(i = 112r...rN) ís the vector of the subjectrs standard
deviate scores on N varíab1es.

* br3'3 *t bLz'zbrr'rft

btt

z.
1

1

2

If all options are specified PROGRAM FACSCO proceeds as follows:

The transpose of the matrix of orthogonal factor loadings is
enËered by cards. Matrix Gr has elements:

*ij i = 1,2r...rK; j = 1r2r'"'rN'

The residual variance vector V, with elements \rat i = Lr2r... rN,
is computed accordíng to t J

2
goijV = 1.0 Y-]L í = 112,...rK; j = I,2r...rN.

3. Matríx S = G'V-l i" computed (s is of order K x N).

4. Matrix J = G'V-IG is computed (.f is square of order K x K).

5. Marrix (I + J)-l i" compured (I is the K-order idenËity matríx)

6. l,tatrix [t - (r + J)-1 ] is computed.

7. Varíances of the factor scores are given by:

varíances = dias [l - (r + J)-t:l .

8. Standard deviations of the factor scores are computed:

E-t.* [t - (r + r)-Ï i = 1,2,...,K;

J

9 The matrix of beta coefficients B with elements b

-1 -1B = (I +J) -crv -
1J

is computed:



10. The total contributíons of the variables to the factor score
varíances are computed:

contríbution.. = f6 n i = Lr2r...rK;------^'íj L"ti'i3 j = 1,2,...,N.
11. The means i- and the sËandard deviations s, of the N varíabres

are enteredrand the standard scores for ."ån srrt¡ect on N
variables are computed according to:

,íj = (xij - i:) / "j i f l',I','.'..',#t.
whete z. , are the standard deviate scores and x. are observed
""or.". 

tJ --i j
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scores on K factors are computed; thus for oneL2. Each subjectrg
subj ec t:

J
f..

1
z

i = 1r2r.".rKi
j = 1,2r...rN.1J

13. The factor scores are normalísed to a mean of 50 and a standarddeviation of 10:

f..
1

(normal ) (10f . / ".d.rr"tor i) + 50.

L4. Ihe program commences a new problem after all factor scores are
listed, or termínates on readíng an end of file card.

Note: It may be found useful tO list the computed factor scores on
magneiic iape in the event thaE subsequent printing in order of
magnÍtude is required with subject identifícation, or if addítional
analysis of the factor scores ís anticipated.
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