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ABSTRACT 

Aims and objectives. Application of discrimi-

nant function analysis to confirm the metrical 

distinctiveness between Indian crania and the 

cranial series measured by W.W. Howells from 

elsewhere across the world, including the use of 

stepwise analysis to investigate whether the in-

dices that are diagnostic of Indian crania have 

implications for the efficiency and reliability of 

an Indian cranium’s identification as Indian. 

Materials and methods. The analyzed Indians 

include 1,002 adult crania, representing six 

language groups from northwest, North and 

South India, for which all 42 measurements 

used in the analysis are available. All measure-

ments for the Indians and comparative Howells’ 

series were converted to Mossiman indices to 

remove the effects of size. For the discriminant 

function analysis, the Indian crania were ran-

domly divided into “classification” samples (for 

developing the discriminant formulae) and 

“prediction” samples (to which the discriminant 

formulae were applied). Measurements were 

entered stepwise into the analysis based on their 

overall discriminatory value. 

Results and conclusion. Indian crania with di-

agnostically Indian index scores could be relia-

bly identified as Indian with the entry of a 

smaller number of measurements than Indian 

crania whose index scores are atypical of Indi-

ans. However, with the entry of all 42 measure-

ments, the great majority of Indian crania were 

correctly identified regardless of their index 

scores. Accordingly, index scores have implica-

tions for the correct identification of Indian 

crania only when a limited number of measure-

ments are available for analysis. 

GOALS OF THIS PAPER 

One goal of this paper is to demonstrate the 

value of craniometric index comparisons as part 

of using discriminant function analysis to detect 

the population affinities of human crania. When 

only a limited number of measurements is avail-

able for use, but their scope covers craniometric 

indexes that are indicative for the population to 

which the cranium belongs, then discriminant 

function analysis can be expected to detect the 

correct affinity to the degree that its index val-

ues align with those of its population. However, 

as long as critical measurements (covering the 

population’s indicative indices) are available for 

analysis, then the larger the number of analyzed 

measurements, the more likely is detection of 

the correct affinity. These points are demon-

strated through stepwise discriminant function 

analysis of crania of known population affinity 

from India. The results feed into the second goal 

of this paper, which is to show that a “South 

Asian” craniometric identity can be discerned at 

the level of the individual cranium, as well as 

the population level (as previously demonstrated 

by Raghavan et al. 2013). 
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INTRODUCTION 

Raghavan et al. (2013) analyzed ten series from 

northern India and South India, based on meas-

urements recorded by the first author. The 

northern Indian series comprised Punjabi and 

Haryanavi crania from Northwest India and 

Hindi crania from North India (all Indo-Aryan 

speakers), while the South Indian cranial series 

included Urdu, Konkani (Indo-Aryan speakers), 

Telugu, Kannada, Tamil, Tulu and Malayalam 

(Dravidian speakers). The series were measured 

using the linear chords and subtenses defined by 

Howells (1989). Averages for the males were 

compared on selected chords and illustrative 

indices with the series documented by Howells 

(1989) and with the Veddas of Sri Lanka (data 

from Woo and Morant 1934; Warusawithana-

Kutilake 1996). Principal Components Analysis 

and Mahalanobis distance comparisons were 

also applied to the six Indian series with sample 

sizes (males and females combined) of more 

than 50. 

The results demonstrate that northern Indians 

and South Indians are more similar to each other 

than either is to any of the Howells’ series, 

which cover the inhabited world outside of 

South Asia. In terms of cranial shape, South In-

dians are particularly unlike any of the Howells’ 

series, whereas northern Indians are intermedi-

ate between South Indians and “Caucasoid” se-

ries in Egypt and Europe. In terms of size, In-

dian crania are small, of a similar size to the 

crania of small-bodied populations such as Ka-

lahari Bushmen and Andaman Islanders. Vedda 

crania are similar to Indian crania both in their 

small size and in their shape, as registered by 

the index comparisons, indicating that we may 

refer to a “South Asian” craniometric identity 

that includes both Indians and Veddas. 

These results transcend the findings of previ-

ous studies where Indians are represented by 

generic samples and/or by a smaller selection of 

measurements. Brace et al. (1991) found that, in 

terms of cranial shape, the closest macro-

populations to Indians are Europeans and 

American Indians, although a specific affinity 

with Andaman Islanders is evident if Europeans 

are excluded from analysis. In the cranial-shape 

analysis of Warusawithana-Kutilake (1996:Fig. 

10) North Indians and Veddas are particularly 

close, and otherwise similar to Andaman Island-

ers, to the exclusion of Arabians and Burmese. 

Stock et al. (2007) found that their Ganges Val-

ley, Indus Valley, Himalayan, Northeast India 

Tribal and South India/Deccan samples cluster 

tightly together on the basis of small cranial size 

and distinctive shape tendencies; the closest 

populations to Indians include Afghanistan/Iran, 

Andaman Islanders, Veddas, and to a lesser de-

gree Sinhalese and West Asians. Similarly, in 

his analysis of our Punjabi sample, Wright 

(2008) found that the metrically closest popula-

tion is Andaman Islanders, which themselves 

cluster with West Asians and Howells’ Egyptian 

sample. An Indian-Andamanese affinity is a re-

curring finding of these studies, but not con-

firmed by Raghavan et al. (2013), which leaves 

it as an open question for this study. 

An important aspect of the study by 

Raghavan et al. (2013) is the demonstration of 

Indians’ craniometric variability. The six series 

subjected to Principal Components Analysis all 

include crania that are similar in size to the av-

erage recorded for European, African and 

southwest Pacific series, as well as other crania 

that are smaller than any documented for these 

latter series. Plots of the second and third com-

ponents, the two main shape components, show 

at least some overlap between every Indian se-

ries and every Howells’ series, with only a mi-

nority of Indian crania falling outside the range 

of variation of all of the Howells’ series. Simi-

larly, index analysis, extended to all ten Indian 

series, shows their considerable shape variabil-

ity. With few exceptions, all of the Indian series 

include cranial vaults that are broad in relation 

to their length as well as very narrow in this re-

spect, and cranial vaults that are low as well as 

very tall in relation to their length. All of the 

series also include faces that vary from very 

broad to narrow in relation to their height, with 

orbits that vary from broad to very tall and nasal 

apertures that vary from narrow to very broad. 

Comparable results were found in all of these 

aspects by Saini et al. (2017) in their study of 

adult Indian crania from two medical institu-

tions (not covered by Raghavan et al. 2013) in 

the Hindi-speaking state of Uttar Pradesh. 
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Table 1 summarizes the average shape char-

acteristics of Indian crania, compared to the 

Howells’ series, as revealed through index anal-

ysis (Raghavan et al. 2013). Indian cranial 

vaults tend to be narrow (low cranial index) but, 

in the case of South Indians, also tall (high vault 

length-height index). The frontal bone tends to 

bulge (high frontal curvature index) while the 

parietal and occipital bones are intermediate in 

their curvature. Indians tend to be orthognathic 

(low gnathic index) and posteriorly broad in re-

lation to facial breadth (high posterior cranio-

facial index). Indian faces tend to be narrow 

(high upper facial index), with weak projection 

of the zygomatic arches in relation to maxillary 

breadth (high bizygomatic-bimaxillary index), 

but intermediate in nasal aperture shape and, as 

a specifically South Indian feature, relatively 

broad in orbit shape (low orbital index). Finally, 

Indians’ faces tend to be medially projecting, 

with high facial subtenses; the only facial flat-

ness index for which Indians do not register a 

high average value is South Indians’ maxillary 

flatness index, which is intermediate.  

Table 1. Summary of Indians’ index comparisons (after Raghavan et al. 2013). For explanation of acronyms, see 

Table 3. 

Index Northern Indians South Indians 

Cranial index (GOL:XCB) Low Low 

Vault length-height index (GOL:BBH) Intermediate High 

Frontal curvature index (FRC:FRS) High High 

Parietal curvature index (PAC:PAS) Intermediate Intermediate 

Occipital curvature index (OCC:OCS) Intermediate Intermediate 

Gnathic index (BNL:BPL) Low Low 

Posterior cranio-facial index (ZYB:ASB) High High 

Transverse cranio-facial index (XCB:ZYB) Intermediate Intermediate 

Upper facial index (ZYB:NPH) High High 

Bizygomatic-bimaxillary index (ZYB:ZMB) High High 

Nasal index (NLH:NLB) Intermediate Intermediate 

Orbital index (OBB:OBH) Intermediate Low 

Frontal (facial) flatness index (FMB:NAS) Very high Very high 

Orbital flatness index (EKB:DKS) Very high Very high 

Maxillary flatness index (ZMB:SSS) High Intermediate 

Naso-dacryal index (DKB:NDS) High High 

Simotic index (WNB:SIS) High High 
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The above discussion raises the question of 

whether Indian crania, despite their variability, 

can be consistently classified correctly through 

multivariate statistical methods. The average 

index tendencies described above have potential 

implications for the correct classification of In-

dian crania. For instance, Indian specimens with 

a very low cranial index may be clearly distinct 

from the great majority of the crania measured 

by Howells (with their predominantly interme-

diate to high cranial index), whereas Indian 

specimens with a high cranial index may be less 

readily distinguishable from non-Indian crania.  

However, biometricians who undertake mul-

tivariate statistical analyses may regard shape as 

an aspect that can be appreciated only from con-

sidering the totality of measurements (e.g. 

Howells 1989:13–16), and accordingly dismiss 

the informative value of describing Indians’ 

cranial shape tendencies through select index 

comparisons. Such a dismissal can be tested 

through the classification exercises undertaken 

in this paper. If it is valid, then there should be 

no implications from index considerations (Ta-

ble 1) as to how well Indian crania can be cor-

rectly classified. If on the other hand we do find 

that index considerations have predictive value 

for how well Indian crania can be correctly clas-

sified, then we may infer that index compari-

sons indeed have value for describing shape 

tendencies. 

MATERIALS AND METHODS 

The six best-sampled Indian series measured by 

the first author, three from northern India and 

three from South India, are the series analyzed 

in this study. In this study, only the 1,002 

specimens with all of their measurements intact 

are included for analysis, producing the sample 

sizes listed in Table 2. These crania are stored in 

various human anatomy and physical anthropol-

ogy collections across India (Figure 1), along 

with three crania stored in the Museum of South 

Australia in Adelaide. The majority of the cra-

nia were obtained from medical dissections, 

with the remainder donated by collectors. All of 

these crania are of recent antiquity, which rules 

out the need to consider secular change in cra-

niometric tendencies, which is an issue raised 

by Saini et al. (2017). 

The great majority are from individuals of 

known adult status and sex, and in some cases 

their names are recorded. The first author also 

confirmed the adult status of the crania based on 

their degree of dental development and cranial 

suture closure, and confirmed their registered 

sex by recording the robustness of their su-

praorbital region, mastoid process and nuchal 

musculature with reference to the standard casts 

prepared by Larnach and Freedman (1964) for 

Australian Aboriginal crania. Thus, the first au-

thor familiarized himself with the adult male 

and adult female range of morphological varia-

tion of the various Indian series, allowing him to 

sex the adult crania of unrecorded sex.  

Table 2. Sample sizes of the six Indian series included in the present study. 

Language group Location Male sample size Female sample size 

Punjabis (Indo-Aryan) Northwest India 94 49 

Haryanavis (Indo-Aryan) Northwest India 89 47 

Hindis (Indo-Aryan) North India 164 106 

Telugu (Dravidian) South India 62 46 

Kannada (Dravidian) South India 140 55 

Tamils (Dravidian) South India 96 54 
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Figure 1. Distribution of the six language groups included in this study and location of the anatomical laboratories hold-

ing the analyzed skulls. Illustration by David Bulbeck.
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The measurements included in the analysis 

are the 42 listed in Table 3, ordered according to 

their overall weights in the male analysis con-

ducted here (which differ to some degree from 

their overall weights in the female analysis). 

These include the measurements used in the 

Principal Components Analysis of Raghavan et 

al. (2013), which also provides the means and 

standard deviations for the various Indian series. 

However, the current analysis excludes supraor-

bital projection and glabella projection, as these 

measure zero on a small number of very gracile 

crania, thus preventing their inclusion in calcu-

lating the geometric mean of these crania’s 

measurements. The geometric mean of the ana-

lyzed crania’s measurements is used so as to 

adjust the measurements for overall size, spe-

cifically in the form of “Mosimann indices” 

(Darroch and Mosimann 1985) whereby each 

measurement is placed in the numerator and the 

specimen’s geometric mean in the denominator. 

The effectiveness of this procedure in control-

ling for overall size can be seen from the fact 

that the overall weights of the measurements in 

the discriminant function analysis is unrelated to 

the scale of the measurement. For instance, the 

four measurements with the largest weights in-

clude three facial subtenses, which typically 

measure between 1 and 17 mm for any speci-

men, and also glabello-occipital length, which is 

usually a specimen's largest measurement (gen-

erally measuring between 160 and 190 mm).  

The objective of discriminant function analy-

sis is to assign weights to the entered measure-

ments (here, Mosimann indices) that maximize 

the correct classification of the analyzed speci-

mens to their population (cranial series). One 

potential objection to this technique is that it can 

be over-optimistic in its classification, in effect 

“overfitting” the available specimens based on 

the samples at hand. To counter this objection, 

and to take advantage of the large sample sizes 

of Indian crania (Table 2), the Indian samples 

were divided into “classification” and “predic-

tion” groups. The average sample sizes for the 

series analysed by Howells (1989) is 48 for 

males and 44 for females. Accordingly, these 

are the sample sizes allowed for the Indian 

“classification” groups, to mitigate against any 

tendency for the development of classificatory 

formulae that are biased in favor of the correct 

classification of what are sometimes very large 

samples of Indian crania. A random sample of 

48 males and 44 females was selected from each 

of the Indian series for inclusion in their “classi-

fication” groups, and the remaining crania were 

assigned to their “prediction” groups. 

Initial analysis included all of Howells’ 

(2009) data for the male and female series in 

Howells (1989), along with the “classification” 

Indian crania, for the measurements listed in 

Table 3 (males and females analyzed sepa-

rately). The default options in XLSTAT 2013 

were applied including the option to calculate 

canonical variates. The “prediction” Indian cra-

nia were then classified to series based on the 

formulae developed for the “classification” In-

dian crania. When this exercise was performed 

allowing for differences between the covariance 

matrices, it resulted in perfect classification of 

all of the “classification” crania (Indian or non-

Indian) but extremely poor classification of the 

“prediction” Indian crania (data not shown). In 

other words, the resulting formulae overfitted 

the specimens to their samples and thus lacked 

generality of application beyond these samples. 

Performing the same exercise with the simplify-

ing assumption of equality of the compared se-

ries’ covariance matrices, on the other hand, 

produced similar rates of correct classification 

for both the “classification” and the “prediction” 

Indian crania. Accordingly, the latter approach 

was followed as it neutralized the potential 

problem of overfitting. 

The measurements differed in their contribu-

tion to the overall correctness of classification, 

as registered by the differences in their overall 

weights. Accordingly, stepwise classification 

was then undertaken, entering the measurements 

sequentially based on their weights in the over-

all analysis (the order shown in Table 3 for 

males, and a slightly different order for fe-

males). The classificatory success of the analy-

sis was recorded at each step. 
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Table 3. Howells’ measurements employed in the discriminant function analysis. 

Measurement Acronym 

1. Simotic subtense (projection of the nasal bridge from the simotic chord) SIS 

2. Dacryon subtense (dacryon projection from biorbital breadth) DKS 

3. Naso-dacryal subtense (least nasal bone projection from interorbital breadth) NDS 

4. Maximum glabello-occipital cranial length GOL 

5. Orbital breadth from dacryon (left) OBB 

6. Simotic chord (least breadth across the nasal bones) WNB 

7. Maximum nasio-occipital cranial length NOL 

8. Nasal breadth NLB 

9. Bifrontal (upper facial) breadth FMB 

10. Interorbital breadth (across the dacrya) DKB 

11. Frontal subtense (maximum projection from the frontal chord) FRS 

12. Zygomaxillary subtense (subspinale projection from bimaxillary breadth) SSS 

13. Maximum transverse cranial breadth (above the supramastoid crests) XCB 

14. Malar subtense (maximum projection of malar bone from the maximum malar length) MLS 

15. Mastoid process breadth MDB 

16. Biauricular breadth (across the roots of the zygomatic processes) AUB 

17. Maximum transverse frontal breadth XFB 

18. Orbital height (left) OBH 

19. Bizygomatic facial breadth ZYB 

20. Inferior malar length (left) IML 

21. Bijugal breadth (breadth across the middle malars) JUB 

22. Cheek height (left) WMH 

23. Nasal height NLH 

24. Occipital subtense (maximum projection from the occipital chord) OCS 

25. Basion-nasion (cranial base) length BNL 

26. Biorbital breadth (across the ectoconchia) EKB 

27. Nasio-frontal subtense (nasion projection from bifrontal breadth) NAS 

28. Minimum cranial breadth (across the infratemporal crests) WCB 

29. Nasion-prosthion (upper facial) height NPH 

30. Foramen magnum (basion to opisthion) length FOL 

31. Parietal subtense (maximum projection from the parietal chord) PAS 

32. Bimaxillary (inferior malar) breadth ZMB 

33. Basion-bregma cranial height BBH 

34. Mastoid process height MDH 

35. Basion-prosthion (facial) length BPL 

36. Maximum malar length (left) XML 

37. Biasterionic (maximum occipital) breadth ASB 

38. Frontal (nasion to bregma) chord FRC 

39. Bistephanic breadth (frontal breadth across the inferior temporal lines) STB 

40. Occipital (lambda to opisthion) chord OCC 

41. Parietal (bregma to lambda) chord PAC 

42. External palate breadth MAB 
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In addition, the implications of index consid-

erations were incorporated into the stepwise 

classification based on the following protocol. 

Consider the case when the step involves the 

entry of the numerator measurement of an index 

for which northern and/or South Indians score 

relatively high in comparison with the Howells’ 

series. Then the expectation is that any Indian 

specimens scoring particularly high on that in-

dex should have their correct classification as-

sisted, whereas Indian specimens scoring par-

ticularly low on that index would be more prone 

to misclassification with a Howells’ series. (The 

inverse expectations apply with the stepwise 

entry of the numerator measurement of an index 

for which Indians score low compared with the 

Howells’ series.) Also, in the case of northern 

and/or South Indian crania that are outliers on 

an index for which Indians are intermediate, 

then the stepwise entry of either the index’s 

numerator or denominator measurement 

(whichever comes first) should work against the 

correct classification of Indian crania. This is 

because it should tend to confuse the Indian 

specimen with the Howells’ series that score 

either higher or lower than Indians for that in-

dex. 

Application of the protocol proceeded as fol-

lows. The first step involved flagging the Indian 

crania more than two standard deviations above 

or below their series average with reference to 

the indices listed in Table 1. Then, to address 

those indices where northern and/or South Indi-

an crania score high or low, inclusion of the in-

dex’s numerator resulted in the following flags: 

a single plus for crania with high expectation of 

correct classification (for instance, being two 

standard deviations above their series average 

for an index where Indians scores high), or a 

double minus for crania with low expectation of 

correct classification. As for the indices where 

northern and/or South Indians are intermediate, 

then the inclusion of either the numerator or else 

the denominator measurement for the index re-

sulted in any Indian specimen more than two 

standard deviations above or below its series 

average being flagged with a single minus. The 

plus and minus signs accumulated with the 

stepwise inclusion of measurements into the 

analysis (Tables 4 and 5). 

Some examples can help illustrate the proce-

dure. At step 1, with the introduction of SIS, 

any Indian specimen with a particularly high 

simotic index (more than two standard devia-

tions above its series average) would be flagged 

as “Indian+”, while any Indian specimen with a 

particularly low simotic index (more than two 

standard deviations below its series average) 

would be flagged as “Indian– –”.  

Let us now move onto step 2. Say the speci-

men is a northern Indian female and it is an out-

lier on its vault length-height index. Then, if it 

had been Indian+ at step 1 it would now be In-

dian+/– at step 2, or just “Indian” (with the plus 

and minus signs cancelling each other out), that 

is, not clearly expected to differ from the gener-

ality of specimens in its series in terms of its 

classificatory success. However, if the northern 

Indian female had been just “Indian” at step 1 it 

would now be Indian– at step 2, and if it had 

been Indian– – it would now be Indian– – –.  

Say, instead that we are dealing with male 

specimens, and we are considering the implica-

tions of the introduction of DKS to the analysis 

at step 2. The range of possible flags for a male 

Indian are “Indian++” (particularly high on both 

their simotic and dacryon subtenses), “Indian+” 

(particularly high on just one of these two 

subtenses), “Indian” (within two standard devia-

tions of its series average on both subtenses), 

“Indian–” (particularly high on one of the two 

subtenses and particularly low on the other), 

“Indian– –” (particularly low on just one of the 

two subtenses) and “Indian– – – –” (particularly 

low on both subtenses). 

To simplify the analysis, at each step of the 

stepwise discriminant function analysis, any 

multiplicity of plus or minus signs is ignored. 

This produces three groups of Indian crania:  

 “Indian+”, with an expected higher than av-
erage classificatory success (the EHTACC 

group),  

 “Indian”, with an expected average classifi-
catory success (the EACC group), and  

 “Indian–”, with an expected lower than aver-

age classificatory success (the ELTACC 

group). 
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Table 4. Implications of the indices for classifying northern and South Indian male crania. 

Steps in the classification at which the 

indices are involved 

Northern Indians South Indians 

High Low High Low 

Step 1: simotic subtense (SIS) + – – + – – 

Step 2: dacryon subtense (DKS) + – – + – – 

Step 3: naso-dacryal subtense (NDS) + – – + – – 

Step 4: glabello-occipital length (GOL) – – None None 

Step 5: orbital breadth (OBB) – – None None 

Step 8: nasal breadth (NLB) – – – – 

Step 11: frontal subtense (FRS) + – – + – – 

Step 12: zygomaxillary subtense (SSS) + – – – – 

Step 13: maximum cranial breadth (XCB) –, – – or – – – +, – or +/– –, – – or – – – +, – or +/– 

Step 18: orbital height (OBH) None None – – + 

Step 24: occipital subtense (OCS) – – – – 

Step 27: nasio-frontal subtense (NAS) + – – + – – 

Step 29: facial height (NPH) + – – + – – 

Step 31: parietal subtense (PAS) – – – – 

Step 32: bimaxillary breadth (ZMB) + – – + – – 

Step 33: basion-bregma height (BBH) None None + – – 

Step 35: basion-prosthion length (BPL) – – + – – + 

Step 37: biasterionic breadth (ASB) + – – + – – 

 

Table 5. Implications of the indices for classifying northern and South Indian female crania. 

Steps in the classification at which the 

indices are involved 

Northern Indians South Indians 

High Low High Low 

Step 1: simotic subtense (SIS) + – – + – – 

Step 2: glabello-occipital length (GOL) – – None None 

Step 4: dacryon subtense (DKS) + – – + – – 

Step 5: naso-dacryal subtense (NDS) + – – + – – 

Step 7: frontal subtense (FRS) + – – + – – 

Step 9: orbital breadth (OBB) – – None None 

Step 15: maximum cranial breadth (XCB) –, – – or – – – +, – or +/– –, – – or – – – +, – or +/– 

Step 16: zygomaxillary subtense (SSS) + – – – – 

Step 17: occipital subtense (OCS) – – – – 

Step 18: nasal breadth (NLB) – – – – 

Step 19: orbital height (OBH) None None – – + 

Step 20: nasio-frontal subtense (NAS) + – – + – – 

Step 24: parietal subtense (PAS) – – – – 

Step 26: bimaxillary breadth (ZMB) + – – + – – 

Step 34: basion-bregma height (BBH) None None + – – 

Step 35: facial height (NPH) + – – + – – 

Step 36: biasterionic breadth (ASB) + – – + – – 

Step 38: basion-prosthion length (BPL) – – + – – + 
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The results of the stepwise classification are 

presented separately for males and females, to 

show that the two sexes produce similar results. 

RESULTS 

Classification results with all 42 measurements 

The overall classifications of the Howells’ se-

ries and Indian “classification” samples using 

all 42 measurements are presented in Table S1 

for males and Table S2 for females. Overall cor-

rectness is 1,315/1,636 (80%) for males and 

1,170/1,420 (82%) for females, with more than 

half of the crania from every series correctly 

classified and, in some cases, all of the crania 

correctly classified. Importantly, the “misclassi-

fications” mostly involve populations that are 

known to be closely related, such as North Jap-

anese classified as South Japanese and vice ver-

sa; or, on a broader scale, the “misclassifica-

tions” between the lowland East Asian males of 

Anyang, Hainan, the Philippines, North and 

South Japan, and Taiwan (Atayal). However, 

there are also occasional cases of gross misclas-

sification, such as a Berg (Switzerland) male 

classified as a Kalahari Bushman. 

The Indian samples differ from the Howells’ 

series in their overall lower correct classifica-

tion (192/288 or 67% of males, 167/264 or 63% 

of females). This largely reflects the frequent 

cross-classifications between the three northern 

Indian samples, which are very similar to each 

other (239/276 or 87% of northern Indians clas-

sified with a northern Indian series), and be-

tween the three South Indian samples, which 

also are very similar to each other (241/276 or 

87% of South Indians classified with a South 

Indian series). There is also some degree of 

cross-classification between the northern Indian 

and South Indian samples, consistent with the 

finding of Raghavan et al. (2013) that the north-

ern and South Indian series comprise a distinct 

Indian craniometric cluster. The Kannada are 

always classified with an Indian series, but the 

other Indian series include small numbers of 

specimens classified with one or the other non-

Indian series in East Asia, the Pacific, Africa 

and Europe. Finally, there is just one case of a 

non-Indian specimen being classified as Indian, 

namely a Norse female classified as Hindi. 

The classification results of the “prediction” 

Indian crania (Tables S3 and S4) provide a real-

istic view of the metrical distinctiveness of Indi-

an cranial series, because the classificatory for-

mulae were developed for the “classification” 

Indian crania. The first point to note is that, as 

long as the sample size is 11 or more, the modal 

classification is always the correct classifica-

tion. The second point to note is that the clear 

majority are classified to their correct region in 

India (74% of northern Indian crania are classi-

fied with a northern Indian series including 

31/51 Punjabis, 141/178 Hindis and 30/44 

Haryanavis, while 82% of South Indian crania 

are classified with a South Indian series includ-

ing 12/16 Telugu, 51/58 Tamils and 83/103 

Kannada). Finally, 409/450 or 91% of these In-

dian crania overall are classified with an Indian 

rather than a non-Indian series (233 of 273 or 

85% of the northern Indian crania, and 176 of 

177 or 99% of the South Indian crania). Interest-

ingly, of the 41 cases classified with a non-

Indian series, 21 (51%) were classified with a 

European or Egyptian series. 

Stepwise classification results 

The stepwise classification results are presented 

in combination with the index analysis. As ex-

plained previously, based on index analysis the 

Indian crania were sorted into three groups with, 

respectively, an expected higher than average 

correct classification (EHTACC), expected av-

erage correct classification (EACC), and ex-

pected lower than average correct classification 

(ELTACC). 

The point of stepwise classification is to find 

the minimum set of measurements that achieves 

classificatory results that are essentially as cor-

rect as the full measurement suite. This mini-

mum set of measurements is marked by reach-

ing a plateau along which the inclusion of addi-

tional measurements has minimal impact on 

classificatory correctness. The practical signifi-

cance of these plateaus is illustrated well with 

the results for the Indian “classification” crania.  

For the EHTACC females, a stable result of 

100 per cent correct classification was achieved 
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at step 21 with the introduction of FMB (Figure 

2). As for the EACC females, 96–98 per cent 

correct classification became stable at step 28 

with the entry of FOL. Classificatory correct-

ness of the ELTACC females stabilized at step 

29 (with the entry of MDH), and at a lower rate 

(about 91 per cent correct classification). Thus, 

the index analysis not only accurately distin-

guished between female Indian crania with 

higher than average, average, and lower than 

average correct classification, it also flagged 

classificatory efficiency (in the sense of requir-

ing fewer measurements entered stepwise into 

the analysis to achieve stable classificatory cor-

rectness). 

For the EHTACC males, a stable result of 

approximately 100 per cent correct classifica-

tion was achieved at step 13 with the introduc-

tion of XCB. The most notable departure from 

this ideal result occurred at step 38 (with the 

entry of FRC), at which point the correct classi-

fication of the EHTACC males dipped to 97 per 

cent (Figure 3). As for the EACC males, the 

plateau in classificatory results was delayed till 

step 19 (with the entry of ZYB) and the classifi-

catory success was generally lower (about 95–

98 per cent). As for the ELTACC males, the 

plateau in classificatory results was still further 

delayed (step 29, with the introduction of NPH) 

associated with relatively low classificatory cor-

rectness (about 92 per cent). Thus, index analy-

sis accurately distinguished the Indian crania 

with expected lower than average correct classi-

fication from their counterparts with average or 

higher than average correct classification. Also, 

index analysis flagged classificatory efficiency 

in terms of the number of measurements (least 

for the EHTACC males, and most for the 

ELTACC males) required for stepwise entry 

into the analysis to achieve stable classificatory 

correctness. 

Turning to the “prediction” Indian females, 

we can see that an excellent result was obtained 

for the EHTACC crania (Figure 4). A stable 

outcome of 100 per cent perfect classificatory 

correctness was achieved at step 13 with the en-

try of WNB. On the other hand, there was no 

clear difference between the EACC and 

ELTACC Indians in this analysis. Both groups 

plateaued at around 86 per cent classificatory 

correctness at step 21 with the entry of FMB. 

In the case of the “prediction” Indian males, 

the results were less even than was the case with 

the classification Indian males (Figure 5). On 

the one hand, the EACC Indian males achieved 

a plateau of about 92–94 per cent correctly clas-

sified at step 20, with the entry of IML. Further, 

a lower correct classification, of about 85 per 

cent, became stable at a later step (32, involving 

ZMB) for the ELTACC Indian males. However, 

for the EHTACC Indian males, there was no 

sign of stability in the level of classificatory cor-

rectness until step 35 (BPL), and then at about 

the same level (94 per cent) as the EACC males. 

It is also of interest to review the proportions 

of Indian crania that are correctly classified to 

their region, that is, northern Indians classified 

with a northern Indian series and South Indians 

with a South Indian series. The predictions of 

index analysis in terms of expected higher than 

average, average and lower than average classi-

ficatory correctness are not as strong as for their 

being classified with an Indian series, because 

northern and South Indians have more similari-

ties than differences in terms of their index 

analysis implications (Tables 4 and 5).  

With the classification Indian females (Fig-

ure 6), classification to the same region accord-

ed with the predictions of the index analysis at 

every step as of the introduction of OCS at step 

17. However, to the degree that a plateau in 

classificatory correctness can be discerned, it 

occurred at a later step. These were step 23 

(IML, about 93 per cent correctness) for the 

EHTACC females, step 29 (MDH, about 83 per 

cent correctness) for the EACC females, and 

step 30 (BNL, about 76–79 per cent correctness) 

for the ELTACC females. 

With the classification Indian males (Figure 

7), considering firstly the EACC crania, we see 

that a consistent result of 90–95 per cent classi-

ficatory correctness was achieved at step 27 

with the entry of NAS. At step 28 (NAS) and 

the following  steps, a similar  outcome was ob-

tained for the EHTACC crania, but with some 

up and down movement proceeding from step to 

step. Both groups were clearly distinguished 

from the  ELTACC crania,  whose  classificatory 
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Figure 2. Female “classification” crania: proportions classified as Indian (stepwise classification). Illustration by David Bulbeck. 
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Figure 3. Male “classification” crania: proportions classified as Indian (stepwise classification). Illustration by David Bulbeck. 
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Figure 4. Female “prediction” Indian crania: proportions classified as Indian (stepwise classification). Illustration by David Bulbeck.
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Figure 5. Male “classification” crania: proportions classified as Indian (stepwise classification). Illustration by David Bulbeck.
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Figure 6. Female “classification” Indian crania: proportions classified to same region in India (stepwise classification). Illustration by David Bulbeck.
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Figure 7. Male “classification” Indian crania: proportions classified to same region in India (stepwise classification). Illustration by David Bulbeck. 
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Figure 8. Female “prediction” Indian crania: proportions classified to same region in India (stepwise classification). Illustration by David Bulbeck.  
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Figure 9. Male “prediction” Indian crania: proportions classified to same region in India (stepwise classification). Illustration by David Bulbeck. 
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correctness plateaued at about 75 per cent at 

step 28 (involving the entry of WCB). 

As for the prediction Indian females (Figure 

8), at most of the steps the proportion of correct-

ly classified EHTACC crania was higher than 

the proportion of correctly classified EACC 

crania, which in turn was higher than the pro-

portion of correctly classified ELTACC crania. 

However, it was only at step 26 (with the entry 

of ZMB) that these differentiations stabilized, 

and only at step 38 (with the introduction of 

BPL) that plateaus of classificatory correctness 

(85 per cent for the EHTACC females, 75 per 

cent for the EACC females and 61 per cent for 

the ELTACC females) were arrived at. 

As for the prediction Indian males (Figure 9), 

it was the EACC group that was most success-

fully classified to the correct region. A stable 

outcome of around 83 per cent correctness was 

achieved at step 28 with the introduction of 

WCB. As for the ELTACC crania, a stable out-

come was obtained at a later step (step 31, with 

the entry of PAS) and at a lower level (about 68 

per cent correctness). Any stability in the pro-

portion of correctly classified EHTACC crania 

is not in evidence until step 33 (BBH), after 

which point the proportion of correctly classi-

fied crania (around 74 per cent) fell between the 

proportions obtained for the EACC and 

ELTACC crania. 

Finally, we may note how the stepwise anal-

ysis demonstrates the non-Indian status of the 

non-Indian crania. As the non-Indian crania 

measured by Howells were all treated here as 

“classification” crania, presentation of their 

classificatory results is restricted to Figures 2 

and 3. The proportion of non-Indian crania mis-

classified with an Indian series dropped to about 

5% at step 3 and virtually 0% at step 18. Over-

all, when non-Indian crania were misclassified, 

it was overwhelmingly with other non-Indian 

series rather than with an Indian series (Tables 

S1 and S2), underlining the distinctiveness of 

the Indian “craniometric identity”. 

DISCUSSION 

Implications for modern humans’ craniometric 

classification 

Correct classification of the Indian series was 

merely moderate, involving 65 per cent of the 

“classification” crania and 45 per cent of the 

“prediction” crania. This can be ascribed to in-

ternal variability within the Indian series which 

made it difficult to develop classificatory for-

mulae that are distinctive for each of the Indian 

series. One cause for this internal variability 

could be the wide geographic spread of the 

sampled Indian series and the anatomical insti-

tutes containing their crania, particularly affect-

ing the Hindi and Telugu samples (Figure 1). By 

contrast, most of the Howells’ (1989) series in-

volved specimens from a single cemetery. How-

ever, it should be noted that all of the Haryanavi 

crania came from a single institute, yet they did 

not differ markedly from the other Indian series 

in their classificatory correctness (Tables S1 and 

S2). Additional contributors to the internal vari-

ability of the Indian series, such as their being 

represented by multiple castes and their possibly 

heterogeneous origins (Majumder and Basu 

2015), may also be at stake. 

The classificatory analysis found a heuristic 

benefit in recognizing northern and South Indi-

an groupings, with 87 per cent of the classifica-

tion crania and 77 per cent of the prediction cra-

nia classified to their correct region. However, 

this would not justify treating northern India and 

South India as two homogeneous regions in 

terms of human biology. Both regions include 
large numbers of “tribal” societies represented 

by, at best, very small cranial samples in Indian 

anatomical institutes, which led to the exclusion 

of these societies from the study by Raghavan et 

al. (2013). Further, four of the groups reviewed 

in that study, including two South Indian groups 

that speak Indo-Aryan languages, were repre-

sented by samples of inadequate size for the 

multivariate analysis undertaken here. 

The distinctiveness of the Indian series from 

the series measured by Howells (1989) may 

partly reflect the geographical distance from In-

dia of the Howells’ series. Of these, the closest 

are Andaman Islanders to the east and Cauca-
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soid groups to the west. Andaman Islanders and 

Caucasoids were also the groups that previous 

craniometric studies generally found to be close 

to South Asians, as reviewed in our Introduc-

tion. 

However, our classification results provide 

no confirmation for inferring a craniometric 

similarity between Indians and Andamanese. Of 

the 1,002 analyzed Indian crania, only two (both 

Punjabi “prediction” males) were classified as 

Andamanese. Similarly, none of the 64 Anda-

manese crania measured by Howells were clas-

sified with Indian groups (Tables S1 and S2). 

Projection of the mid-facial skeleton is a 

strongly distinguishing feature of South Asians 

(Tables 4 and 5), in contrast with the much flat-

ter faces of Andamanese (Raghavan et al. 

2013). Inclusion of facial subtenses in our 

analysis but to a lesser degree, or not at all, in 

previous studies can explain why our analysis 

disputes an Andamanese-South Asian cra-

niometric affinity. Where the present study en-

hances the findings of Raghavan et al. (2013) is 

in showing that the difference between Anda-

manese and South Asians applies at the level of 

individual crania as well as the population level. 

Although Reich et al. (2009) found a deeply 

rooted genetic affinity between Andaman Is-

landers and South Indians, our evidence sug-

gests that a specialized, distinct craniometric 

shape evolved for both Andamanese and South 

Indians as a result of genetic isolation between 

these populations in the distant past. 

On the other hand, some level of craniomet-

ric similarity between Indians and Caucasoids is 

suggested by the fact that around half (51 per 

cent) of the misclassifications of the prediction 

Indian crania involved a Caucasoid series. Thus, 

the Eastern Mediterranean region lying between 

South Asia and Europe may be expected to in-

clude populations intermediate in their cra-

niometrics between Indians and Caucasoids, as 

also found by previous studies, notably (Wright 

2008). This finding aligns with the evidence 

from human genetics of an external contribution 

to the gene pool of Indo-European speakers dis-

tributed from Europe to northern India, associ-

ated with Holocene dispersal from Central Asia 

(Majumder and Basu 2015; Silva et al. 2017). 

A deeper insight into Indians’ craniometric 

distinctiveness is provided by stepwise classifi-

cation of the crania, aligned with analysis of the 

index implications (Figures 2 and 3). In overall 

terms, index analysis was successful in predict-

ing which Indian crania would have, respective-

ly, higher than average, average, and lower than 

average classificatory correctness—especially 

when using just a small number of measure-

ments relating to indices that are particularly 

diagnostic of Indians. Further, the non-Indian 

status of the great majority of crania from the 

Howells’ series becomes quickly apparent with 

the entry of even a small number of stepwise 

measurements. 

On the other hand, a small number of index 

values unusual for Indians may be a poor indi-

cator that the cranium in question is non-Indian. 

As long as a sufficiently large suite of meas-

urements was included in the analysis, correct 

classification rates of circa 80–90 per cent were 

obtained even for Indian crania with certain 

very non-Indian characteristics (Figures 2 to 5). 

Accordingly, multivariate analysis extracts far 

more information relevant to correctly classify-

ing Indian crania than would be obtained from 

simply considering the index implications sum-

marized in Table 1.  

Our results have implications beyond the cor-

rect classification of Indian crania. First, any 

series that are craniometrically distinct should 

be amenable to index analysis. For instance, 

284/297 (93 per cent) of Southwest Pacific 

(Australian, Tasmanian and Tolai) crania are 

correctly classified to a Southwest Pacific series 

(Tables S1 and S2), so there should be a combi-

nation of indices that reflects a distinctly 

Southwest Pacific cranial shape. Secondly, if 

our task were to assess the ancestry of a “mys-

tery” cranium, then we should apply discrimi-

nant function analysis to the largest available 

suite of measurements, whilst exercising care in 

interpreting the results depending on which 

measurements are available. For instance, the 

question of a possible Southwest Pacific ances-

try for the mystery cranium would be addressed 

by the available measurements only to the de-

gree that they have a promising diagnostic 
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prognosis based on analysis of distinctively 

Southwest Pacific indices.  

Implications for Indians’ biological relation-

ships 

The implications of this study for the biological 

relationships of Indians to other branches of 

Homo sapiens are essentially the same as those 

discussed by Raghavan et al. (2013). The 

craniometric distinctiveness of Dravidian-

speaking South Indians from every group except 

northern Indians is clearly confirmed. Northern 

Indians for their part show some similarity with 

“Caucasoid” (circum-Mediterranean) popula-

tions, on top of their strong similarities with 

South Indians. Accordingly, northern India is 

transitional between circum-Mediterranean and 

South Indian populations in their cranial shape, 

although with their major orientation south-

wards, towards the rest of the South Asian sub-

continent. The craniometric distinctiveness of 

Indians accords with genetic studies that point 

to a predominantly indigenous component in 

Indians’ ancestry, tempered with genetic influx 

from the north, associated in particular with the 

spread of Indo-Aryan languages (Reich et al. 

2009; Silva et al. 2017). 

CONCLUSION 

Previous metrical study of Indian crania by 

Raghavan et al. (2013) from across the South 

Asian subcontinent found great variability with-

in all of the series, combined with average 

trends whereby the Indian series resemble each 

other and contrast with series outside of South 

Asia. This contribution confirms the 
craniometric distinctiveness of Indian crania, 

notwithstanding their intra-series variability, 

through stepwise discriminant function analysis 

of the six with the largest sample sizes. The 

proportion of crania from places beyond South 

Asia classified as Indian is negligible, while 

over 90% of Indian crania are correctly identi-

fied as Indian. This correct identification of In-

dian crania is enhanced amongst those speci-

mens whose possession of pronouncedly Indian 

craniometric attributes is revealed through index 

analysis. Indians’ craniometric distinctiveness 

aligns with genetic evidence for the predomi-

nantly indigenous ancestry of Indians who 

speak Indo-Aryan and especially Dravidian lan-

guages. 
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