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ABSTRACT: Historically, when predicting the ancestry of human skeletal remains, forensic anthropologists have not fully considered the varia-
tion within human populations, but instead have relied on a typological, experience-based approach. Unfortunately, reliance on observer experience
has produced a method that is as much an art as it is a science. This research focuses on the frequency distribution and inter-trait correlations of 11
common morphoscopic traits to demonstrate that the experience-based approach to ancestry prediction is indeed an art that is unscientific, because it
is unreplicable, unreliable, and invalid. Ten of 11 traits examined had frequency distributions with significant differences (p < 0.001) between groups,
but the range in variation of these traits far exceeds previous assumptions. Such within group variation clearly demonstrates that extreme trait expres-
sions are not reliable for estimating ancestry through visual observation alone, but instead that these traits should be analyzed within a statistical

framework.
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An integral part of the biological profile constructed by forensic
anthropologists for unknown human skeletal remains is a prediction
of the peer-perceived ancestry of an individual. This prediction is
usually accomplished through visual inspection of morphological
variants of the cranium and mandible (i.e., nonmetric or morpho-
scopic traits) or through an analysis of measurements of the cranial
and postcranial skeleton. However, predicting ancestry using
nonmetric traits is not straightforward and often relies on years of
experience and a remarkable understanding of human variation.

Interpreting nonmetric traits has traditionally involved qualifying
a bone’s shape (e.g., the nasal bones have a “Quonset hut” shape),
a suture’s course (e.g., the zygomaticomaxillary suture [ZS] is
S-shaped), a feature’s presence or absence (e.g., a postbregmatic
depression [PBD] is present), or a feature’s degree of expression
(e.g., the anterior nasal spine [ANS] is pronounced). Ousley and
Hefner (1) have noted a discrepancy between the traits employed
by biological anthropologists using binary variables (e.g., pterygo-
alar bridging) of a single individual for biological distance studies
and the variables of the skull (e.g., nasal bone structure) used by
forensic anthropologists to predict ancestry. They suggested the
term morphoscopic traits to describe the nonmetric traits used in a
forensic context and having historical ties to E.A. Hooton (1887—
1954). The traits established by Hooton in his laboratory are used
today by the majority of forensic anthropologists (2,3), and his
contributions to skeletal biology have had a major impact on the
current philosophies and methodologies for ancestry prediction in a
forensic context.

While Hooton did not use morphoscopic traits explicitly for the
purpose of predicting ancestry, he recognized their utility for classi-
fication purposes. “They [morphoscopic traits] are capable of clas-
sification according to presence or absence, [and] grade of
development and form, if the observer is experienced and is able to
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maintain a consistent standard for his morphological appraisals”
(4). Clearly, Hooton recognized the need for standardizing observa-
tions among observers (4-6). This conviction was made even more
clear, when he tested his own students and found such a low level
of observer agreement that he was almost certain of the complete
unreliability of these traits (6). Fortunately, he did not abandon
morphoscopic traits completely, but instead sought to standardize
the descriptions and illustrations of the traits to reduce some of the
subjectivity and interobserver errors he had noted. Eventually, he
developed the “Harvard List,” a series of cranial nonmetric traits
and observations for skeletal analysis. The illustrations Hooton cre-
ated for the Harvard List (Fig. 1) were never published; however,
along with the Harvard List, they have greatly influenced the traits
used in predicting ancestry in a forensic context (2,3,7,8). The
intent of the Harvard List was to reduce the subjectivity inherent in
the process of trait observation, but the historical reliance within
forensic anthropology on elements of the Harvard List without
additional refinement has diminished the value of ancestry predic-
tion using morphoscopic traits: a method still viewed by Rhine as
much an art as it is a science (3). Hooton also noted that “we can-
not be sure of the phenotypic composition of a population until the
type combinations have been observed and tabulated in individuals
as combinations and not as isolated traits” (4). Unfortunately, no-
one addressed the issue of subjectivity or standardization until
recently. Walker (9) recently confirmed the usefulness of illustra-
tions for reducing interobserver error when sexing the skull visu-
ally. He also clearly demonstrated that the results of such an
analysis can be easily put into a statistical framework. In such a
framework, it is the combinations of traits that work best, rather
than single traits alone.

The lack of a methodological approach and, more importantly,
the fact that there are no error rates associated with ancestry predic-
tion using the morphoscopic method, suggest that they have not
been investigated with appropriate scientific and legal consider-
ations in mind. Minimizing subjectivity is certainly one of the goals
of the scientific method (10). In light of the Daubert ruling (11),
forensic anthropologists need to standardize and test the methods
they apply to all aspects of skeletal analysis. Mastery of the “art”
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FIG. 1—A representative example of Hooton’s line drawings.

of ancestry prediction is proportional to the experience of the ana-
lyst. Experienced observers are often able to predict ancestry cor-
rectly for the populations with which they regularly work, citing
one trait or another in support of their assessment, but when
pressed for an explanation, they often have trouble detailing their
methods (12). This is the traditional approach in ancestry predic-
tion. The emphasis is on experience, simplified trait scales, and
extreme trait values rather than on patterns of trait distribution.
When ambiguous or discordant trait values are encountered, admix-
ture (3,8), or individual idiosyncrasy (3) is invoked without any
consideration of the actual distribution of the traits in the reference
population. Such conclusions are inevitable when using lists of
traits supposedly representative of each ancestry as presented in
textbooks and research articles (13,14). Hefner (15,16) and Hefner
and Ousley (17) demonstrate that these traits cannot be viewed in
such a simple manner. In fact, scoring only six traits (ANS, inferior
nasal aperture [INA], nasal bone structure, nasal aperture width
[NAW], PBD, transverse palatine suture [TPS]; see below for a
description of these traits) in a large, diverse sample, Hefner and
Ousley (17) noted that the percentage of individuals with all of the
expected trait values based on race ranged from only 17% to 58%.
Their results, and the findings of Hefner et al. (12), highlight the
key paradox associated with the use of morphoscopic traits: foren-
sic anthropologists claim they can assess ancestry to a high degree
of accuracy using these traits, but the actual trait frequencies of
these traits are much lower than assumed. So, if forensic anthropol-
ogists can predict ancestry accurately using a visual approach, what
traits are they using? Hefner and Ousley (17) have suggested that
forensic anthropologists estimate ancestry using the cranial Gestalt
(the overall morphological impression) and, after a positive identifi-
cation, choose traits post hoc that support their subjective evalua-
tion. Thus, the traits will appear to be objective and valid
indicators of ancestry although the process is subjective. In such a
process, the forensic anthropologist will not discover combinations
of traits that are more valid in estimating ancestry, and the science
cannot progress. This subjective method of analysis has repercus-
sions for the witness stand and in forensic reports (18).

Expert witness testimony based on subjective analyzes can be dis-
missed today in light of recent interpretations of the Daubert ruling
(11). The reliability of a method must now be demonstrated with sci-
entific findings rather than some level of certainty based on experi-
ence (19). Predicting ancestry using morphoscopic traits does not
currently address the guidelines established by Daubert, in part
because these traits have not been established as reliable or valid,
they have not been subjected to appreciable peer review, and they
have no known error rates. Although the use of morphoscopic traits
in predicting ancestry have been accepted by the forensic anthropo-
logical community, the method relies too heavily on experience (12).

The experience-based method of ancestry prediction using mor-
phoscopic traits indeed is an art: an art that is intuitive, untestable,
unempirical, and consequently unscientific. The purpose of this
paper is to address the issues Hooton noted over 60 years ago, and
to refine existing standards for morphoscopic trait analysis and
explore the distribution of nonmetric traits in a large sample of
modern human crania.

Materials and Methods
Samples

To explore trait variation among groups, 11 common morpho-
scopic traits (Table 1) were collected for 747 individuals. Table 2
presents the sample sizes by group. Hefner (15) previously found
no significant sex differences in morphoscopic traits, so males and
females were pooled within groups for analysis. Following the typi-
cal forensic model, populations are grouped according to geo-
graphic ancestry and a pooled, four-group model is used for all
subsequent analyses.

African Sample—The African sample consists of native Africans
and American Blacks. The native African sample comprises indi-
viduals from East and West Africa (n =15 and n = 17, respec-
tively) collected during the Smith African Expedition (1909) and
purchased by the Smithsonian Institution through the efforts of
Frederick Muller & Co., Amsterdam, Holland in 1910. They are
currently housed at the National Museum of Natural History
(NMNH), Smithsonian Institution, in Washington, DC. The Ameri-
can Black sample is derived from the Robert J. Terry Collection

TABLE 1—Morphoscopic traits used in this study.

Morphoscopic Trait References

Anterior nasal spine Gill (34); Hefner (15);
Rhine (3)
Gill (34); Hefner (15);
Krogman and Iscan (35); Rhine (3)
Bass (36); Gill (34);
Gill and Rhine (37); Hefner (2);
Rhine (3)
Hauser and De Stefano (21);
Hefner (15); Rhine (3)
Bass (36); Hefner (15); Rhine (3);
Stewart (38);
Brues (2); Gill (34); Hefner (15)
Hefner (15); Rhine (3)
Bass (36); Hefner (15);
Krogman and Iscan (35); Rhine (3)
Hauser and De Stefano (21);
Hefner (15)
Gill (34); Hauser and De Stefano (21);

Inferior nasal aperture

Interorbital breadth

Malar tubercle
Nasal aperture width

Nasal bone contour
Nasal overgrowth
Postbregmatic
depression
Supranasal suture

Transverse palatine

suture Hefner (15); Rhine (3)
Zygomaticomaxillary Gill (34); Hauser and De Stefano (21);
suture Hefner (15); Rhine (3)




TABLE 2—Materials used in this study (male and female samples).

Sample Female (n) Male (n) Age
Native North Americans (prehistoric and protohistoric)
Arikara 18 24 1550-1700
Hawikuh 16 24 1000-200 Bp
Doyon Eskimo 24 15 1600+
Pastolik Eskimo 8 4 1600+
Pueblo Bonito 4 3 1000-200 Bp
Santa Barbara 27 30 1000-200 Bp
Almeda 17 9 1000-200 Bp
Perico Island 10 7 1000-200 Bp
Canaveral 6 13 1000-200 Bp
St. Lawrence Eskimo 4 5 1800+
Terry Collection
American Whites 89 81 19th Cent.
American Blacks 61 89 19th Cent.
W.M. Bass Collection
American Blacks 4 34 Contemporary
Japanese 5 10 Contemporary
Dutch 3 4 Contemporary
German 4 4 Contemporary
Chinese 6 53 Contemporary
African
East 8 7 Contemporary
West 7 10 Contemporary
Total 321 426

(n = 150) and the William M. Bass Donated Skeletal Collection
(n = 38).

Asian Sample—The Asian sample consists of individuals from
Japan (n = 15), China (n = 59), and North America housed at the
NMNH. The Japanese specimens are from the Tokyo prefecture
and were all donated by Tokyo Imperial University to the Smithso-
nian Institution. The Chinese crania were obtained by Ales
Hrdlicka from a cannery cemetery in Karluk, Alaska. They repre-
sent Chinese individuals who worked in the salmon canneries in
the late 1800s.

European Sample—The European sample consists of native
Europeans and American Whites. The European sample (n = 15)
represents individuals purchased by the NMNH from anatomical
houses or other museum trades. The American White sample is
derived from the Robert J. Terry Collection (n = 170).

Native American—The native American sample consists of the
following groups (all housed at the NMNH): Arikara, SD (n = 42),
Hawikuh, NM (n = 40), Doyon Eskimo (n = 39), Pastolik Eskimo
(n = 12), Pueblo Bonito, NM (n = 7), Santa Barbara Island, CA
(n = 57), Almeda, CA (n = 26), Perico Island, FL. (n = 17), Cape
Canaveral, FLL (n = 19), and St. Lawrence Eskimo (n = 9). These
groups are pre- and protohistoric, ranging in chronological age from
1000 years before present to the early 19th century.

Morphoscopic Traits

Data were collected by the author using a data entry program
(20) designed for the collection of morphoscopic trait data (Fig. 2)
and available from the author. The definitions for each trait are
modified from several sources (2,3,13,14,21). Each trait definition
is presented along with individual character states and line draw-
ings. Previous definitions and line drawings did not encompass the
range of variability in skeletal populations or were considered unin-
formative. These new definitions were used for this analysis and
are recommended for future studies.
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FIG. 2—Screen-capture of the computer program Macromorphoscopics.

ANS—One commonly encountered problem when assessing an
ANS is the extreme fragility of this area, which is often damaged
either peri- or postmortem. Those crania exhibiting trauma, pathol-
ogy (including alveolar resorption), or postmortem damage to the
overall inferior nasal margin were excluded from the analysis. The
ANS (Fig. 3) is scored progressively as slight, intermediate, and
marked: (i) Slight: minimal-to-no projection of the ANS beyond
the INA, (ii) intermediate: a moderate projection of the ANS
beyond the INA, and (iii) marked: a pronounced projection of the
ANA beyond the INA.

INA—Inferior nasal morphology is defined as the most inferior
portion of the nasal aperture, which, when combined with the lateral
alae, constitutes the transition from nasal floor to the vertical portion
of the maxillae, superior to the anterior dentition. INA is an assess-
ment of the shape of the inferior border of the nasal aperture. Bilateral
asymmetry was noted. In those instances where bilateral asymmetry
did occur, the left side was used. INA (Fig. 4) is scored as follows: (i)
an inferior sloping of the nasal floor which begins within the nasal
cavity and terminates on the vertical surface of the maxilla, producing
a smooth transition. The morphology is distinct from INA 2 regarding
the more posterior origin and the greater slope of INA 1; (ii) sloping
of the nasal aperture beginning more anteriorly than in INA 1, and
with more angulation at the exit of the nasal opening; (iii) the transi-
tion from nasal floor to the vertical maxilla is not sloping, nor is there
an intervening projection, or sill. Generally, this morphology is a
right angle, although a more blunted form may be observed; (iv) any

1 2 3

FIG. 3—Character states for the anterior nasal spine morphology.
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Obligue view

FIG. 4—Character states for the inferior nasal aperture morphology.

P

FIG. 5—Character states for the interorbital breadth.

superior incline of the anterior nasal floor, creating a weak (but pres-
ent) vertical ridge of bone that traverses the inferior nasal border (par-
tial nasal sill); and (v) a pronounced ridge (nasal sill) obstructing the
nasal floor-to-maxilla transition.

1OB—Interorbital breadth (IOB) is a morphoscopic trait that
could be measured with calipers using the defined measurement
dacryon to dacryon (22,23), rather than scored nonmetrically. For
this study, IOB (Fig. 5) is assessed as: (i) narrow, (ii) intermediate,
and (iii) broad. This assessment is made relative to the facial
skeleton.

MT—The malar tubercle (MT) (Fig. 6) is a caudally protruding
tubercle located on the inferior margin of the maxilla and zygo-
matic bone in the region of the ZS. MT is scored following Hauser
and De Stefano (21), who recommend placing a transparent ruler at
the intersection of the ZS and the inferior margin of the malar to
the deepest point on the curvature of the maxilla. An assessment is
then made on the extent of protrusion beyond the ruler’s edge. In
instances where the suture is directly on the tubercle, the ruler is
placed from the deepest curvature of the maxilla to the deepest
anterior curvature on the zygomatic. It should be noted that a MT
may be present on the maxilla, the zygomatic, or along the ZS.
Observers should not consider the tubercles on the lateral zygo-
matic arch. A completely absent MT is rare. MT is scored as fol-
lows: 0—no projection of bone; 1—a trace tubercle below the
ruler’s edge (roughly 2 mm or less); 2—a medium protrusion
below the ruler’s edge (roughly 2—4 mm); 3—a pronounced tuber-
cle below the ruler’s edge (roughly 4 mm or more).

Obligue view

Oblique view

Cross-section

Cross-section

FIG. 6—Character states for the malar tubercle.

NAW—The width of the nasal aperture width (NAW) (Fig. 7) is
assessed relative to the facial skeleton. It is scored as 1—narrow;
2—medium; or 3—broad.

NBC—Nasal bone contour (NBC) (Fig. 8) is defined as the con-
tour of the midfacial region (particularly the contour of the nasal
bones and the frontal process of the maxilla) ¢. 1 cm below nasion.
Visual interpretation of nasal contour is not the most effective man-
ner of analysis due to high inter- and intraobserver error. The use
of a contour gage permits a more reliable and consistent assessment



HEFNER « NONMETRIC TRAITS AND ANCESTRY 989

FIG. 7—Character states for the nasal aperture width.

FIG. 8—Character states for the nasal bone contour.

of nasal contour (Fig. 9). To assess NBC, the cranium is placed in
a position that allows the observer to gently, but with consistent
and balanced pressure, place the contour gage directly on the nasal
bones c¢. 1 cm inferior to nasion, while maintaining the gage
roughly perpendicular to the palate and parallel to the orbits. NBC
is scored as follows: O—low and rounded NBC; l—an oval
contour, with elongated, high, and rounded lateral walls; NBC 1
presents a circular shape and lacks steep walls. Brues (2) suggests
the term Quonset-hut to describe this shape, although the term is
somewhat dated; 2—steep lateral walls and a broad (roughly 7 mm
or more), flat superior surface “plateau,” noted on the contour gage
as a flat cluster of needles in the midline; 3—steep-sided lateral
walls and a narrow superior surface “plateau’; 4—triangular cross-
section, lacking a superior surface “‘plateau.”

NO—Nasal overgrowth (NO) (Fig. 10) is defined as an inferior
projection of the lateral border of the nasal bones beyond the
maxillae at nasale inferious. Assessment of NO does not include
anterior bulging of the nasal bones. Observations should be made
on the left side. If the left side is damaged, the right side may be
substituted. If both nasal bones are missing or fractured (anti-, peri-,
or postmortem), the trait is not scored. It is often useful to run a
finger along the borders of the maxilla and nasal bones near nasale
inferious to determine whether a projection is present. NO is scored
dichotomously as O—absent or 1—present.

PBD—Postbregmatic depression (Fig. 11) is a slight to broad
depression along the sagittal suture, posterior to bregma that is not
the result of pathology (e.g., premature synostosis). Observed in lat-
eral profile, the trait is scored as either O—absent (no depression)
or 1—present.

SPS—In adult crania, a secondary complex suture may persist,
which is generally referred to as the supranasal suture (SPS), or su-
tura supranasalis (Fig. 12). This suture does not represent the nasal

FIG. 9—A typical contour gage.

¥ 38

0 1

FIG. 10—Character states for the nasal overgrowth.



990 JOURNAL OF FORENSIC SCIENCES

portion of a persistent metopic suture, which is usually a single,
non-oscillating line. The SPS is the fusion of the nasal portion of a
frontal suture that appears as a complex of interlocking bony spic-
ules at glabella. SPS is scored as follows: O—completely obliter-
ated; 1—open (unfused); 2—closed, but visible.

TPS Shape—The course of the TPS (Fig. 13) is highly variable,
although certain themes persist. TPS is not scored unilaterally,
although asymmetrical sutures are not uncommon. The entire suture

i

FIG. 11—Character states for the postbregmatic depression.

2

FIG. 12—Character states for the supranasal suture.

is observed, but the medial one-half in the region of the palatine
suture is most closely scrutinized. When an asymmetrical suture is
present (the two branches of the suture do not come into contact at
midline) the general theme is recorded (e.g., straight or jagged).
Slight undulations of the suture should not be considered when
making a determination. If the suture is obliterated, it is not scored.
TPS is scored as follows: (i) the suture crosses the palate perpen-
dicular to the median palatine suture, with no significant anterior or
posterior deviations. If the right and left halves of the suture do not
contact each other at midline, but the suture is otherwise straight,
score the suture as a 1; (ii) the suture crosses the palate perpendicu-
lar to the median palatine suture, but near this juncture a significant
anterior deviation, or bulging, is present. If the right and left halves
of the suture do not contact each other, but the suture is otherwise
bulging anteriorly, a score of 2 is used; (iii) the suture crosses the
palate, but deviates anteriorly and posteriorly (e.g., M-shaped) in
the region of the median palatine suture. If the right and left halves
of the suture do not contact each other, but the suture is otherwise
jagged, a score of 3 is used; and (iv) the suture crosses the palate
perpendicular to the median palatine suture, but near this juncture a
posterior deviation, or bulging, is present.

ZS Shape—The ZS (Fig. 14) is the suture between the maxilla
and the zygomatic. The course of the suture is best observed in the
anterior view. In instances of asymmetrical manifestations, the left
side is preferred. The infraorbital suture should be ignored when
making a determination. Assessment of ZS is based primarily on
the approximate location of greatest lateral projection of the suture,
and also on the number of major angles present. ZS is scored as
follows: 0—A suture with no angles and greatest lateral projection
at the inferior margin of the malar. Sutures having greatest lateral
projection at the inferior margin, but a slight angle near the mid-
point of the suture should be scored as 0; 1—a suture with one
angle and greatest lateral projection near the midline; 2—a suture
with two or more angles (presenting a jagged and/or S-shaped
appearance) and a variable position for greatest lateral projection.
The figure shows both S-shaped and jagged courses of the suture.

FIG. 13—Character states for the transverse palatine suture.
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FIG. 14—Character states for the shape of the zygomaticomaxillary suture.

Statistical Methods

Frequency Distributions—Frequency distributions were calcu-
lated using systar 9.0 (24). Two-way cross-tabulation tables were
created and Fisher’s exact test based on the chi-squared statistic
was used to determine whether significant differences were
observed between groups.

Correlations—The polychoric correlation coefficient was used
to measure the association of ordinal variables (e.g., 0, 1, 2, 3) and
is appropriate because variable correlations are not affected when
the latent continuous variable underlying the trait is compressed
into a categorical response (25). Tetrachoric correlation coefficients
are the recommended measures of association for binary (0, 1) vari-
ables. LISREL 7 (26) was used to estimate both the polychoric and
the tetrachoric correlation coefficients.

Inter- and Intraobserver Error—The rate of interobserver error
is particularly high when scoring morphoscopic traits without stan-
dard scales (27). To assess inter- and intraobserver variation, five
individuals scored seven crania using the trait definitions outlined
above. The author scored the same crania on two occasions sepa-
rated by a 2-week period to assess intraobserver error. Two separate
but related statistics were used to measure observer agreement. The
statistical tests used for continuous, quantitative data usually com-
prise a standard ANOVA mixed model to measure differences in
the mean response among observers. However, these methods are
not appropriate when the dataset is composed of categorical, qualita-
tive traits. Intraobserver variability was assessed using Cohen’s
kappa statistic (28). Cohen’s kappa measures the agreement between
two observations, while taking into account any agreement that
would occur by chance. Cohen’s kappa is calculated as:

k = Pr(a) — Pr(e)/1 — Pr(e)

where Pr(a) is the relative observed agreement among raters
and Pr(e) is the probability that the agreement was due to
chance. If the observations are in perfect agreement, a kappa
value of 1 is expected.

Interobserver variability cannot be measured using Cohen’s
kappa, because it is only appropriate for two observers. Fortunately,
a similar (and related) measure exists for multiple observers. Fleiss’
kappa (29) works for any number of observers and is appropriate
for categorical, qualitative traits. Like Cohen’s kappa, Fleiss’ kappa

is a measure of observer agreement expressed as a value between 0
and 1. Fleiss’ kappa can be expressed as:

k=P —P.(1-P.)

where 1 — P, is the agreement that can be attained above
chance and P — P, is the observed agreement. Thus, Fleiss’
kappa is roughly equivalent to the ratio of observed versus
expected values. The interpretation of both Cohen’s and Fleiss’
kappa has been debated (30,31). For the current study, the table
of Landis and Koch’s (32) significance values for the individual

kappa score was used.

Results
Frequency Distributions

Frequency distributions are presented in Tables 3—13. Significant
differences between groups were noted at the p < 0.001 level with
the exception of the MT, which did not demonstrate significant dif-
ferences (}52 = 13.158; d.f. = 12; p = 0.358). The range in variation
of the remaining traits among and between groups far exceeds pre-
vious assumptions (2,3,13,14). Again, Hefner (15,16) and Hefner
and Ousley (17) found that the percentage of each group presenting
all of the expected trait values ranged from only 17% to 51%, per-
centages that drop even lower as more traits are added to the analy-
sis. In the current analysis, no single individual had all 11 expected
trait values. These frequency distributions suggest that the compiled
trait lists for ancestry ignore a substantial amount of variation
within groups. Additionally, concluding that an individual is of
“mixed” ancestry due to discordant traits would only be tenable if
all of these groups have been “mixed” for some time—groups
which include native Africans, precontact native Americans, and
Europeans—because these groups include many individuals with
traits from different ancestral groups. If the published trait lists are
indeed indicative of ancestry, then we can correctly conclude that
most every decedent can be interpreted as having “‘mixed”
ancestry.

Correlations

The correlation analysis examined the relationship among all 11
morphoscopic traits. The results are presented in Table 14 along
with significance values. The results of the correlation analysis



992 JOURNAL OF FORENSIC SCIENCES

TABLE 3—Anterior nasal spine (ANS) frequencies in four ancestral groups.

American-
African Indian Asian European
(N = 218) (N =262) (N =175) (N = 146)
ANS n % n % n % n %
1 152 69.7 178 67.9 60 80 53 36.3
2 44 20.2 56 21.4 10 13.3 38 26
3 22 10.1 28 10.7 5 6.7 55 37.7

TABLE 4—Inferior nasal aperture (INA) frequencies in four ancestral

groups.
American-

African Indian Asian European

(N =218) (N =283) (N=175) (N = 1406)

INA n % n % n % n %
1 64 29.4 10 3.8 9 12 1 0.7
2 63 28.9 63 24 13 17.3 5 34

3 47 21.6 149 56.9 48 64 35 24
4 29 133 39 14.9 3 4 60 41.1
5 15 6.9 1 0.4 2 2.7 45 30.8

TABLE 5—Interorbital breadth (IOB) frequencies in four ancestral groups.

American-
African Indian Asian European
(N =218) (N =262) (N=175) (N = 146)
10B n % n % n % n %
1 21 9.6 155 59.2 31 413 45 30.8
2 75 34.4 96 36.6 39 62 92 63
3 122 56 11 42 5 6.7 9 6.2

TABLE 6—Malar tubercle (MT) frequencies in four ancestral groups.

American-

African Indian Asian European

(N =218) (N =262) (N=175) (N = 146)

MT n % n % n % n %
0 110 50.5 107 40.8 32 42.7 75 S51.4
1 60 27.5 98 37.4 25 333 47 322
2 32 14.7 40 15.3 10 13.3 18 12.3
3 16 7.3 17 6.5 8 10.7 6 4.1

TABLE 7—Nasal aperture width (NAW) frequencies in four ancestral

groups.
American-

African Indian Asian European

(N =218) (N =262) (N=175) (N = 146)

NAW n % n % n % n %
1 8 3.7 22 8.4 2 2.7 79 54.1
2 89 40.8 204 719 65 86.7 48 329
3 121 55.5 36 13.7 8 10.7 19 13.1

indicate a moderate and significant correlation among the morpho-
scopic traits, with the exception of the MT, NO, and the ZS, which
are not significantly correlated with any other traits. Most of the
midfacial structures were moderately-to-strongly correlated. This

TABLE 8—Nasal bone structure (NBS) frequencies in four ancestral

groups.
American-

African Indian Asian European

(N =218) (N =262) (N=175) (N = 146)

NBS n % n % n % n %
0 114 523 30 11.5 19 253 11 7.5
1 50 229 67 25.6 17 22.7 23 15.8
2 22 10.1 65 24.8 29 38.7 27 18.5
3 23 10.6 90 344 9 12 37 253
4 9 4.1 10 3.8 1 1.3 48 329

TABLE 9—Nasal overgrowth (NO) frequencies in four ancestral groups.

American-
African Indian Asian European
(N =207) (N =220) (N=175) (N = 146)
NO n % n % n % n %
0 141 68.1 97 44.1 51 68 71 52.7
1 66 319 123 55.9 24 32 69 49.2

TABLE 10—Postbregmatic depression (PBD) frequencies in four ancestral

groups.
American-
African Indian Asian European
(N =218) (N =253) (N=172) (N =184)
PBD n % n % n % n %
0 115 52.8 235 929 65 90.3 121 82.9
1 103 47.2 18 7.1 7 9.7 25 17.1

TABLE 11—Supranasal suture (SPS) frequencies in four ancestral groups.

American-
African Indian Asian European
(N =215) (N =262) (N =175) (N = 146)
SPS n % n % n % n %
0 92 42.8 90 343 9 12 57 39
1 67 31.2 82 313 23 30.7 57 39
2 56 26 90 34.4 43 573 32 22

TABLE 12—Transverse palatine suture (TP) frequencies in four ancestral

groups.
American-

African Indian Asian European

(N = 180) (N = 260) (N=175) (N = 145)

TP n % n % n % n %

0 33 18.3 165 63.5 34 453 42 29
1 85 472 72 27.7 25 333 40 27.6
2 45 25 14 5.4 11 14.7 49 33.8
3 17 9.4 9 35 5 6.7 14 9.7

analysis indicates that the implicit assumption of independence
among morphoscopic traits is incorrect. In metric analyses, correla-
tions among variables generally improve classification rates (33).
Statistical models assuming independence among the variables



TABLE 13—Zygomaticomaxillary suture (ZS) frequencies in four ancestral

groups.
American-

African Indian Asian European

(N =177) (N =242) (N=175) (N =135)

ZS n % n % n % n %
0 9 5.1 7 29 4 53 2 1.5

1 56 31.6 92 38 21 28 50 37
2 88 49.7 127 52.5 38 50.7 57 42.2
3 24 13.6 16 6.6 12 16 26 19.3

should be carefully considered. These results also indicate that mul-
tivariate models would provide better classification rates.

Inter- and Intraobserver Error

Table 15 presents the results of the inter- and intraobserver error
analysis. Each of the Cohen’s kappa values were moderately signi-
ficant for the intraobserver test, suggesting very small levels of
intraobserver variation. Only two traits (ANS and SPS) were signi-
ficantly lower than the others (ANS k = 0.422; SPNS k = 0.468).
Assessing ANS morphology relies on a measure of the length of
the ANS relative to the facial skeleton. Several explanations are
possible for the low level of agreement for this trait, including error
introduced when recording the score, difficulty assessing the length
of a small structure relative to the face, or inadequacies in the mor-
phological variants included in the Morphoscopic program. The
SPS may be difficult to assess reliably, in part because the observer
has to determine whether the suture is obliterated, closed, but visi-
ble, etc. The difficulty inherent in this trait may suggest removing
it from further analyses, at least until it has been more systemati-
cally defined and illustrated.

The interobserver analysis indicates some variance among
observers. One observer (JTH) had previously used the Morpho-
scopic program, so unfamiliarity with the application may have
introduced some of the error. However, with the standard defini-
tions and illustrations provided in the Morphoscopic program, this
may not have been the issue.

Four traits were only moderately agreed on among observers,
including PBD (k = 0.232), NBC (k = 0.231), INA (k = 0.376),
and IOB (k = 0.325), indicating some difficulty in trait assessment.
The discordance among observers for two of these traits is unex-
pected. PBD is scored on a binary scale (presence/absence), which
is normally thought to reduce observer error. However, PBD has a
continuous underlying threshold, so slight expressions may be
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TABLE 15—Inter- and intraobserver error analysis.

Interobserver Intraobserver
Trait Error Fleiss’ k Error Cohen’s k
Anterior nasal spine 0.506% 0.422%
Transverse palatine suture 0.700% 1.000*
Supranasal suture 0.650% 0.468*
Postbregmatic depression 0.232 0.820*
Nasal overgrowth 1.000* 1.000*
Nasal bone contour 0.231 0.810%
Nasal aperture width 0.732% 0.929*
Malar tubercle 0.470* 0.929*
Interorbital breadth 0.325 0.857*
Zygomaticomaxillary suture 0.541% 0.857*
Inferior nasal aperture 0.376 0.964*
Mean 0.524%* 0.837*

*Moderately significant or higher following Landis and Koch (28).

misinterpreted by the novice and the expert alike. The low level of
agreement among observers for NBC is also surprising. The Mor-
phoscopic program guides the observer on the use of a contour
gage to assess NBC, unlike the traditional approach, which is not
clearly defined and has no method for standard assessment. The
use of a contour gage to assess NBC is a relatively recent phenom-
enon (15), so there may be a learning curve associated with the use
of this tool. Intraobserver variation for NBC was low (k = 0.810).
Conceivably, as the use of a contour gage becomes more widely
accepted, observer error will decrease for the NBC. The interob-
server error analysis indicates that the morphoscopic traits can be
scored with high reliability and replicability.

Classification

Based on these and other results, the classification of an individ-
ual to an ancestry group using morphoscopic traits in a statistical
framework shows great promise (1,17). Several statistical methods
that work well for morphoscopic traits, including logistic regres-
sion, naive Bayesian, and k-Nearest Neighbor, produce classifica-
tion rates ranging between 84% and 93%, depending on the
combination of traits used and the statistical method applied to the
classification. While an in-depth discussion of these classification
methods is beyond the scope of the current research, several points
are worthy of mention. First, these methods produce high classifica-
tion accuracies and low error rates, similar to those obtained using
metric data (33). Second, these statistical methods indicate that
combinations of traits work better than individual ones. Until
recently, however, proper methods of variable selection did not

TABLE 14—Correlation coefficient of 11 morphoscopic traits.

ANS INA 10B MT NAW NBC NO PBD SPS TPS A
ANS -
INA 0.423* -
10B -0.092 —0.237* -
MT 0.035 —-0.041 0.012 -
NAW —-0.360%* —0.521* 0.448% -0.036 -
NBC 0.359%* 0.467* —-0.399%* 0.010 —-0.589%* -
NO -0.007 0.061 —-0.182 0.019 -0.103 0.183 -
PBD 0.052 -0.093 0.263* -0.030 0.170 -0.149 —-0.164 -
SPS -0.210% -0.063 0.023 -0.039 0.073 —-0.144 0.046 0.006 -
TPS 0.081 -0.033 0.283%* -0.028 0.016 -0.025 —-0.101 0.084 —-0.021 -
A -0.016 0.014 0.021 -0.034 —-0.094 0.050 0.021 0.055 0.081 0.020 -

ANS, anterior nasal spine; INA, inferior nasal aperture; IOB, interorbital breadth; MT, malar tubercle; NAW, nasal aperture width; NBC, nasal bone con-
tour; NO, nasal overgrowth; PBD, postbregmatic depression; SPS, supranasal suture; TPS, transverse palatine suture; ZS, zygomaticomaxillary suture.

*Significant at the p < 0.05 level or below.
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exist for this type of data, so refinement and trait selection was not
feasible. As a final point, these statistical methods confirm the
importance of trait inter-correlations, because some combinations of
traits work better than others. Future research will draw on several
statistical approaches for classification using morphoscopic traits.

Conclusions

This research has empirically investigated the “typical” morpho-
scopic traits thought to be indicative of African-, Amerindian-,
Asian-, and European-derived groups and has shown that they are
not found at the frequencies suggested by earlier studies
(2,3,13,14). Extreme trait expressions are not reliable for estimating
ancestry in a valid manner. Because the distribution of these traits
does not conform to traditional assumptions (i.e., extreme trait val-
ues linked to specific races), it seems likely that if forensic anthro-
pologists can accurately assess ancestry using visual methods, they
do so based on the cranial gestalt or by employing post hoc trait
selection after positive identification.

The frequently cited apparent evidence of admixture can be
explained by a lack of knowledge of the variation within groups.
Every individual in the total sample size of 747 showed at least one
trait thought to be typical of a different continental group. When the
actual distribution of these traits are taken as a whole, however, the
discordance of multiple traits should come as no surprise and should
not be treated as evidence of admixture or hybridity. On the contrary,
a combination of supposedly ancestrally diagnostic traits in many
individuals shows the fallacy of the typological approach to ancestry
prediction and reveals variation in morphoscopic traits within ances-
tral groups. The variation observed within groups does not mean that
these traits are not useful; morphoscopic traits show great promise in
a statistical framework, particularly for discriminating between
American Blacks and Whites (1,17,18).

The correlation analysis in this study demonstrated a much
higher degree of trait association than previously assumed, particu-
larly for traits relatively close to one another on the cranium. Until
further research has been carried out on the correlations among
morphoscopic traits, any assumptions of trait independence should
be carefully considered.

Finally, the inter- and intraobserver analysis in this study suggest
that the level of reliability for trait scores is moderate-to-high with
only a few, somewhat surprising, exceptions, when using standard
definitions, and drawings of individual character states. Even the
exceptions, however, had significantly lower interobserver error
rates than those observed by Hefner et al. (12). Standardization of
trait definitions and further refinement of the morphoscopic method
will undoubtedly help to reduce interobserver error in the future.

The morphoscopic approach to ancestry determination using traits
pioneered by Hooton has been tested within a statistical framework
to assess the validity and reliability needed to address the Daubert
challenge. The problem of subjectivity in scoring traits (reliability)
can be largely solved by using standard drawings, following Hooton
(5) and Walker (9). The optimal weighing of the traits seen in an indi-
vidual to produce the best prediction of ancestry (validity) can be
accomplished through statistical methods and reference group trait
distributions. Only when these are used together can nonmetric traits
can be reliable, replicable, and valid indicators of ancestry.
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