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ABSTRACT: Methods of facial approximation have successfully
aided the identification of deceased individuals. Successes may be
due to either accurate facial approximation techniques or chance.
This study aims to determine if any of 16 facial approximations,
built using standard techniques, are sufficiently accurate to produce
correct identifications of target individuals above chance. Four
skulls were approximated using four commonly used methods of fa-
cial approximation. The resulting 16 facial approximations were
judged by 37 assessors of varying ages. Assessors attempted to
identify the target individual of each facial approximation from a
face pool of ten photographed faces. Only one facial approximation
resulted in true positive identification rates above chance at statisti-
cally significant levels. It is concluded that it is rare for facial ap-
proximations to be sufficiently accurate to allow identification of a
target individual above chance. Since 403 incorrect identifications
were made out of 592 identification scenarios, facial approximation
should be considered to be a highly inaccurate and unreliable foren-
sic technique. These results suggest that facial approximations are
not very useful in excluding individuals to whom skeletal remains
may not belong. Evidence from this experiment supports sugges-
tions by others that facial approximation should be used in forensic
science when all other methods of identification have failed and
only to provide tentative identification.

KEYWORDS: forensic science, facial reconstruction, facial re-
production, facial approximation, human identification, skeletal re-
mains, recognition, accuracy, face pools

The term “facial approximation” refers to the process of build-
ing a face over a skull to create an image of what a person looked
like during life. This technique has often been used in forensic sci-
ence when attempting to identify human remains (1,2) and has also
been used to recreate the facial appearance of hominids (3) and
modern humans (4). Facial approximation has been referred to as
facial reconstitution (1), facial restoration (5), facial reproduction
(6), facial reconstruction (7), and forensic sculpture (8). Facial ap-
proximation techniques are varied, encompassing drawing (9,10),
sculpting (4,8,11), and computer generated methods (12,13). Facial
approximation techniques also differ in their approach. Some tech-
niques require building of the facial muscles, e.g., Gerasimov’s
technique (3), and are often referred to as Russian methods (4).
Others techniques, e.g., Gatliff’s technique (8), use average mea-

surements to determine facial soft tissue depths, and are often re-
ferred to as American techniques (4). Others use a combination of
the Russian and American techniques, e.g., Neave’s technique (4).
The purpose of forensic facial approximation is to promote recog-
nition of the person to whom the skull belonged (the target indi-
vidual). An accurate forensic facial approximation should, there-
fore, be easily recognized as the person to whom the skull
belonged.

Published rates of successful identifications from facial approx-
imations are generally high, suggesting that methods of facial ap-
proximation are accurate. Gerasimov (3) claims 100% success,
Bender (14) 85%, and Gatliff (15) 70%. Facial approximation has
also been reported to be a useful forensic tool because it can be
used to exclude suspected individuals (16,17).

The accuracy of facial approximation techniques has been pre-
viously tested by either comparing a facial approximation to the
target individual to determine the facial approximation’s similarity
(1,4,18,19), or by comparing a facial approximation to a face pool
to determine the ability for a target individual to be recognized
from a facial approximation (16,17).

From the direct comparison (i.e., resemblance ratings) of a facial
approximation to a target individual, it appears that facial approxi-
mations are accurate. Krogman (19) reports a facial approximation
that was “recognizable as that of the subject chosen.” Suzuki (1) re-
ports that “the resemblance between the two [a target individual
and a facial approximation] was quite striking.” Helmer et al. (18)
conclude that “in general it can be said that at least a slight and of-
ten even a close resemblance was achieved” from the facial ap-
proximations to target individuals. Prag and Neave (4) also report
a “reconstructed face [that] bore an uncanny resemblance to the
photograph [of the target individual].”

By asking assessors to identify a target individual from a range
of faces (i.e., a face pool) after examining a facial approximation,
identification rates for each face can be calculated. Snow et al. (17)
found identification rates to be significantly above chance for a
male and a female facial approximation made using a sculpting,
American technique. Assessors attempted to identify the ante-
mortem photograph of the target individual from a face pool of
seven photographed faces by forced choice method, i.e., assessors
were forced to identify a face even if they thought the facial ap-
proximation did not correspond to any face. The male facial ap-
proximation was examined by 200 assessors with a true positive
identification rate of 68% (17). The female facial approximation
was examined by 102 assessors with a true positive identification
rate of 26% (as reported in Table 2 of the Snow et al.’s (17) results,
text and Table 1 state 104 assessors). Although incorrect identifi-
cations were also made they were not abundant. Two nontarget
faces were often identified from the female approximation (17) and
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appear to be above chance at statistically significant rates (p �
0.07). The results of this experiment indicate that the 3D sculpting
American technique of facial approximation is fairly accurate.

An average identification rate of 26% has been recorded by van
Rensburg (16) who tested fifteen facial approximations. Individual
identification rates for each facial approximation were not re-
ported, however, the average rate was 19% above chance rates
(16). The facial approximations were made using a three dimen-
sional (3D) sculpting combination method that requires building
the facial muscles and soft tissues whilst taking into account aver-
age soft tissue depths. The facial approximations were compared to
death masks. Comparison of facial approximations to death masks
in this study may not be close to reality since forensic facial ap-
proximation is aimed at building faces that are representative of
living individuals whose facial appearance and soft tissue structure
differs from that of a deceased person’s face.

Suk (20), Montagu (21), and Brues (22) have expressed doubt
that accurate facial approximations can be easily produced because
many facial soft tissues leave little clue to their physical structure
on the skull. Consequently, facial approximation is expected to in-
volve subjective interpretation of skull/face relationships and is ex-
pected to be inaccurate and unreliable.

Since a successful forensic facial approximation depends on the
facial approximation being recognizable as the target individual,
face pool comparison appears to be a more reliable method of as-
sessing a facial approximation’s accuracy than resemblance rat-
ings. Resemblance ratings appear not to be optimal since they mea-
sure the similarity between the facial approximation and the target
individual and not the ability for the target individual to be recog-
nized from a group of faces. Resemblance ratings also ignore the
facial approximation’s resemblance to nontarget individuals,
which may be greater than the target individual’s. The identifica-
tion rates of target individuals, from the few face pool comparison
studies conducted, despite being rather low, have tended to be
above chance. This appears to indicate that facial approximation
techniques, despite being inaccurate, may actually work.

The present study aims to objectively determine the accuracy of
four commonly used methods of forensic facial approximation: a
3D sculpting American method; a two dimensional (2D) drawing
American method; a 2D computer “FACE” assisted American
method; and a 3D sculpting combination method. In the case of 3D
approximations being identified above chance levels, an additional
investigation was made to determine the effect of facial pose on the
identification rate.

Materials and Methods

Skulls

Four dry skulls were used for facial approximation. Each had a
corresponding recent antemortem photograph that was concealed

from the investigator (CNS) involved in the anthropological iden-
tification and facial approximation process. Only information in-
terpreted from the dry skulls was used in the facial approximation
process. For this reason, facial approximations were not comple-
mented with make up, or with head or facial hair, as this could in
no way be determined from the skull. This method ensured that fa-
cial approximation methods alone were tested for their accuracy.
Sex, age, and population of origin were estimated by visual exam-
ination of the skull, following standard anthropological methods
(Table 1). Each skull was given a fictitious name for ease of refer-
ence (Table 1).

Skull Casting and Preparation

Each cranium and mandible was cast separately using a split
mould technique. The cranium was cast in plaster of Paris and the
mandible was cast in cold cure resin. The process was repeated,
producing two casts of each skull. All casts were cross-checked
against the original skulls using GPM® sliding and spreading
calipers to ensure accurate dimensions. The mandible was reartic-
ulated with the cranium in its appropriate position using dental
wax, which also simulated the interarticular disc of the tempero-
mandibular joint. Teeth which had been lost postmortem were re-
placed by casting the opposite side tooth and gluing it in place.
This method was used, despite its crudeness, because it was quick
and facial approximations with visible front teeth (e.g., produced
by a class II malocclusion) would appear more realistic if teeth
were “replaced” in contrast to filling the gap with a wax arch.
Skull casts were mounted in the Frankfurt horizontal plane and
small bore holes were made at 34 reference points (23).
Wooden dowels, 2.5 mm in diameter, were then glued into the
bore holes. Dowels were marked at appropriate average soft
tissue depths according to Helmer (23) using a metal ruler to the
nearest 0.5 mm and trimmed to appropriate depth. Helmer’s
soft tissue depths were used since they are calculated from ultra-
sound measurements on living people and are, therefore, likely
to be a more accurate representation of a living person’s face
in contrast to measurements taken on cadavers. One cast of each
skull (with soft tissue markers in place) was photographed in
the full face position, using a digital camera. These images
were used for facial approximations made by the 2D computer
“FACE” assisted American method and the 2D drawing Ameri-
can method.

Methods of Facial Approximation

Four facial approximations were made of each skull. All skulls
were positioned in the Frankfurt horizontal plane during facial ap-
proximation. As an example, Fig. 1 shows completed approxima-
tions for each method, on one skull.

TABLE 1—Details of skulls used for facial approximation.

Sex Age (years) Ancestry

Skull Name Estimated Actual Estimated Actual Estimated Actual

1 “Sam,” male male 55 � 5 50–60 White White
2 “Fred,” male male 45 � 5 40 White White
3 “Kate,” female female 28 � 5 20–30 White White
4 “Jane” female female 32 � 5 30–40 White White
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3D Sculpting American Method—

Step 1 Eyes—Eyeballs were anatomically shaped balls of plas-
ticine, 26 mm in diameter for males and 25 mm for females (Neave,
1998 Personal Communication). The pupil was represented by de-
pressing the plasticine with the writing end of a pencil. This elimi-
nated the need for choosing a prosthetic eyeball with a colored iris,
the color of which can not be determined from the skull. The eye-
balls were positioned so that the eyeball and pupil were centrally
located within the orbit (8,24). The eyeballs projected from the or-
bits so the apex of the cornea touched a centrally located tangent
from the superior to the inferior orbital margins (8).

Step 2 Soft tissue—The soft tissue of the face was added by join-
ing all the average soft tissue depths with strips of plasticine, ap-
proximately 5 mm in width, at the appropriate depth. This formed
a triangular framework over the skull similar to the method of
Stewart (11). This framework was blocked in with plasticine leav-
ing the area around the nose and mouth.

Step 3 Mouth—The area of the mouth was blocked in to the ap-
propriate soft tissue depth, with lines in the plasticine representing
the mouth slit (8). The junction between the canine and first pre-
molar, on both sides, determined the positions of the corners of the
mouth (4,8). The stomion was located a third of the way up the cen-
tral maxillary incisors for females, and a quarter of the way up for
males (9). Each lip was equal in height to the corresponding enamel
of the upper and lower anterior incisors (8).

Step 4 Nose—The shape of the nasal bridge was determined by
the shape of the nasal bones according to George (9). The base of
the nose was positioned a few millimeters below the anterior nasal
spine (25). The angulation of the nasal septum was determined by
the direction of the nasal spine (4,25). The projection of the nose
from subnasale to pronasale was determined by a distance equal to
3� the length of the nasal spine, as measured from the lower mar-
gin of the nasal aperture to the tip of the spine (8,24). The width of
the nose (measured across the wings) was determined by dividing
the maximum width of the nasal aperture by 0.6 (4,24,25).

Step 6 Eyelids—The endocanthion and ectocanthion were deter-
mined in accordance with the apparent intentions of Krogman (26).
The original citation appears to have confused lateral and medial

and if followed would appear to place the corners of the eye slit
outside the orbits. The endocanthion of each eye was positioned
lateral to the lacrimal duct, 4 mm below the dacryon (27) and was
approximately 3 mm lateral (reported as medial) to the medial bor-
der of the orbit (26). The ectocanthion of each eye was positioned
at the level of Witnall’s tubercle when present (28) and approxi-
mately 5 mm medial (reported as lateral) to the lateral border of the
orbit (26). When Witnall’s tubercle was not present the level of the
ectocanthion was calculated according to Stewart (28). The lower
lid approximated a straight line and was positioned so that its up-
per border was equal to the inferior border of the iris (8). The up-
per lid followed a more exaggerated curve and was positioned so
that the inferior border covered some of the upper portion of the iris
(8).

Step 7 Auricles—The auricles were the last facial feature to be
added to the facial approximation. The general length of the auri-
cles was estimated by the length of the nose (8,24,25). The ear
canal was placed at a level equal to that of the external auditory
meatus (24). The level of the superior border of the external audi-
tory meatus was equal to the superior edge of the tragus (8). The
position of the ear was determined by the artistic canon that it is
equal to the relative position of the nose. The ear anatomy was “av-
erage” since no detailed anatomy of the ears can presently be de-
termined from the skull.

Step 8 Final Harmonization—Once the face was complete, it
was harmonized for a final time checking that all soft tissue depths
were adhered to, and that the proportions and positions of the facial
features worked harmoniously together. The facial approximation
was then photographed in the Frankfurt horizontal plane in three
views: full face, right three quarter (30° rotation from full face) and
right profile.

2D Drawing American Method

The digitized pictures of the skull casts (with soft tissue depth
measures in place) in full face view were printed onto 210 � 297
mm glossy paper using an Epson® 740 Stylus printer. Plain, 210 �
297 mm paper was superimposed over the printed picture and
viewed on a light box. This enabled the skull to be viewed while the
facial approximation was drawn onto the top piece of paper with B
pencils. The outline of the face was drawn by joining the soft tissue

NOTE: the actual target individual is not shown to protect confidentiality.

FIG. 1—An example of a skull approximated with four methods of facial approximation. (a) “Sam’s” skull; (b) 2D drawing American facial approxi-
mation of “Sam’s” skull; (c) 2D computer “FACE” assisted American facial approximation of “Sam’s” skull; (d) 3D sculpting American facial approxi-
mation of “Sam’s” skull; (e) 3D sculpting combination facial approximation of “Sam’s” skull.



depths. The eyes, nose, mouth, and ears were then approximated as
in the 3D American technique, but by drawing in two dimensions.
The projection of the face, particularly the nose, had to be repre-
sented two dimensionally and therefore required artistic interpreta-
tion when appropriately toning the face.

2D Computer “FACE” Assisted American Method

This method is similar to Ubelaker and O’Donnell’s computer
assisted technique (29) and the Face Imaging Reconstructive Mor-
phography method (30), but differs because the “FACE” assisted
method uses a photofit (facial feature photograph) identification
system called FACE®, rather than an identikit system of artistic
drawings. The digitized full face pictures of each of the skull casts
(with soft tissue depths in place) were opened in Adobe® photo-
shop 4.0. A 1994 demonstration model of the FACE® system, at
the University of Melbourne, was then used to select photographs
of facial features for each skull. The face was divided into five ba-
sic features: eyes, nose, mouth, jaw, and hair. The FACE® system
used had a limited selection of facial feature images available (ap-
proximately 20 or more for each facial feature for both sexes). Fa-
cial features were selected based on their appearance and shape
which was in accordance with skull morphology. The face was ap-
proximated by morphing the features to the appropriate soft tissue
depths in FACE®. By superimposing the facial features over the
skulls in Adobe® Photoshop 4.0 and varying the opacity of picture
layers, the facial features could be regularly checked for correct
proportions against the skull and soft tissue depths. The most re-
ceding hair feature was selected so that minimal alterations in Pho-
toShop were needed to remove the hair completely. Once the
matching and morphing of facial features was complete the edges
of each facial feature image were blended with the next and the
tone of each facial feature equalized by adjusting the brightness
and contrast in the FACE® program. Completed facial approxima-
tions were printed on 210 � 297 mm photo quality glossy paper us-
ing an Epson® 740 Stylus printer.

3D Sculpting Combination Method

This method was the same as the 3D sculpting American method
except for aspects outlined below.

Soft Tissue (Replaces Step 2 of the 3D Sculpting American
Method)—The muscles of the face were built on the skull, in
plasticine, according to the method of Prag and Neave (4). The
position, size, and shape of the temporalis and masseter muscles
was determined by the ruggedness, size, and shape of the origins
and insertions of these muscles on the skull. The general size and
robustness of the skull was also taken into account. The remain-
ing facial muscles (buccinator, orbicularis oris, levator anguli
oris, levator labii superioris, zygomaticus major and minor, de-
pressor labii inferioris and depressor anguli oris and risorius)
were built as an idealized model since their origins and insertions
can not be precisely located. Support was given to the muscles by
blocking under them with plasticine. This prevented the muscles
from collapsing when covered with sheets of plasticine. An ideal-
ized model of the parotid gland was also added to the reconstruc-
tion. Sheets of plasticine, approximately 5 mm thick, were laid
over the muscles. This layer of plasticine conformed to the con-
tours of the underlying muscles and simulated the cutaneous and
superficial subcutaneous tissue. Soft tissue depths were used as a
guide, but were not strictly adhered to if the morphology of the
skull suggested different depths.

Nose (Replaces Nose Projection Guideline in Step 4 of the 3D
Sculpting American Method)—The nose projection was deter-
mined by projecting a tangent (simulated by wooden dowels), fol-
lowing the direction of the distal third of the nasal bones, down-
wards until it crossed another tangent projected anteriorly
following the direction of the anterior nasal spine (3,4,25).

Identification Process

Photographs of the facial approximations were presented in a
random order to 37 assessors who attempted to identify the target
individual from a face pool. Assessors had a background in the
medical sciences. Faces in the face pools were of similar age and
same sex as the target individual. All facial approximations were
presented in full face view. Three dimensional facial approxima-
tions were also presented to assessors in separate, single views of
right three quarter (30° rotation from full face), right profile, and a
combined view (all three together) in an attempt to determine if fa-
cial pose affected recognition.

Each face pool consisted of ten photographs of human faces,
standardized for size. This resulted in some photographs differing
in resolution. The use of antemortem photographs of target indi-
viduals limited the choice of these photographs. As a result, one
target individual was wearing a hat (“Fred”) and another target in-
dividual was wearing sunglasses (“Sam”). In these instances the
corresponding face pool was photographed with similar attire, e.g.,
all had a hat or sunglasses. Nontarget individuals were randomly
selected volunteers from the public. All photographs were devel-
oped and printed on black and white, standard (Ilford® IS3.1M)
photographic paper (127 � 100 mm). Not all face pools included
the target individual. Face pools that did not include the target in-
dividual had one randomly selected nontarget face, from the face
pool, repeated in a slightly altered position and were developed on
a slightly higher contrasting (Ilford® IS4.1M) photographic paper
(127 � 100 mm). This kept the number of faces in the face pool
consistent without introducing a new nontarget individual’s face.

Three dimensional facial approximations and most nontarget in-
dividuals were photographed (without a flash) in a fluorescent-lit
room. This simulated an average, indoor, amateur “snap shot,”
which the majority of the antemortem target individual pho-
tographs were expected to be. One face pool was used to compare
facial approximations made on the same skull. Since assessors
were unaware of the number of individuals approximated they
were forced to assess each identification scenario as an indepen-
dent case.

The 16 facial approximations with corresponding face pools
were presented to assessors, one at a time, in a random order, in a
single sitting. The assessors were asked to identify a face from the
face pool as being the person who was approximated. Assessors
had the option of not being able to make an identification. Identifi-
cation responses were grouped under three classifications: (1) true
positive identifications (identifications of facial approximations as
their respective target individual); (2) false positive identifications
(identifications of facial approximations as a face other than that of
the target individual); or (3) no identification (the assessor could
not recognize any face from the facial approximation). From this
experimental design, subjects had a 50% chance of deciding if the
target face was actually in the face pool and a 10% chance of cor-
rectly guessing the correct face when the target individual was
present in the face pool. Therefore, in identification scenarios
that included the face pool, the face of the target individual (and ev-
ery other nontarget face in the face pool) was expected to have an
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identification rate of 5% due to chance (50% � 10% � 5%). When
the target individual’s face was missing from the face pool subjects
had a 50% chance of correctly deciding that no identification could
be made or a 5% chance of identifying a nontarget face.

The JMP® (3.0.2) statistical package was used to test all results
for statistical significance using Fisher’s exact test.

Results

Of the 592 identification scenarios conduced, 472 included the
target face in the face pool and 120 did not. Of the 472 identifica-
tion scenarios including the target face, 38 true positive identifica-
tions were made, 316 false positive identifications were made, and
118 instances of no identification were reported. Of the 120 identi-
fication scenarios when the target face was not present in the face
pool, 87 false positive identifications were made and there were 33
instances where no identifications were correctly made. Overall, 38
true positive identifications and 403 false positive identifications
were made with 151 instances of no identification.

Identification responses for each skull, when target faces are pre-
sent in the face pools, are shown in Fig. 2. Actual identification
rates for each face in the face pools were compared to those ex-
pected by chance for statistical significance (p � 0.05). The 3D
American facial approximation of “Kate” was the only facial ap-
proximation to give true positive identification rates above those
expected by chance (Fig. 2).

When the target faces were present in the face pools, an average
of five out of nine nontarget faces were identified for the 2D com-
puter “FACE” assisted method (Table 2). This increased to six out
of nine nontarget faces for both the 2D drawing American method
and the 3D sculpting American method (Table 2). Eight out of nine
nontarget faces were identified for the 3D sculpting combination
technique (Table 2). All target faces were identified by at least one
assessor except in three cases: 2D computer “FACE” assisted
method of “Jane”; 2D drawing American method of “Jane”; and
the 3D sculpturing American method of “Fred” (Table 2). Overall,
ten nontarget faces were identified at statistically significant rates
above chance (Fig. 2). Four of these nontarget faces were identified
at a statistically significant rate (p � 0.05) that was also above that
of their target individual (Fig. 2).

Comparison of the facial views to each other for the 3D Ameri-
can approximation of “Kate” failed to reveal any statistically sig-
nificant differences (Fig. 3). This may be because the facial views
did not differ in their ability to promote recognition, or (more
likely) that the small sample sizes (n � 8 for the 3/4 facial view and
n � 7 for each other facial view) were not adequate to detect sta-
tistical significance. While the power for detecting significance is
low, there may be evidence that the three quarter view is best (Fig.
3). This aspect of the study will not be further discussed.

Discussion

According to the methods of Gail and Gart (31), it can be reli-
ably concluded at a 0.05 confidence level for making a type I error
(rejecting the null hypothesis when it is in fact true) and a prob-
ability of 0.20 (power of 0.80) for making a type II error (accepting
the null hypothesis when it is in fact false), that the techniques of
facial approximation studied do not give true positive identification
rates at or above 35%, for the skulls approximated. We acknowl-
edge that the power of this experiment was not high enough to re-
liably determine if identification rates of target individuals much
lower than 35% were statistically significant in comparison to
chance rates. In order to reach higher power much larger samples
are needed. However an identification rate of 8%, for example, al-
though statistically significant may also cause numerous nontarget

TABLE 2—Summary of the number of faces identified for each facial
approximation when the target face was present in the face pool.

Sam Fred Kate Jane

2D computer FACE 6 (5) 5 (4) 6 (5) 6 (6)
assisted American method

2D drawing American method 7 (6) 7 (6) 6 (5) 6 (6)
3D sculpting American method 8 (7) 5 (5) 7 (6) 6 (5)
3D sculpting combination method 8 (7) 8 (7) 10 (9) 10 (9)

() indicates the number of nontarget faces identified.

FIG. 3—Identification responses for each facial view of facial approximations identified at a statistically significant rate above chance when the target
face is present in the face pool. * indicates significance at 95% confidence level.
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individuals to be identified above chance rates. This may be prob-
lematic as it may not be possible or practical to investigate all of the
leads generated.

Since only 1 out of 16 facial approximations were identified
above chance at statistically significant levels, facial approxima-
tion appears to be an unreliable and inaccurate identification aid.
This appears to contradict the results of published forensic cases
and claimed success rates by people building facial approxima-
tions. Published forensic reports appear to be unrepresentative of
the actual success of facial approximations. There have been 16
published successful cases (1,2,4,5,10,15,30,32–34), only one pub-
lished article of limited to no success (35) and five published cases
where no identification has been made (4,33,35). The situation may
be that the few successful cases are given much attention, while
many failures go unreported.

The many successful forensic reports and the high claimed suc-
cess rates by people creating facial approximations, may be due to
the inclusion of cases where additional information promoted iden-
tification, independent of the facial approximation. Information
such as hair, jewelry, and clothes found at the crime scene may be
responsible for successful identifications (35). If such information
has aided in or been responsible for successful identification then
the success should not be attributed to facial approximation alone.
Realistic success rates of facial approximation techniques may be
suggested by Ubelaker in a comment that he knows of only three
cases, in his experience, where facial approximation alone resulted
in positive identification (36). Successful target identification in
other studies may be explained by chance or presence of additional
information or better subjective interpretation of the skull and/or
artistic modeling.

Although interpretation of the skull and approximation of its fea-
tures may become somewhat standardized with the use of scientific
guidelines, “approximationists” should have good artistic sense.
Anyone can model a face, but to create a face that looks alive re-
quires additional talent and manual dexterity. Although science has
not yet determined if a finely modeled, life-like face is more easily
recognized than a poorly modeled face, the former is preferred since
recognition is expected to be promoted when a facial approximation
appears more like the target individual. Figure 1 was provided in this
study to illustrate the quality of some final approximations based on
the methods used and artistic skills of CNS. It is difficult, however,
from these pictures, to judge true artistic talent since facial approx-
imation methods contribute to overall visage quality.

The usefulness of facial approximation may be questioned since
the method is not highly effective but is time consuming and costly.
However, since it potentially only takes one person to believe they
recognize a facial approximation and report it to law enforcement
agencies, for a tentative identification to be made, facial approxi-
mation may be seen as a useful identification technique. Thirteen
of the sixteen facial approximations (81%) in this experiment could
be expected to be successfully identified in a forensic environment
since they were identified by at least one individual (Fig. 2).

The large number of false positive identifications (403 out of
592 identification scenarios) and the identification of many nontar-
get individuals (almost 70% of all nontarget individuals, Table 2)
confirms the opinions of others (17,33,37), that facial approxima-
tions should not be used to positively identify an individual. Facial
approximation should only be used when more precise methods of
identification have failed and only to make, what Caldwell (26)
calls, a “tentative” identification.

We disagree with Rhine (6) and Ubelaker (36) that the term fa-
cial reproduction is appropriate, since it implies a perfectly accu-

rate replication of the face (9). We consider the most appropriate
name to be “facial approximation” as suggested by George (9)
since it indicates an inexact technique and does not imply that the
method of building a face from a skull is accurate. We also agree
with Rhine (6) that many of the other names used to describe facial
approximation are inappropriate, e.g., facial reconstruction, facial
restoration, and facial reconstitution, since they do not adequately
describe the actual procedure.

Since the same techniques of facial approximation produced dif-
ferent identification results for different skulls (Fig. 2) it is difficult
to determine which method is best. It may be that different meth-
ods are more effective for certain skulls. The present results indi-
cate that only the 3D sculpting American technique produced true
positive identifications at a statistically significant rate above
chance and may, therefore, be more accurate in contrast to other
methods studied. However, the 3D sculpting combination method
was the only method, of those tested, to generate identifications of
all target individuals and may, therefore, be considered superior de-
spite its inaccuracies, e.g., target faces were not recognized above
chance rates and many nontarget individuals (an average of eight
out of nine) were identified (Table 2).

Facial approximations are largely unscientific as much of the
method relies upon subjective interpretation of the skull itself. Also
many guidelines used for determining facial features of facial ap-
proximations are artistic and their accuracy is unknown. Often a
decision between two or more guidelines is needed when approxi-
mating facial features (Table 3) and without knowing the accuracy
of each guideline, they cannot be intelligently selected to maximize
the accuracy of facial approximation techniques. Consequently, the
use of such guidelines introduces unknown quantities of error to fa-

TABLE 3—Various generalizations used for facial feature
determination.

Feature Generalization Used for Facial Approximation

1. Equal to the distance between the junction
of the maxillary canine and the first
premolar on each side (8,24,27).

2. Equal to the distance between two
perpendiculars dropped, one from the
center of the pupil of each eye (24,26).

3. Corresponds to the distance between the
mandibular second molars (25).

1. Anywhere in the region of the upper central
incisors (3,27).

2. Lower third of central maxillary incisors for
females or lower quarter for males (9).

3. Equal to the line formed by the teeth when
the mouth is closed (25).

1. Equals the width of the nasal aperture +10
mm for whites and +16 mm for blacks (8).

2. Equals the width of the nasal aperture +10
mm for whites and +15 mm for blacks (44).

3. In Caucasoids the nasal aperture is
approximately 3/5 of the total nose width
(4,24,25).

4. Is between the mid points of the canines or
their alveoli (25).

1. Is 3� the length of the nasal spine (8,24).
2. Projection of two lines, one at a tangent to

the last third of the nasal bone the other as a
continuation of the main direction of the
nasal spine. The point of intersection gives
the position of the tip of the nose and the
nose projection (3,4,25).

Mouth width

Mouth closure line

Nose width

Nose projection



STEPHAN AND HENNEBERG • BUILDING FACES FROM DRY SKULLS 439

cial approximations. One commonly used guideline that has been
scientifically studied is that the height of the ear equals the height
of the nose (8,24,25). This guideline is unreliable because in a sam-
ple of 103 young adults, it has been found that 95% had an ear big-
ger than their nose (38). Determining the position of the nose tip in
the 3D combination technique also appears to be inaccurate as it
consistently produced unrealistically large noses, even when the
technique is conservatively followed (Fig. 4). While comprehen-
sive knowledge of facial anatomy and extensive experience in fa-
cial approximation may reduce the amount of subjective interpre-
tation possible, facial approximation must become based on
scientific guidelines if subjectivity is to be limited and the amount
of error introduced into a facial approximation is to be determined.
Macho (39,40) has published some scientific guidelines for deter-
mining the nose as has Hoffman and colleagues (41), however, fur-
ther scientific guidelines are needed for all facial features.

Face pool comparison studies are disadvantaged because most
have used assessors who are unfamiliar with target individuals. Un-
familiar scenarios are not representative of a real forensic scenario,
where people who know the victim usually recognize the facial ap-
proximation. Since it appears that familiar faces are easier to iden-
tify than unfamiliar faces (42,43), it may be argued that the unfa-
miliar testing scenario may reduce the true positive identification
rates of facial approximations compared to those in a forensic sce-
nario. While it would be more realistic to study identifications of
facial approximations in a familiar scenario, it is difficult to do.
People highly familiar with the victims are often relatives, who
may become further traumatized if they participated in scientific
study.

We did not approximate the hair of individuals in this study since
it can not be determined from the skull alone. Helmer and col-
leagues (18) also report that the addition of a particular hair type
and style to a facial approximation is subjective and that the addi-
tion of correct hair is due to chance (18). It is, therefore, surprising
that the 24 facial approximations of Helmer et al. (18) have hair
types and styles that are remarkably similar to their respective tar-
get individual. Helmer et al. (18) report that their facial approxi-
mations, without hair, bore limited resemblance to their respective
target individual. Therefore, the result of Helmer et al. (18) exper-
iment that independently made facial approximations are similar to
the target individual, is probably an artifact of the hair they added
to the facial approximations and consequently their conclusion that
facial approximations are reproducible is probably incorrect. Infor-

mation concerning hair type may be available if hair is found at the
crime scene, however, the similarity of hair type and hair styles be-
tween many (but not all) published facial approximations and their
target individuals may suggest that many forensic artists/scientists
retouch their approximations to display the correct hair style after
an identification has been made. This seems to be done to make the
facial approximation appear more accurate.

It may be argued that in this experiment, the use of two target in-
dividuals, one wearing sunglasses and the other a hat, could have
reduced the true positive identification rates. This is probably cor-
rect, however, the use of target individuals wearing such attire may
also be representative of a forensic situation where a person mak-
ing the identification may have seen the target individual in public,
wearing a hat or sunglasses. It appears that hats had a limited effect
on identification responses but sunglasses may increase identifica-
tion of nontarget individuals since, overall, there were more statis-
tically significant identifications of nontarget faces in “Sam’s” face
pool (Fig. 2). The effect of attire on target individual identification
is not clearly apparent. Both “Sam” and “Fred” were identified
more frequently for the 2D computer FACE American method and
the 2D drawing American method in comparison to naked target
faces. However, the 3D sculpting methods resulted in less frequent
identification of “Sam” and “Fred” than the naked target faces.

Despite 3D facial approximation being a lengthy procedure (ap-
proximately 20 h), we agree with Ubelaker (36) that 3D facial ap-
proximations are probably superior to other methods since they can
be made with prosthetic eyes and dressed up in real clothes making
them appear extremely lifelike. So far, computer generated facial
approximation methods have produced facial images that appear to
be unacceptable for identification due to their lifelessness and lim-
ited detail. With further improvements, computer generated facial
approximation may become the method of choice because it has the
potential to limit subjective interpretation of the skull and reduces
the time of the procedure.

Conclusions

The results of this study indicate that standard techniques of fa-
cial approximation rarely produce faces that are correctly identified
at a statistically significant rate when compared to chance. Results
also show that many incorrect responses are made (403 false posi-
tive identifications out of a total of 592 identification scenarios). Of
the four methods studied, only the 3D sculpting American method

FIG. 4—Superimposition of the 3D combination method facial approximations over their respective target individual’s skull showing prediction of the
nose tip. Note the unrealistic size of the nose and conservative use of the method. (a) “Sam”; (b) “Fred”; (c) “Kate”; (d) “Jane”; - - - - Shows projection
of the tangents.
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of facial approximation gave identification rates of a target indi-
vidual above chance at a statistically significant rate. From these
results it is concluded that facial approximation is an inaccurate
and unreliable technique. It is also concluded that facial approxi-
mation generates many tentative identifications, but is not useful to
exclude suspected individuals to whom the skeletal remains may
not belong.
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24. Krogman W, İşcan M. The human skeleton in forensic medicine. 2nd ed.
Springfield, Charles C Thomas, 1986.

25. Fedosyutkin B, Nainys J. The relationship of skull morphology to facial
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