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Measuring the Accuracy of Facial
Approximations: A Comparative Study of
Resemblance Rating and Face Array Methods

ABSTRACT: The success of facial approximation is thought to depend, at least in part, upon the ‘‘accuracy’’ of the constructed face. However,
methods of accuracy assessment are varied and this range in methods may be responsible for the disparate results reported in the literature. The aim
of this study was to determine if the accuracy results of one facial approximation were comparable across two different assessment methods (resem-
blance ratings and simultaneous face array tests using unfamiliar assessors) and if resemblance ratings co-varied with recognition responses. True-
positive recognition performance from the facial approximation was poor (21%) while resemblance scores using the same facial approximation were
moderately high (3 out of 5 on a five-point scale). These results are not, therefore, consistent and indicate that either different variables are being
evaluated by the methods, or the same variable is being examined but with different weight ⁄ calibration. Further resemblance ratings tests of the facial
approximation to three foil faces from the face array revealed that resemblance scores were similar irrespective of which face was compared, and did
not closely correspond with the degree of recognition performance. This was especially the case for isolated comparisons of single faces to the facial
approximation. Collectively, these results indicate that resemblance ratings are: (i) insensitive measures of a facial approximation’s accuracy; and
(ii) inconsistent with results of unfamiliar simultaneous face-array recognition results. These data suggest that familiar and unfamiliar recognition tests
should be given increased weight in contrast to current resemblance rating tests.
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Facial approximation is the method of building from a person’s
skull, an antemortem facial representation which can be purpose-
fully recognized as the person to whom the skull belonged. Since
late 1800’s, the potential of this method for helping to establish the
identity of skeletonized remains has been recognized (e.g., see
1–3); however, their suggested application to forensic investigations
was initially met with some skepticism (4). This skepticism was
partly dissipated when facial approximation methods achieved their
first casework success c. 3 years after concerns had first been
raised (5). Despite their validity and current acceptance as an inves-
tigation tool (6–8), debate continues as to whether facial approxi-
mation casework success is because of the accuracy of the
constructed faces or other factors, such as supporting case descrip-
tions and ⁄ or the effectiveness of media advertising to draw public
attention (9–12).

To determine the role that facial approximation accuracy plays
in casework performance it would be advantageous to have a clear
definition, and reliable and definitive laboratory tests for facial
approximation accuracy. Currently, many different ‘‘accuracy’’
assessment methods are employed in professional circles (Table 1),
but not all may test the same variable with the same calibration.
There are some claims in the literature that resemblance ratings
provide little useful information, as incorrectly and correctly identi-
fied faces receive similar resemblance rating scores (11), but claims
have also been made that disparities exist between the results of
resemblance rating and face array tests (13). This study aims to fur-
ther elucidate the issue by testing: (i) the accuracy of a common
facial approximation using resemblance rating and face array tests
to determine if comparable results are obtained; and (ii) if

resemblance scores of disparately recognized nontarget faces
co-vary with their respective identification rates. Thus, this study is
split into two parts.

Experiment 1: Face Array and Resemblance Rating Tests

Using the Same Facial Approximation

Materials and Methods

A facial approximation was constructed from a cast of a male
skull under blind conditions by a trainee facial approximation prac-
titioner (the second author) who followed published guidelines.
Before facial approximation methods were employed, the edentu-
lous skull (the only skeletal remains of this individual available for
study) was subject to age assessment. The skull was determined to
belong to an individual who was middle aged (i.e., c. 30 to
50 years), but this range could not be narrowed as the sutures were
the only available aging characters (see 14–19).

After the mandible had been positioned using dental wax, the
face was constructed primarily following Neave’s method (20) and
soft tissue depth data reported by Helmer for 40-50-year-old males
(21). Prosthetic eyeballs were positioned centrally within the orbit
(12,22) and protruded anterior to the deepest portion of the lateral
orbital wall by 16 mm (23,24). Following Neave’s (20) directions,
most of the muscles of mastication and facial expression were rep-
resented on the plaster cast using clay. These muscles were mod-
eled based on textbook descriptions and relationships evident from
prosected wet and plastinated specimens, following the directions
of Wilkinson (22; see Fig. 1).

As the canine teeth were not present, their relative positions were
estimated and the mouth width calculated using the guideline of
Stephan and Henneberg (25). As no bony landmarks were available
for mouth width determination, the estimated distances ⁄ positions
were double checked against the (estimated) locations of the medial
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iris edges (20,26). The lip closure line and stomion were estimated
to lie in the region where the central incisors would have been if
they had been present (27). The nose width was determined accord-
ing to the guideline that the nasal aperture represents three-fifths of
the total width of the nose (28) and projection was based on the
double tangent guideline (20,29,30).

Sheets of clay (c. 5 mm thick) were placed over the muscles to
approximate the facial soft tissue contours (20). As the soft tissue
depths were only used as guides, small portions (£0.5 mm) of the
indicator pegs remained exposed at several locations after the clay
sheets had been set in place; thus, these pegs were trimmed. Eye-
brows were represented along the supraorbital margin of the skull
(31), but as they are known to show considerable variation (32),
they were modeled to be suggestive rather than definite. The auri-
cles were estimated to be slightly larger than the height of the nose
(c. 10 mm) following data of Farkas et al. (33). After final ‘‘touch-
ups,’’ the completed facial approximation was photographed in
readiness for accuracy tests (Fig. 1).

A face array was constructed which comprised ten faces: the
target individual’s face and nine other nontarget faces of same sex
and approximate age as the target individual. The nontarget faces
were strategically selected so that assessors were unlikely to be
familiar with them (the nine foil faces came from a nonfamous
and non-University cohort). Adobe� Photoshop� 7.0 was used in
an attempt to standardize, in terms of lighting and image resolu-
tion, the nine ‘‘foil’’ face array photographs against those of the
target individual (see Fig. 2). To determine if the face array was
balanced in terms of photographic appearances, we informally
asked three individuals who were blind as to which face was that
of the target individual, if any face in the array stood out as
being different from the rest. All three individuals indicated that
the face #4 (the target individual) did not seem to fit the ‘‘look’’
of the other photographs. Most of these individuals reported that

photograph #4 looked ‘‘old-fashioned’’ in contrast to the other
photos (e.g., see differences in hairstyle, dress, pose, and photo-
graphic quality; Fig. 2). In addition, the eyes of the target individ-
ual were the only ones that deviated from a forward direction.
Despite these visual clues as to which face belonged to the target
individual, we proceeded with the experiment as there was the
chance that these biases would be useful rather than problematic
(i.e., in the case that infrequent true-positive recognition responses
were obtained).

The facial approximation and the face pool were printed onto a
single A4 answer sheet using a laser printer. This answer sheet was
photocopied to obtain the desired quantity for the experimental tests.
The same procedure was followed for resemblance rating tests
except that only the facial approximation (Fig. 1c) and the target
face (Face #4, Fig. 2) were printed onto the same answer sheet.
Figs. 1 and 2, respectively, demonstrate the appearance of the photo-
copied facial approximation and array faces which assessors exam-
ined. The height of the two images shown in the resemblance rating
test were identical (85 mm); however, because of space restrictions
in the recognition test, the face array images were 46 mm in height
while the facial approximation was 72 mm in height.

A total of 80 second-year anatomy students from University of
Queensland3 , who were unfamiliar with the target individual (person
to whom the skull belonged) acted as assessors and were thus used
to gauge the accuracy of the facial approximation. Forty-eight
assessors were used for the recognition tests (14 males and 34
females; mean age = 20 years, s = 4 years, range = 18 to
45 years), while 34 different assessors were used for the resem-
blance rating tests (17 males and 15 females; mean age = 20 years,
s = 4 years, range 17 to 35 years). Prior to taking part in any
experiment, all assessors received a brief project information sheet
and viewed a short video which demonstrated the construction of
the facial approximation used in the current study.

FIG. 1—Construction of the facial approximation. (a) plaster cast of skull with soft tissue depths in place and mandible secured to cranium using dental wax;
(b) partially completed facial approximation; (c) finished facial approximation; (d) the facial approximation as presented to assessors after photocopying.

TABLE 1—Types of facial approximation accuracy assessment methods used in the literature.

Accuracy Assessment Method Papers ⁄ Sources

a. Qualitative statements of resemblance Suzuki, 1973 (44); Krogman, 1946 (45); Prag & Neave, 1997 (20)
b. Resemblance ratings Helmer, 1993 (34); Wilkinson, 2004 (22)
c. Recognition results from face arrays using

unfamiliar assessors (simultaneous or sequential presentation)
Snow et al., 1970 (47); Stephan & Henneberg, 2001 (46);
Stephan & Henneberg, 2006 (13)

d. Recognition results using familiar assessors Stephan et al., 2005 (48)
e. Practitioner recognition of target faces Prag & Neave, 1997 (20)
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For the face array test, assessors were asked to examine the facial
approximation and use it in an attempt to identify the target face
from the array. This evaluation was ‘‘forced choice,’’ so all assessors
had to identify one of the array faces. The expected chance rate for
‘‘guessing’’ any face in the face pool, including that of the target
individual was therefore 10%. Recognition responses for each face
array photograph were compared to the chance rate using Fisher’s
exact tests (p < 0.05) in the GraphPad Prism� 4.01 statistical pack-
age (GraphPad Software, San Diego, CA). Note here that statistical
significance levels were not adjusted for multiple tests.

For the resemblance rating tests, a new group of assessors were
asked to score the resemblance between the facial approximation
and the target individual using a rating scale from one to five
(1 = great resemblance, 2 = close resemblance, 3 = approximate
resemblance, 4 = slight resemblance, 5 = no resemblance) as previ-
ously described by Helmer (34). This type of scale is commonly
employed in facial approximation circles (e.g., 22,34) and yields
discrete ordinal data that are nominally coded. The assessors that
were used in the resemblance rating tests did not observe any of
the nontarget faces included in the face array. In assessing the
facial approximation, these assessors were asked: ‘‘how accurately
do you think the facial approximation resembles the actual individ-
ual?,’’ and they wrote their answer on the answer sheet.

Results

Recognition tests showed that face #2 had the highest identifica-
tion rate (33%) and was the only face selected at rates above
chance at statistically significant levels (p < 0.05; Fig. 3). Face #6
was the second most identified, but at 26% this rate was not above

chance at statistically significant levels (p > 0.05). The target face,
image #4 was the third most identified face and had an identifica-
tion rate of 21%, but this rate was also not above chance at statisti-
cally significant levels (p > 0.05). Four faces in the face array went
unidentified throughout the entire test (Face #’s: 1, 5, 8, & 10).

Resemblance scores of the facial approximation to the target face
ranged from two to five, with a mean, median, and mode of three
(equivalent of ‘‘approximate resemblance’’; Fig. 4). Eighty-eight
percent of assessors thought that the facial approximation bore at
least a slight resemblance to the target individual with 60% of
assessors rating it ‘‘approximate resemblance’’ or better.

FIG. 2—The photocopied face array as used for ‘‘unfamiliar’’ recognition tests. The target individual is face #4.7

FIG. 3—Face array recognition results. The black bar indicates recogni-
tion responses of the target face and the dashed line represents the chance
identification rate. The ‘‘*’’ represents statistically significant difference
from the chance at p < 0.05.
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Discussion

Although resemblance ratings and recognition tests have both
been employed to measure facial approximation accuracy in the lit-
erature (see Table 1), the results of this study indicate that these
two assessment methods produce different outcomes, even if the
same facial approximation is used. The face array recognition test
indicated poor accuracy as the true positive identification rate was
low (20%), and was not above chance (p > 0.05), and its rank
order was high (it was only the third highest identification rate out
of six identified faces). In contrast, the resemblance rating
responses indicated a moderate degree of accuracy with the mean
response rate equal to three on a five-point scale. Although there
was some right sided skew in the distribution, the vast majority of
responses were positive: c. 60% indicated an approximate-to-close
resemblance5 . The mismatch between the results of the two methods
indicates that they are, at best, weighing the same variable differ-
ently, or at worst, measuring two completely different variables.

The mean resemblance score observed in this study was slightly
lower than, but still comparable to resemblance ratings of: (i) facial
approximations that have been regarded to be ‘‘accurate’’ (34);
(ii) facial approximations that have not been identified above
chance rates (35); (iii) facial approximations that have been identi-
fied above chance rates (22,35); and (iv) facial approximations that
have either been correctly or incorrectly identified (11). The incon-
sistency of these data do not augur well for resemblance rating
tests; however to more precisely determine their nature, an addi-
tional experiment was conducted to examine the resemblance rating
scores of the three disparately recognized ‘‘foil’’ faces used in the
face array.

Experiment 2: Resemblance Rating Scores of Disparately

Recognized Foil Faces

Materials and Methods

Three nontarget images from the face array which represented a
broad range of false positive identification responses were subject
to resemblance rating tests to determine if these scores co-varied
with the identification rate of each face. The three ‘‘foil’’ faces
comprised: (i) the most frequently identified nontarget face (face
array image #2); (ii) the first unidentified nontarget face in the face
array sequence (face array image #1); and (iii) a nontarget face that
was identified at rates close to (but slightly below) that of the target
face (face array image #7).

Resemblance scores for each of the foil faces were obtained by
using for each face, new groups of assessors who had not taken

part in prior experiments. Furthermore, an additional group of
assessors was used to view all three foil faces simultaneously and
make a resemblance rating for each. Thus, the three foil faces were
subject to tests using both unmatched and matched experimental
designs.

The procedure for testing the facial approximation to a single
face array image was identical to that used in experiment 1;
however, for the group that examined all three faces at once, the
question was asked ‘‘how accurately do you think the facial
approximation resembles each of the three individuals presented
below?’’ The facial approximation and each of the face array
images were presented side-by-side as in experiment 1, however, in
the case of simultaneous face comparisons, all three images were
presented side-by-side and adjacent to the facial approximation
image. All images in this second resemblance rating experiment
were of identical size to the images used for the original resem-
blance rating test and all participants received a similar brief on the
facial approximation methods before undertaking the experiment.

A total of 93 second-year anatomy students from University of
Queensland, who did not take part in experiment 1 and who were
unfamiliar with the face array photographs acted as assessors. Face
#2 from the face array was evaluated by 16 assessors (nine males
and seven females; mean age = 21 years, s = 9 years, range = 18
to 56 years). Face #1 was evaluated by 21 different assessors (eight
males and 13 females; mean age = 21 years, s = 6 years,
range = 18 to 40 years). Face #7 was evaluated by 24 different
assessors (11 males and 13 females; mean age = 20 years,
s = 4 years, range = 18 to 36 years). All three faces were evaluated
by 32 different assessors (nine males and 22 females; mean
age = 22 years, s = 6 years, range = 18 to 44 years).

As the data were of the ordinal type and not normally distrib-
uted, nonparametric methods were used to test for statistical signifi-
cance. A Kruskal–Wallis ANOVA (using Dunn’s post test) was
used to analyze the differences in resemblance scores between each
of the single face array images in the unmatched design. A Fried-
man two-way ANOVA (using Dunn’s post test) was used to ana-
lyze the matched data (i.e., the differences between resemblance
scores for each of the three simultaneously presented face array
images). All statistical analyses were conducted within the Graph-
Pad Prism� 4.01 statistical package (GraphPad Software).

Results

Mean and median resemblance scores for the three independently
assessed foil faces in the unmatched design were extremely similar
(see Fig. 5) and statistical tests revealed that the median score for
face #7 was less than the median scores for both face #1 and #2
(p < 0.05). There was no statistically significant difference between
medians for face #1 and #2. For each comparison the resemblance
scores tended to cluster near the middle of the scale with few
assessors using either extreme (Fig. 6). This was the case even for
face #1 which was never identified during the face array tests, and
which also received a mean resemblance score identical to that of
the most identified nontarget face (Fig. 5). A statistical comparison
of the median scores for face #4 (the target face) to face #1 and #2
using a Kruskal–Wallis ANOVA (and Dunn’s post test) revealed
no statistically significant differences between these groups.

For the assessors who viewed all three faces at the same time
and rated the facial approximations resemblance to each, median
resemblance ratings were found to be most favorable for the
poorly-recognized face (face #7, median = 2), followed closely by
the most-recognized face (face #2, median = 3) and last by the
unrecognized face (face #1, median = 4; see Fig. 5). Statistical tests

FIG. 4—Resemblance rating results of the facial approximation to the
target individual (face array #4).

STEPHAN AND CICOLINI • ACCURACY OF FACIAL APPROXIMATION 61



revealed that face #1 received resemblance ratings significantly
higher than both face #7 and #2 (p < 0.01), but that resemblance
scores of face #7 and #2 did not differ (p > 0.05).

Discussion

The results of this study clearly indicate that resemblance ratings
generated from a five-point scale using a side-by-side comparison
of a single face to a facial approximation, as is typically used in
current facial approximation procedures, yields little valuable infor-
mation. Resemblance ratings of different faces are similar (and
toward the center of the rating scale) irrespective of the morphol-
ogy, or the prior recognition performance of the face used for com-
parison. Furthermore, discrimination between faces using
resemblance ratings did not dramatically improve with matched
designs where assessors had the opportunity to compare all three
faces to one another while making their resemblance rating deci-
sions. This protocol did, however, yield resemblance scores that
tended to differentiate unrecognized faces (they received the highest
score), but no differentiation was found between poorly or strongly
recognized faces. The best recognized face from the face pool
(which was recognized above chance rates at statistically significant
levels) received a median resemblance score which was higher than
that of a poorly recognized face (median of three as compared to a
median of two, respectively). Thus, the value of resemblance rat-
ings even in matched comparisons where assessors can simulta-
neously view a number of faces appears to be small.

General Discussion

This study provides additional support to past claims (11,35) that
commonly employed resemblance rating protocols offer little useful
information concerning the accuracy of a facial approximation.
Firstly, resemblance rating tests do not produce results that are
highly consistent with recognition performances and secondly,
resemblance rating tests produce similar (and moderately high)
resemblance scores irrespective of which face is used for the com-
parison. This is especially the case when comparison faces are pre-
sented singly and in isolation.

It is worth noting here that ‘‘show-up’’ tests in eyewitness identifi-
cation are also known to be weak because they examine only one
person of interest and are thus biased (36–38)—a comparable sce-
nario to the resemblance rating test. Furthermore, without compari-
son faces or exemplars to calibrate the resemblance scale, assessors
may choose to nominate more ambiguous responses toward the

middle of the scale as a safety measure (i.e., to ensure they are not
entirely incorrect in their decision). This pattern can be observed not
only in this study but also in many others (13,22,34) where the
extremes of resemblance rating scales are rarely selected. Particularly
pronounced was this effect in a recent study by Stephan and Arthur
(35), where one of the constructed faces was frequently correctly
recognized (true positive identifications = 98%) and another was
infrequently correctly recognized (true positive identifications =
12%), yet both facial approximations received similar resemblance
rating within the mid-range of the resemblance rating scale.

The findings of this study (and those reported in the literature) do
not rule out the possibility that resemblance rating scales may be

FIG. 6—The resemblance rating distributions for disparately recognized
faces from the face array.

FIG. 5—Median resemblance rating scores for disparately recognized
faces from the face array. The dashed line indicates the median resem-
blance score previously obtained for the target face (face #4).
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useful with some alteration, but they strongly suggest that currently
employed methods are, at least, insensitive. This lack of sensitivity
may be because of the ordinal nature of the scale since the distance
to neighboring data points may not be identical within different
scale regions. That is, if Helmer’s scale is reversed, so 1 becomes
no resemblance and 5 becomes great resemblance, then the value of
4 (close resemblance) may not be equal to two times the score of 2
(slight resemblance). Thus, the high density of resemblance rating
scores which typically fall between 2 and 3 on Helmer’s original rat-
ing scale may result from a disproportionately large space between
‘‘close’’ and ‘‘approximate’’ resemblance as viewed by the assessors.
Improvements to the scale may, therefore, be possible by: (i) trim-
ming unused extremes and exploding the magnification of the com-
monly used region; (ii) using a scale that is interval in nature6 (rather
than ordinal); and ⁄ or (iii) redefining the discrete values along the
ordinal scale. While all ⁄any of these changes may help to improve
the sensitivity of the resemblance rating scale, they do not circum-
vent the problem that when using a single face for comparison,
assessors are not given the opportunity to view other nontarget
faces. While this problem could be solved by having assessors rate
many faces, the procedure becomes cumbersome and time-intensive
and offers no additional advantage over recognition trials which
better target recognition performance.

It should be noted here that attempts to improve resemblance rat-
ing scales by increasing the interval nature have been previously
made by Stephan and Arthur (35) but without success. These
authors defined the extremes of their 6-point scale as ‘‘no’’ and
‘‘high’’ resemblance and used evenly distributed interval values
(i.e., 1–3) between these extremes. The results of their experiments
indicate that disparate facial approximations still received similar
resemblance rating scores, even though recognition responses were
found to be extremely different. These observations suggest that if
resemblance rating methods are to be improved, several of the
above suggested factors may need to be addressed. Further pursuits
in this area remain valuable as a fast and simple test that meaning-
fully measures the accuracy of facial approximations would be
favorable to more time-intensive recognition trials. However, at this
time it seems unlikely that a direct comparison between a single
face and the facial approximation can accommodate for the limits
imposed by the exclusion of other nontarget faces and, therefore,
recognition tests using face arrays appear to be most favorable.
Here, it is worth noting that multiple formats of recognition tests
exist, but that sequential presentation methods are favored because
they preclude large numbers of false positive identifications (see
for evidence in the facial approximation context [13] or for eyewit-
ness identification contexts [39–43]).

While face array tests hold advantages, it is important to
acknowledge that they are not without their limitations. For exam-
ple, in forensic casework, a member of the public is not presented
with an array of faces from which to select, rather the identification
is usually made from memory. Furthermore, in such cases, the
identification is usually made under familiar conditions (the person
making the identification knew the person they are nominating
well), which is unrepresentative of the unfamiliar face array test.
These limitations could be avoided by using imaging techniques to
scan a living subject and capture data to generate a replica skull,
upon which a facial approximation could be constructed and tested
using relatives of the target individual. However, no such study
using a large number of skulls has yet been conducted and thus
results of these ultimate tests remain to be determined.

Although this study did not set out to test the accuracy of facial
approximation methods themselves, but rather the difference
between these assessment methods, this investigation incidentally

provides a further example of a poor recognition performance of
current facial approximation methods. This result was observed
even though the face pool was constructed in such a way as to
favor correct responses (i.e., the target individual’s antemortem
photograph stood out from the other face array images in terms of
direction of gaze and photographic style, and up to 40% of the
faces included in the face array may have been nonfunctional—that
is, as they were never recognized, they may have been too easily
excluded as plausible matches).

The lack of above chance recognition of the target face in this
study may indicate deficiencies in published facial approximation
methods, or alternatively, it may be because of the trainee status of
the practitioner as some have previously argued (e.g., see 20).
Despite a lack of scientific evidence concerning the role practi-
tioner experience plays in facial approximation method perfor-
mance, it seems reasonable to conclude that the poor recognition
results of facial approximations are, at least in part, due to weak-
nesses in methods. The relative paucity of empirically tested and
published soft tissue prediction guidelines (see e.g., 6,20,22,30) for
the estimation of the face (a complex biological feature) appears to
be a significant limitation.
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