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The accuracy of forensic craniofacial reconstruction/approximation can be influenced by a number of environmental factors. The aim of this study 
was to investigate how different average facial soft tissue depth datasets might influence the accuracy of craniofacial reconstruction employing two 
accuracy assessment methods;face-pool comparison and geometric surface comparison.

Six craniofacial reconstructions 
were produced using three-dimensional modeling 
software from 3D skull images of live Korean adult 
subjects generated by cone-beam computerized 
tomography. The six craniofacial reconstructions 
were divided into two groups: three created using an 
outdated Korean averaged facial soft tissue 
thickness dataset, and three created using a recent 
one. The accuracies for six craniofacial 
reconstructions were measured using face-pool 
comparison and geometric surface comparison 
methods to estimate the influential level of average 
facial soft tissue depth datasets to craniofacial 
reconstructions.       

In face-pool comparisons, the recent dataset demonstrated a higher recognition rate than the outdated one. The results were compared to 
those of geometric surface comparisons using the same six craniofacial reconstructions; a positive correlation was detected.       

The results suggest that appropriate averaged facial soft tissue depth datasets influence the accuracy of craniofacial reconstructions, 
and that the geometric surface comparison method might be interchangeable with face-pool comparison method to evaluate the accuracy of craniofacial 
reconstructions.   
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Subsequently, numerous studies of accuracy of CFR have used 
face-pool comparison (Stephan and Arthur, 2006; Stephan and 
Cicolini, 2008; Lee and Wilkinson, 2016; Snow et al., 1970; 
Stephan and Cicolini 2010). Although face-pool comparison 
enables evaluation of the validity of CFR, it is a complicated and 
time-consuming procedure involving acquisition and selection of 
facial photographs for distractors, arrangement of the 
photographs in an array, recruitment of assessors, and a 
questionnaire survey (Lee and Wilkinson, 2016). 

Thus, alternative objective methods of evaluating the 
accuracy of CFR are required. Development of computerized 
facial depiction systems has enabled computer-generated three-
dimensional (3D) CFR (Stephan, 2003; Wilkinson et al., 2006; 
Guyomarc'h et al., 2014). Using such systems, a CFR can be 
produced using an automated (Guyomarc'h et al., 2014; Turner et 
al., 2005; Claes et al., 2010; Decker et al., 2013) or modeling 
(virtual sculpture) method (Short et al., 2014; Lee and Wilkinson, 
2016; Wilkinson et al., 2006; Wilkinson, 2003). The accuracy of 
computer-generated CFRs can be measured using 3D geometric 
surface analyses (reverse modeling software) as the 3D CFRs 
can be aligned in a 3D virtual space by reverse modeling 
software. Differences in skin thickness can be quantified and 
visualized as a deviation map (Lee et al., 2012; Wilkinson et al., 
2006; Guyomarc'h et al., 2014; Lee et al., 2015).

Wilkinson et al. (2006) used the geometric surface 
comparison method to evaluate the accuracy of two CFRs 
produced from computed tomography (CT)-scanned skull 
models of two live individuals (white North American male and 
female). Lee et al. (2012; 2015) performed two CFR accuracy 
studies using the geometric surface comparison method. First 
study (Lee et al., 2012) employed the 3D-scanned skull models of 
three live Korean subjects for CFRs (hereafter, ‘outdated FSTT’), 
and used the same methodology as an earlier study (Wilkinson, 
2006). The average FSTT data for CFRs (Lee et al., 2012) were 
obtained from a Korean population in Russia whose ancestors 
immigrated 100 years ago (Lebedinskaya et al., 1993). 

Second study (Lee et al., 2015) evaluated the accuracy 
of CFRs using an updated FSTT dataset of the current Korean 
population (Hwang et al., 2012) (hereafter, ‘recent FSTT’). The 
results were compared to investigate the influence of FSTT 
data based on the accuracy of CFR (Lee et al., 2012; Lee et al., 
2015). However, the three aforementioned studies had 
important limitation (Lee et al., 2012; Wilkinson et al., 2006; Lee et 
al., 2015). Whether improved quantitative accuracy of CFR 
increases the recognition rate is unclear. Therefore, the effects of 
improved accuracy of CFR on the target face recognition rate 
should be investigated using some other quantitative method. In 
this study, the influence of FSTT dataset was evaluated based on 
the CFR and the recognition rate in each CFR tested by the face-
pool comparison method. In addition, the results were compared 
to those of previous CFR accuracy studies using the geometric 
surface comparison method to assess whether improved CFR 
accuracy is correlated to increased recognition rate.

Introduction

Craniofacial reconstruction (CFR), also known as 
“facial approximation” (Stephan, 2003; Wilkinson, 2005), 
enables projection of the facial appearance of a person onto a 
skull based on both scientific standards and artistic skill 
(Wilkinson, 2010). Nevertheless, the ultimate aim of CFR is to 
predict antemortem facial appearance to facilitate identification 
of an individual in the forensic sciences. The resemblance of the 
reconstructed face to the antemortem facial countenance 
determines the reliability of technique. The accuracy of CFR is 
mainly influenced by predicting of facial components based on 
morphological/ craniometrical skull analyses and averaged 
facial soft tissue thickness (FSTT) data (Lee et al., 2012). The 
prediction guidelines for the eyes (Wilkinson and Mautner, 
2003; Kim et al., 2016), nose (Lee et al., 2014; Tedeschi-
Oliveira et al., 2016; Utsuno et al., 2016), and mouth (Wilkinson 
et al., 2003; Dias et al., 2016; Mala and Veleminska, 2016) have 
been updated. In addition, various averaged FSTT datasets 
have been established for diverse ethnic groups (Hamid and 
Abuaffan, 2016; Wang et al., 2016).

To guarantee reliability, the accuracy of CFR in terms of 
degree of resemblance between the actual and reconstructed 
face must be tested by established qualitative and quantitative 
assessments (Lee et al., 2012). The former is done mainly 
using one-to-one and face-pool comparison methods (Lee et 
al., 2012; Stephan and Arthur, 2006; Stephan and Cicolini, 
2008). In the one-to-one comparison method, assessors are 
instructed to determine the degree of resemblance between 
CFR and corresponding photograph of the face. In the face-
pool comparison method, assessors are instructed to match a 
target image of CFR to a range of faces in a photograph array, 
which is similar to an identification parade. Quantitative 
approaches include anthropometric comparison of 
discrepancies in primary landmarks between CFR and target 
face (Short et al., 2014), and superimposition of CFR on a 
photograph of the target face to identify differences in the 
surface contours of two head models (Wilkinson, 2010).

Face-pool comparison is considered an efficient and 
objective approach (Stephan and Arthur, 2006; Stephan and 
Cicolini, 2008; Lee and Wilkinson, 2016). Although classified as a 
qualitative approach because the accuracy of CFR is determined 
by the subjective decisions of the assessors, it is realistic because 
CFRs in actual forensic cases are recognized by acquaintances 
based on facial perception (Stephan and Cicolini, 2008; Lee and 
Wilkinson, 2016; Bruce et al., 1999). Furthermore, the results can 
be presented as numerical recognition rates. Therefore, this 
method is used in CFR accuracy studies to assess the objective 
accuracy of reconstructed faces in association with facial 
recognition (Stephan and Arthur, 2006; Stephan and Cicolini, 
2008; Lee and Wilkinson, 2016). The first case was reported by 
Snow et al. (1970), who produced male and female CFRs from 
the skulls of a body donor and a forensic case, and explored the 
accuracy of reconstruction by face-pool comparison. 
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In the second step, the resemblance-rated candidate 
distractors were divided into five groups according to their degree 
of resemblance. Two distractors were randomly selected from 
each group, with the exception of the group with a resemblance 
rating of five, from which only one distractor was selected. As a 
result, nine distractors were selected for each photograph array. 
Because CFRs do not include hair, the hairstyles were removed 
from the facial photographs as much as possible. The 
photographs were black and white. To ensure that the quality of 
facial image did not affect the evaluation, the image brightness, 
contrast, background, and size were homogenized using image-
editing software (Adobe® Photoshop® CS6, ver. 13.0). The 10 
facial photographs were arranged randomly in a photograph 
array (Fig. 3). Face-pool recognition performance was evaluated 
using an online survey tool (http://www.surveymonkey.com™). 
The questionnaires were distributed to acquaintances of the 
researchers by e-mail or messaging software. By clicking on a 
hyperlink, participants (assessors) started the survey after 
reading an information sheet and providing consent to participate. 
Participants received six questionnaires, each of which consisted 
of one target CFR and 10 facial photographs, and were instructed 
to select the face they felt corresponded to the CFR. Participants 
could select ‘No actual face’ if they decided that there was no 
matching face. There was no time limit and all answers were 
anonymous. Participants did not provide any information other 
than their sex, age, nationality, and occupation related to 
craniofacial analyses. In all, 164 answers were collected. The 
results of the questionnaire were divided according to the 
outdated Korean average FSTT dataset and the recently 
generated Korean average FSTT dataset. 

Statistical analyses:  Statistical analyses were performed using 
R ver. 3.3.1 software. Pearson’s Chi-square and goodness-of-fit 
tests, paired t-tests, one-way analyses of variance (ANOVA), and 
Kruskal Wallis tests were performed to assess the correlations 
between variables. The level of significance (α) was set at 0.05. 
This study was approved by the Institutional Review Board of 
Chonnam National University Dental Hospital (Approval number: 
CNUDH-2017-010).

Results and Discussion

The sex, age, and occupation of the assessors are shown 
in Table 2. In all, 164 responses were collected from 72 (43.9%) 
male and 92 (56.1%) female assessors. The age distribution was 

Materials and Methods

Six CFRs (two sets of three CFRs produced from 
outdated FSTT(Lee et al., 2012) and recent FSTT (Lee et al., 
2015) were subjected to face-pool comparison. These 3D skull 
images from six living Korean adult subjects were acquired by 
cone-beam computed tomography (CBCT) (Alphard Vega™, 
Asahi Roentgen Co., Kyoto, Japan) with a voxel size of 0.39 mm 
and field of view (FOV) of 200 × 179 mm (Table 1). Six CFRs using 
the corresponding 3D skull models were produced using 3D 
modeling software (Geomagic®FreeForm®Plus, 3D Systems®, 
USA). Two FSTT datasets for adult Koreans were applied to 
generate the CFRs; an outdated dataset (Lebedinskaya et al., 
1993) and a recent dataset (Hwang et al., 2012). The faces of 
subjects were rebuilt according to combination method (Stephan 
et al., 2003; Lee et al., 2012; Lee et al., 2015). 

To assess accuracy using face-pool comparison method, 
six CFRs were divided into two groups: three CFRs using the 
outdated Korean average FSTT dataset (Lebedinskaya et al., 
1993) (CFR-A, CFR-B and CFR-C) (Fig. 1), and three using the 
recently generated Korean average FSTT dataset (Hwang et al., 
2012) (CFR-D, CFR-E and CFR-F) (Fig. 2). The recognition rates 
of the six CFRs were evaluated using the face-pool comparison 
method. To evaluate the recognition rate, six photograph arrays 
were prepared, each including 10 facial photographs: 9 
distractors and 1 matching the CFR.

Distractors were selected according to the method for 
constructing line-ups (distractors) recommended by the Police 
and Criminal Evidence Act 1984 code D of the UK government 
(Home Office, 2017). In the first step, 111 frontal facial 
photographs of volunteers (55 of males and 56 of females) were 
taken. The volunteers were informed of the purpose of the study 
and provided consent for use of their facial photographs in face 
pools and publications. These facial photographs were 
candidate distractors. Distractors for each CFR were selected 
by five assessors by rating the degree of resemblance from one 
(lowest resemblance) to five (highest resemblance) between 
the actual facial photograph and the candidate distractors of the 
same sex. Hence, each CFR had 55 (male) or 56 (female) 
distractor candidates. The final degree of resemblance was 
taken as that most frequently recorded by the five assessors. 
This process resulted in six sets of candidate distractors 
arranged by the degree of resemblance.

Table 1: Profiles of six subjects on which three-dimensional computed tomography scanned skull models were based

Study CFR Sex Age Applied average FSTT dataset

Lee et al. (2012) (outdated FSTT) CFR-A Male 30 Lebedinskaya et al. (1993)
CFR-B Female 27
CFR-C Male 27

Lee et al. (2015) (recent FSTT) CFR-D Male 27 Hwang et al. (2012)
CFR-E Female 32
CFR-F Male 26
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as follows: 72 (43.9%) were in their 20s, 54 (32.9%) were in their 
30s, 29 (17.7%) were in their 40s, 8 (4.9%) were in their 50s, and 1 
(0.6%) was more than 60 years of age. The occupations of 29 
(17.7%) assessors were related to craniofacial analyses.

The assessors had 50% chance of correctly determining 
whether the target was present in the face pool, and 10% chance 
of choosing the correct face if they decided that the target was 
present in the face pool. Therefore, each target had 5% chance 
(50%×10%), as all face-pool comparisons were target-present 
trials. The recognition rates for six CFRs were greater than would 
be expected by chance (23.2% for CFR-A, 34.2% for CFR-B, 
9.2% for CFR-C, 26.2% for CFR-D, 45.1% for CFR-E, and 20.7% 
for CFR-F; Table 3, Fig. 4). The overall mean recognition rate was 
26.4%. All results were significant (p < 0.001), which indicates that 
the decisions of the assessors were not due to chance (Table 3). 
CFR-A, CFR-B, and CFR-E had the highest recognition rates 
among the 10 facial photographs in each photograph array, 
followed by CFR-D, CFR-F and CFR-C. The overall mean 
recognition rates of male and female assessors were 25.7% 
and 27.0%, respectively; the difference was not significant. 
Assessors in their 20s, 30s, 40s, 50s and 60s showed 
recognition rates of 29.4%, 20.7%, 28.2%, 29.2% and 50.0%, 
respectively. The result from 60s was scored by only one 

assessor. Assessors with occupations related and not related to 
craniofacial analyses had a recognition rate of 22.4% and 
27.3%, respectively (p > 0.05). Next, the results were analyzed 
to note whether the CFR was produced using the dataset from 
outdated FSTT (Lee et al., 2012) or recently FSTT (Lee et al., 
2015). The mean recognition rates were 22.2% and 30.7% for 
outdated FSTT and recent FSTT, respectively (Table 4). 

Fig. 1: Three CFRs used for outdated FSTT (left to right, CFR-A, CFR-B, and CFR-C).

Fig. 2: Three CFRs used for recent FSTT (left to right, CFR-D, CFR-E, and CFR-F).

A B C

D E F

Table 2: Sex, age and occupation of the assessors

Categories of assessor Proportion (%)

Sex
Male 72 (43.9%)
Female 92 (56.1%)
Age (years)
20s 72 (43.9%)
30s 54 (32.9%)
40s 29 (17.7%)
50s 8 (4.9%)
More than 60 1 (0.6%)
Occupation
Relevant to craniofacial analyses 29 (17.7%)
Irrelevant to craniofacial analyses 135 (82.3%)
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Fig. 3: Photograph arrays used to assess CFR recognition rates.
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±2.5 mm for outdated FSTT and recent FSTT, respectively 
(Table 7). The increased quantitative accuracy from outdated 
FSTT to recent FSTT (65.2% to 84.5%) was positively correlated 
with the face-pool comparison results (22.2% to 30.7%) (Figs. 5 
and 6). The results using recent FSTT showed a better 
quantitative accuracy and lesser deviation than those using 
outdated FSTT (Fig 5). The face-pool comparison results 
exhibited a similar pattern (Fig. 6), although the discrepancy 
between the two studies (8.5%) was of lesser magnitude than the 
results from the quantitative studies (19.3%).

The overall mean recognition rate for six CFRs of 26.4% 
was lower. However, it is comparable to those obtained in previous 
studies that used recognition tests: 12.7% (Lee and Wilkinson, 
2016), 23% (Fernandes et al., 2012), 21% (Stephan and Arthur, 
2006) and 21% (Stephan and Cicolini, 2008). Although the studies 
employed slightly different methodologies and performance 
procedures, the mean recognition rate in this study was higher than 
previous studies. The mean recognition rate recorded by familiar-

The difference between the two groups was significant (p 
< 0.05), except for 60s whose recognition rate was collected by 
only one assessor. The two female CFRs showed recognition 
rates of 34.2% for CFR-B for outdated FSTT and 45.1% for CFR-
E for recent FSTT. A higher recognition rates of female CFRs may 
have influenced the results, subanalyses according to sex were 
conducted. The four male CFRs were divided according to 
whether the CFR was produced from outdated FSTT or recent 
FSTT, and analyzed. The two male CFRs for recent FSTT had a 
higher recognition rate (23.5%) than the two male CFRs 
foroutdated FSTT (16.2%) (p < 0.05) (Table 5).Similarly, the 
female CFRs for recent FSTT had a higher recognition rate 
(45.1%) than the female CFR for outdated FSTT (34.3%) (p < 
0.05) (Table 6). The face-pool comparison results were 
compared to those of two previous quantitative accuracy studies 
(Lee et al., 2012; Lee et al., 2015) to determine whether improved 
quantitative accuracy is correlated to increased CFR recognition 
rate. In geometric surface comparisons, 65.2% and 84.5% of the 
CFR surface deviated from the actual facial scan by no more than 

Table 3: Overall recognition rates for six CFRs

CFR Hit count/total number of responses Recognition rate (%) Chi-square goodness-of-fit test 

CFR-A 38/164 23.2 p < 0.001
CFR-B 56/164 34.2 p < 0.001
CFR-C 15/164 9.2 p < 0.001
CFR-D 43/164 26.2 p < 0.001
CFR-E 74/164 45.1 p < 0.001
CFR-F 34/164 20.7 p < 0.001
Mean 26.4

Table 4: Recognition rates for outdated FSTT and recent FSTT

Group CFR Recognition Mean recognition Significance
rate (%) rate (%) (p-value)

Lee et al. (2012) CFR-A 23.2
(outdated FSTT) CFR-B 34.2 22.2

CFR-C 9.2  
Lee et al. (2015) CFR-D 26.2 0.0015*
(recent FSTT) CFR-E 45.1 30.7

CFR-F 20.7

*p < 0.05

Table 5: Recognition rates of male craniofacial reconstructions (CFRs)

Group CFR Recognition Mean recognition Significance
rate (%) rate (%) (p-value)

Lee et al. (2012) CFR-A 23.2
(outdated FSTT) CFR-C 9.2 16.2 0.012*
Lee et al. (2015) CFR-D 26.2  
(recent FSTT) CFR-F 20.7 23.5

*p < 0.05
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race assessors for CFRs was 19.4% (Lee and Wilkinson, 2016), 
who employed almost the same methodology as in the current 
study in terms of CFR ancestry and assessors. It might be 
assumed that the CFR method has enhanced accuracy when 
comparing the result of Lee and Wilkinson (2016). However, the 
efforts to increase the accuracy of CFR must be continued as 

general recognition rates have remained about one-quarter of the 
recognition rate.

The mean recognition rates did not significantly differ 
between male and female assessors, in agreement with previous 
reports (Lee and Wilkinson, 2016; Snow et al., 1970; Wilkinson et 

Fig. 4: Overall recognition rates of six CFRs.

Fig. 5: Box plot of difference between outdated FSTT and recent FSTT by geometric surface comparison.



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, May 2020¨

546 S.M. Kim et al.: Quantitative accuracy and recognition rate of craniofacial reconstructions

al., 2006). Also, assessor age did not affect the CFR recognition 
rate with the exception of one assessor who was more than 60 
years of age. The recognition rate did not significantly differ 
between assessors with occupations related and not related to 
craniofacial analyses. This contradicts two previous studies 
(Snow et al., 1970; Wilkinson and Whittaker, 2002) that utilized 
face-pool comparison. Snow et al. (1970) reported that police 

officers experienced in facial identification had a significantly 
higher CFR recognition rate (80.2%) than general public (56.9%). 
Wilkinson and Whittaker (2002) reported that experts in facial 
analyses had a significantly higher CFR recognition rate (60%) 
than non-experts (36%). A possible hypothesis could be that 
craniofacial identification was introduced relatively recently in 
South Korea. It may be assumed that the assessors related to 

Table 6: Recognition rates of the female craniofacial reconstructions (CFRs)

Group CFR Recognition rate (%) Significance (p-value)

Lee et al. (2012) (outdated FSTT) CFR-B 34.2
Lee et al. (2015) (recent FSTT) CFR-E 45.1 0.028*

*p < 0.05

Table 7: Results of the geometric surface and face-pool comparative methods

CFR Geometric surface Recognition rate in face-
comparison (%)* pool comparison (%)

Lee et al. (2012) (outdated FSTT) CFR-A 54.3 23.2
CFR-B 64.6 34.2
CFR-C 76.7 9.2
Mean 65.2 22.2

Lee et al. (2015) (recent FSTT) CFR-D 87.5 26.2
CFR-E 79.3 45.1
CFR-F 86.8 20.7
Mean 84.5 30.7

*Geometric surface comparison: Distribution (%) of the deviation error (minimum range within 2.5 mm) between the surfaces of the CFR and the face of 
the corresponding subject

Fig. 6: Box plot of the difference between outdated FSTT and recent FSTT by face-pool comparison.
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craniofacial analyses have less training and/or experience in 
craniofacial identification than their colleagues in other nations. 
However, this hypothesis must be carefully interpreted until 
continuous recognition survey is performed.  

The correlation between use of appropriate average 
FSTT data and the quantitative accuracy/recognition level of CFR 
has been investigated by researchers. Wilkinson et al. (2002a) 
produced six CFRs using six FSTT datasets from six groups with 
different ancestries, and used a resemblance rating method and 
quantitative visual analyses to assess the recognition rate. Use of 
an appropriate FSTT dataset yielded the highest accuracy. 
Fernandes et al. (2012) using the face pool comparison method 
evaluated the recognition rate of three Brazilian CFRs using three 
average FSTT datasets from a Brazilian MRI study, Brazilian 
cadaver study, and white Americans. The CFR using FSTT 
dataset from the Brazilian MRI study scored the highest 
recognition rate. Both studies demonstrated that a suitable FSTT 
dataset influences the recognition rate. Our results are in 
agreement with those results.

In terms of correlation between quantitative accuracy and 
recognition rate, Wilkinson et al. (2006), using the geometric 
surface comparison method, demonstrated that 60% and 52% of 
the surface of white European male and female CFRs deviated from 
the actual values by no more than ± 2.5 mm. The face-pool 
comparison method had a recognition rate of 69% for the male CFR 
and 71% for the female CFR. Lee et al. (2012; 2015) evaluated CFR 
accuracy using the geometric surface comparison method and an 
outdated FSTT dataset (Lebedinskaya  et al., 1993) and reported 
equivalent or improved deviations between the CFRs and the 
targets (54%, 65%, and 77% of the surfaces of three CFRs deviated 
from the facial scans by no more than ± 2.5 mm) than the results of 
Wilkinson et al. (2006). In Lee et al. (2015), which used recent FSTT 
dataset for Korean adults (Hwang et al., 2012), the deviations 
between the CFRs and the target subjects were significantly greater 
(88%, 79% and 87% of the surfaces of the three CFRs deviated 
from the facial scans by no more than ± 2.5 mm) than those for 
outdated FSTT. However, whether improved quantitative accuracy 
increases the CFR recognition rate was unclear in the previous 
studies (Lee et al., 2012; Lee et al., 2015; Fernandes et al., 2012; 
Wilkinson et al., 2002b). 

In this study, we evaluated the accuracy of CFR using 
the face-pool comparison method;the mean recognition rates 
were 22.15% and 30.69% for CFRs in outdated FSTT and 
recent FSTT, respectively. This represents a 1.4-fold increase 
for recent FSTT. The mean rates of a no more than ± 2.5 mm 
deviation between the surfaces of the CFRs and the 
corresponding subjects were 65.2% and 84.5% in outdated FSTT 
and recent FSTT, respectively. This represents a 1.3-fold 
increase for recent FSTT. The results of the geometric-surface 
and face pool comparative methods demonstrated a positive 
correlation. However, it was limited to the overall mean values. 
Another limitation of this study was that different skulls were used in 
the outdated FSTT and recent FSTT studies, so the individuality of 

the skulls could have influenced the results. Therefore, a future 
study should establish a correlation between quantitative 
accuracy and recognition rate employing CFRs produced from 
the same skull with a different average FSTT dataset. 

The face-pool comparison method enabled assessment 
of the influence of FSTT dataset used to generate the CFRs on 
the recognition rate. Although this study has limitations, the 
results suggest that quantitative accuracy could be converted into 
the recognition rate. Therefore, our findings suggest that the 
geometric-surface comparison method could be used to evaluate 
the CFR recognition rate. The face-pool comparison method is 
complex and time-consuming, and so geometric surface 
comparison will be an alternative method to evaluate the CFR 
recognition rate quantitatively and qualitatively. 

In conclusion, the CFRs generated using a recent 
Korean FSTT dataset had higher recognition rates than did 
CFRs generated using an outdated dataset; this is in 
agreement with previous reports. Overall, the results indicate 
that improved quantitative accuracy translates into a higher 
CFR recognition rate. In addition, the geometric surface 
comparison method could be an alternative to the face-pool 
comparison method for assessing both quantitative and 
qualitative accuracy of CFR.This tentative conclusion should be 
verified clearly in further studies.
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