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Abstract : The purpose of this study was to examine the effec-
tiveness of virtual heads (i.e., three-dimensional models of human 
heads and faces). Our goal was to test these vir tual head models as 
functional substitutes for photographs of humans as well as for live 
humans during eyewitness lineups and other processes relating to 
person identif ication. We tested the effectiveness of vir tual heads 
by taking photographs of people and then using 3DMeNow software 
by bioVirtual to build three-dimensional models that resembled the 
photographs. We tested to see how easily experimental subjects would 
recognize images of the three-dimensional models (compared to pho-
tographs) after being trained on short video clips of people.  The goal 
of this study was to examine subjects’ recognition of virtual faces and 
to compare this performance to recognition of real faces [1]. In the 
following sections, we discuss relevant previous research, present the 
methods and results of the current study, and f inally point to direc-
tions for future work.

Previous Research

Previous research has studied the development of virtual 
heads [2, 3, 4, 5, 6]. In our previous research, we discussed the 
utility of using virtual reality simulations as an aid to identi-
fying criminal suspects as well as conducting more effective 
police lineups [7]. Virtual reality simulations have the distinct 
benefit of allowing extremely realistic simulations in which the 
forensic specialist maintains complete control over the simula-
tion details. For example, in reconstructing a crime scene using 
virtual reality simulation, one can build an entire city block or 
a crowded restaurant without having to employ a contractor, 
construction team, or actors. Similarly, using virtual heads for   
conducting police lineups (as opposed to either live lineups 
or photograph lineups) has three major advantages. First, the 
witness or identifier has the opportunity to explore the suspect 
at any possible viewing angle or distance while maintaining 
complete anonymity. Second, by using morphing techniques, 
the designer of the lineup can easily manufacture an infinite 
set of distracter heads (i.e., the virtual foils in the lineup) that 
are dissimilar to the suspect’s head. Third, using animation 
sequences, the lineup conductor can render any facial expres-
sion or verbal utterance from the virtual head. Because of the   
advantages, it is possible to conduct lineups that are more realis-
tic than when using mere photographs.

In previous research, we examined the utility of using 
virtual heads for person identif ication [8]. More specifically, 
we developed a number of photogrammetrically-generated, 
three-dimensional, virtual heads and tested their effectiveness 
in terms of recognizing previously known faces in a series of 
11 studies. In those studies, we employed experimental subjects 
and trained them to learn a series of human faces by looking at 
photographs. We then tested the subjects’ ability to recognize 
the faces they had learned by giving them lineups consisting of 
either photographs or virtual heads. 

The data from those studies demonstrated an approximate 
seven percent disparity in recognition between photographs and 
virtual faces, in that recognition was facilitated better from the 
photographs. However, in that study, the targets (i.e., the correct   
responses, the faces in the lineup that they had seen previously) 
in the photograph condition were the same pictures on which 
the subjects were trained. This is problematic, because it could 
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be the case that in some conditions, recognition was better 
in the photograph lineup than in the virtual head lineup not 
because of any difference in quality between photographs and 
virtual heads, but because there were peripheral details in the   
photographs to which subjects were paying attention. In the new 
study reported in the current paper, we remedied this potential 
problem by training subjects on video clips of suspects moving 
their heads. We then conducted lineups from either photographs 
or from virtual heads to examine the effectiveness of virtual 
heads.

Current Study

In the current study, subjects were trained on video clips of 
human faces in the training session. After training, we tested 
subjects on the photographs and virtual versions of those human 
faces over a number of viewing angles in the testing session.   
Subjects were given unlimited time during the training session 
and the testing session to view the stimuli.

Methods. There were 26 subjects in the study who received 
partial course credit for an introductory psychology course for 
participating. Subjects were tested one at a time. In the training 
session, we presented them with videos of f ive faces that had 
been randomly selected from our database. Each training face 
was a looping, black and white, 20-second video clip of a person 
moving his or her head slowly from side to side and then up and 
down. We randomly paired each face with an arbitrary first 
name. Subjects scrolled through each video, one at a time, until 
they had learned the names of the set of five faces to a criterion 
of 80 percent correct.

After the training session, subjects began the testing session 
that gauged their recognition of the faces. We manipulated two 
variables: face type (photograph or virtual) and face viewing 
angle (frontal, ¾ view, or profile). Figure 1 shows the six 
different conditions for a single face. The recognition test was 
a forced choice, in that subjects were forced to pick one face or 
the other as a training face. During each trial, subjects saw two 
faces. All pairs were of the same experimental condition (e.g., 
virtual profiles were paired with one another), and all pairs 
contained one face that subjects had learned prior and one new 
distracter face. The pairs were presented side by side on the 

same computer screen. Subjects were instructed to choose the 
face on which they had been trained by pressing the ‘A’ key for 
training faces that appeared on the left side of the screen and 
the ‘L’ key for training faces that appeared on the right side. The 
faces remained on the screen until subjects chose, at which time 
a new pair of faces appeared.

For each training face, subjects were tested on all six lineup 
conditions depicted in Figure 1. Consequently, there were 30 
unique trials in one block. Subjects were tested on a total of 4 
blocks (120 trials total). The order of trials within each block 
was random. Furthermore, appearance of test faces and distracter 
faces on screen-side (e.g., left vs right) was random. 

Figure 1

A sample stimulus from the study.
The top row contains photographs. The bottom 
row contains screen-shots of the virtual model.
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Results and Discussion. Figure 2 shows the means and confi-
dence intervals for each condition. We performed a series of 
statistical analyses that indicate the degree of confidence one 
can have that the differences in means between two condi-
tions were   actually different from a chance occurrence. If the 
reported ‘p’ level is less than .05, this is an acceptable standard 
that the difference is statistically significant. Both main effects 
were significant (face type: F(1,24)=17.01, p<.001; angle: 
F(2,24)= 11.89, p<.001). Subjects were slightly better overall 
with photographs than with models (88% vs 80%). Furthermore, 
there was a significant linear trend of angle, F(1,25)=24.73, 
p<.001, such that as the view moved farther from the frontal 
view, performance was worse. This effect is similar to the recog-
nition degradation seen using real human faces in experiments 
[1]. Performance was best (over 90%) in the photographic front 
view. The interaction between two independent variables was 
also significant (F(2,24)=5.19, p>.05), and was primarily driven 
by particularly poor recall in the virtual profile condition. This 
is consistent with previous research on photogrammetrically-
generated virtual heads that demonstrates the largest structural 
(i.e., anthropometric) similarity from the profile angle [8].

Future Directions

The results from the current study confirm that, although 
virtual heads promise to be quite an effective tool for person 
identification, photogrammetrically-generated heads are not yet 
as effective as photographs in facilitating recognition of persons 
seen previously. However, in the current implementation, we 
used inexpensive software and only dedicated approximately 
45 minutes to the construction of each virtual head. Given more 
expenses in terms of time and money, the quality of photogram-
metrically-generated virtual heads should improve greatly.

In future work, we plan on using immersive virtual reality 
technology to conduct lineups as done previously [9]. In those 
studies, we plan on simulating crimes in the laboratory to naive 
experimental subjects, and to then later test their recognition of 
the alleged suspect while the subjects (i.e., the identifiers) wear 
a stereoscopic head-mounted display that is capable of tracking 
their naturalistic movements [10]. Wells [11] points out a number 
of aspects in which the lineup process is currently problematic. 
We are optimistic that immersive virtual reality technology may 
provide a number of benefits to the lineup process.

For further information, please contact:
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In recent years, the analysis of deoxyribonucleic acid (DNA) 
recovered from crime scene exhibits has revolutionized forensic 
science. Indeed, profiling techniques are becoming so sensitive 
that minute samples yield enough material to point investigators 
toward suspects [1, 2].

In the 1980s, in the early days of forensic DNA applications, 
samples were collected from readily-visible areas stained by 
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