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ABSTRACT

Person recognition in real life is typically performed on dynamic whole people. Recent studies have
indicated that the body and motion may contribute to person recognition beyond the face. In the
current study, we examined the role of dynamic identity signatures—the idiosyncratic dynamic
pattern of an individual—in unfamiliar and familiarized person recognition. To familiarize
participants with the studied identities, we used an individuation training procedure and tested
person recognition before and after training. In Experiment 1, participants studied people in
motion and recognized them from dynamic or multi-static images (i.e, multiple still images
taken from the video). We found that person recognition was better when people were
recognized from dynamic than multi-static stimuli but only for familiarized people. These
findings suggest that dynamic identity signatures may be used for familiar person recognition. In
Experiment 2, we ruled out two alternative explanations by presenting multi-static images in
study and testing recognition from dynamic or multi-static stimuli: lower recognition rates from
dynamic stimuli following exposure to multi-static than dynamic stimuli indicated no evidence
for a general advantage to recognition from video; lower recognition rates from multi-static
stimuli following exposure to multi-static stimuli indicated no evidence for an advantage due to
the congruence between the study and test media. We conclude that dynamic identity
signatures may contribute to person recognition, but only of familiar people who were
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previously seen in motion.

In real life we typically recognize dynamic whole
people. Nevertheless, the majority of person recog-
nition studies have examined recognition of static
faces. Thus, the question of whether person recog-
nition relies also on the body and body motion has
so far been scarcely investigated. Early studies that
did explore person recognition from the whole
person often presented videos of people in motion
but tested recognition on static images of faces
(Bruce, Henderson, Newman, & Burton, 2001; Burton,
Wilson, Cowan, & Bruce, 1999; Davis & Valentine,
2009; Liu, Seetzen, Burton, & Chaudhuri, 2003; Pilz,
Vuong, Bilthoff, & Thornton, 2011; Roark, O'Toole,
Abdi, & Barrett, 2006; Schiff, Banka, & de Bordes
Galdi, 1986). For example, in the first study that exam-
ined recognition of whole people from videos, Burton
et al. (1999) presented subjects with videos of 20
different people in motion and asked subjects to
recognize them from static high quality images of
their faces. Results showed very poor performance
when subjects where unfamiliar with the people pre-
sented in the videos. Using the same stimuli, Liu

et al. (2003) presented high or low resolution faces
at test and revealed little advantage to recognition
from high resolution relative to low resolution faces.
Bruce et al. (2001) also examined recognition of
static images of faces following the presentation of
videos or static images taken from the videos of the
whole person and found poor recognition for unfami-
liar faces and no advantage following presentation of
people in videos relative to static images. Thus, recog-
nition of static images of unfamiliar faces does not
benefit from prior exposure to dynamic vs. static pre-
sentations of the whole person.

Later studies on whole person recognition exam-
ined whether the body and motion contribute to
person recognition beyond the face by studying rec-
ognition from the whole person in comparison to
the face alone. These studies have shown that the rela-
tive reliance on the face and body for whole person
recognition varies as a function of two important
factors: (1) whether the studied people are presented
in dynamic or static images and (2) the degree of
uncertainty in face recognition (for a review see
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Yovel and O'Toole, 2016). With respect to the role of
dynamic information, O'Toole et al. (2011) have
shown similar performance for face and whole
person recognition from static images but better rec-
ognition from the whole person than the face with
dynamic stimuli. These findings suggest that the
body contributes to person recognition beyond the
face for the dynamic but not static whole person.
Simhi and Yovel (2016) similarly revealed that the
body contributes to person recognition beyond the
face following exposure to dynamic but not static
stimuli also when performing recognition on static
images.

In addition to the availability of dynamic infor-
mation, the second factor that determines the rela-
tive reliance on the face and body in person
recognition is the degree of uncertainty in face rec-
ognition. For example, the distance between the
person and the camera has been shown to influence
whether the body is used in person recognition: in a
detailed investigation of the role of distance and
exposure in dynamic person recognition, Hahn,
O'Toole, and Phillips (2015) have shown that the
body contributes to whole person recognition
beyond the face—that is recognition was better for
the whole person than the face alone—at larger dis-
tances but not at moderate or close distances, where
recognition from the face and the whole person
were comparable. Furthermore, examination of
person recognition based on different segments
from the videos indicated that participants primarily
rely on the final image they see rather than accumu-
late information over time. Thus, when a close-up of
the face is available, information from the body is
not used at all. Another case in which uncertainty
about the identity of the face led to greater reliance
on information from the body was reported by Rice,
Phillips, Natu, An, and O'Toole (2013) who demon-
strated that, when face discrimination is difficult,
the body is used for person recognition even in
static images. Interestingly, participants were
unaware that they were using the body rather than
the face in these cases. Taken together, recognition
of the whole person is likely to rely on both the
face and the body, rather than primarily on the
face, when people are seen in motion and when
information from the face is less available.

One factor that has been suggested to mediate the
role of motion in person recognition is dynamic

identity signatures (Lander & Chuang, 2005; O'Toole &
Roark, 2010; O'Toole, Roark, & Abdi, 2002). Dynamic
identity signatures refer to idiosyncratic motion pat-
terns of each individual, that can be learned and
used in addition to any static information which may
be available. In a recent study, Simhi and Yovel
(2016) showed that dynamic identity signatures did
not contribute to whole person recognition in an unfa-
miliar person matching task: person recognition from
static images did not differ from recognition from a
video following presentation of people in motion.
These findings are consistent with Robbins and
Coltheart (2015) who also used a similar task and did
not find a difference in performance for recognition
from dynamic and static unfamiliar whole person
stimuli. Nevertheless, dynamic identity signatures
may still contribute to the recognition of familiar
people. Studies with famous faces have consistently
shown that when face recognition is difficult, recog-
nition from video is preferable to recognition from
static images (Knight & Johnston, 1997; Lander &
Bruce, 2000; Lander, Bruce, & Hill, 2001; Lander, Chris-
tie, & Bruce, 1999). Additionally, recognition of famil-
iarized moving faces has also been shown to be
preferable to recognition from static faces (Lander,
Davies, Lander, & Davies, 2007). Recently, it has also
been demonstrated that facial motion is more impor-
tant for person recognition as familiarity with a face
increases (Butcher & Lander, 2016).

With respect to the role of dynamic identity signa-
tures in familiar whole person recognition, Pilz and
Thornton (in press) showed that dynamic identity sig-
natures were used for recognition of familiarized
dynamic avatars in which facial identity was ambigu-
ous and the body was uninformative. These findings
indicate that dynamic identity signatures may be
used when other information is not available. The
advantage of motion for familiarized person recog-
nition was also shown by Robbins and Coltheart
(2015) who compared recognition of static and
dynamic familiarized people in a naming task and
found better recognition from dynamic than static
whole person stimuli. However, two possible alterna-
tive explanations may account for this finding. First,
it is possible that there is a general advantage to rec-
ognition of familiarized people from video. Such a
possibility can be tested by examining recognition
from video following exposure to multi-static
images. Another possibility is a same-media



recognition advantage, that is the study of dynamic
people and recognition of people in video produces
a recognition advantage since there is no need for
between-media generalization. To examine this, it is
necessary to test recognition of people from static
images following the study of static images. In
addition to these alternative explanations, it is impor-
tant to note that Robbins and Coltheart (2015) used a
naming task in order to assess familiarized person rec-
ognition. Several studies have shown that face recog-
niton may be dissociated from naming, as
participants may recognize previously seen individuals
even if they cannot name them (e.g., Bruce & Young,
1986; Burton, Bruce, & Johnston, 1990; Schwartz &
Yovel, 2016; Semenza, Zettin, & Borgo, 1998). Finally,
a naming task cannot be used to assess unfamiliar
person recognition and so Robbins and Coltheart
(2015) could not compare unfamiliar and familiar
person recognition using the same stimuli and
design. In the current study, we therefore examined
the possible contribution of dynamic identity signa-
tures to familiarized person recognition using an
old/new person recognition task which did not
depend on naming (Experiment 1), and addressed
the alternative explanations as well (Experiment 2).
To this end, we used a person recognition task
that can be performed before and after a familiariz-
ation procedure in order to test the extent to
which dynamic identity signatures may be used in
the recognition of familiarized identities. Further-
more, to maximize reliance on the whole person
rather than the face, we used videos of approaching
walking people that did not include the face close-
up, but ended at the point where the participant’s
feet were no longer visible (see example frames in
Figure 1). In order to familiarize participants with
the identities in the experiment, we presented par-
ticipants with an individuation training procedure
that has been shown to be effective for recognition
of faces (McGugin, Tanaka, Lebrecht, Tarr, & Gauthier,
2011; Schwartz & Yovel, 2016; Tanaka & Pierce, 2009;
Yovel et al, 2012), and examined recognition of the
studied identities using an old/new task that was
performed before and after the familiarization pro-
cedure. We designed a relatively challenging
person recognition task so the relative effect of fam-
iliarization on performance across the different con-
ditions would not be masked by a ceiling effect.
The old/new task does not require naming and
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therefore examines person recognition indepen-
dently of whether subjects may recall the person’s
name. Importantly, we assessed person recognition
from new images of the same person to ensure
that performance reflects the processing of person
identity rather than image-specific matching. To
assess whether dynamic information contributes to
familiar person recognition beyond static infor-
mation, in Experiment 1, two groups of participants
were presented with dynamic people and were
asked to recognize them before and after familiariz-
ation with the studied dynamic stimuli, from either
dynamic or static images. In order to determine if
the advantage to recognition of familiarized people
from video results from a general advantage to famil-
iarized person recognition from video or from same-
media effects, in Experiment 2 we examine person
recognition from videos and multi-static images
after study of multi-static images alone.

Experiment 1

A contribution of dynamic identity signatures to
person recognition would entail that, after studying
a person in motion, recognizing that person in

Experiment 1

Video

Video

Figure 1. Schematic presentation of the design in Experiment
1. The study stimuli presented in this figure (top row) were pre-
sented both during the study and familiarization sessions of the
experiment. The recognition stimuli (bottom row) were pre-
sented only during the recognition stage of the old/new task.
Note that study and recognition stimuli were always filmed on
different days. This example figure depicts the same identity
both in the study and test stimuli. The stimuli in this figure
and all stimuli in the experiment were taken from the Database
of Moving Faces and People (O'Toole et al., 2005).
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motion is better than recognizing them in static
images alone (see Figure 1). To test the hypothesis
that dynamic identity signatures contribute to rec-
ognition of familiar but not unfamiliar people,
we compared the difference between recognition
from dynamic or static images of people that were
studied in video before and after familiarization.

Methods

Participants

Forty participants were recruited at Tel Aviv University
to take part in this experiment. They were randomly
assigned to the two conditions: 20 participants recog-
nized people in videos and 20 recognized people from
still images (mean age=23.92 years, SD=2.05, 31
female). Participants took part in the experiment
either for course credit or payment. All participants
had normal or corrected-to-normal vision, spoke
Hebrew as a native language, and gave their informed
consent to participate in the study by signing the
appropriate consent form approved by the Tel Aviv
University ethics committee.

Stimuli

The stimuli in the experiment were adapted from the
Database of Moving Faces and People (O'Toole et al.,
2005). Thirty identities were selected (15 male), 20 of
which were used as identities to be studied (10 male)
and 10 as foil identities during the recognition phase.
Only identities with over 5 s of video available during
which the whole person was visible were included in
the experiment. Of these identities, only Caucasian sub-
jects were selected (to avoid other race effects during
person recognition) and care was taken to include
only identities of roughly similar age (early twenties
to thirties) and similar weight, height and body build.
For each of the identities in the experiment, videos
depicting the identity walking towards the observer
in a naturally lit corridor were used for stimuli creation.
For the studied identities, two such videos were used
(each of them filmed on a different occasion, up to six
months apart). One video was used for study stimulus
creation and one video was used for recognition stimu-
lus creation. It is important to note that since the study
and test videos were filmed on different occasions, con-
siderable differences in appearance between the first
and second video of each identity could occur, thus
requiring generalization in person recognition during

the task. For the foil identities, only one video was
used in order to create the stimulus displayed during
the recognition phase.

In order to create the stimuli in the experiment, the
original videos from the Database of Moving Faces
and People (O'Toole et al., 2005) were cut so that
they were all 5 s in length for the study videos and 4
s in length for the videos used for recognition. All
video segments ended at the point where the feet
of the person in the video were no longer visible
which resulted in video segments in which the final
frame in the video depicted the people in the video
at a similar distance in all cases even though the dis-
tance in the starting frame was slightly different
between the identities due to differences in the
walking pace (i.e., identities with a faster walking
pace started slightly further away than identities
with a slower walking pace in the first frame of the
video).

To create the multi-static images used for recog-
nition in the recognition from multi-static image con-
dition, one static frame was selected for each second
of the video, starting from the last frame in the
video. In cases where the person in the video was
mid-stride, the closest frame depicting the person in
a neutral pose was selected in order to minimize
implied motion cues in the still images. The selected
images were presented in a scrambled but predefined
order during the recognition phase in the experiment,
with the last frame in the video always appearing last
in the multi-static presentation as well in order to
avoid any possible recency effects. Each image was
displayed for 1 s with a 0.1 s inter-stimulus interval
between the images in order to match the amount
of information available in a video as closely as poss-
ible while avoiding apparent motion effects. See
Figure 1 for a depiction of the conditions in this
experiment.

Both videos and static images were displayed at
roughly 18.3° by 12.3° visual angle during the exper-
iment and took up 720 x 480 pixels on the screen.

Design

During the experiment, participants first performed an
old/new person recognition task on identities which
they were exposed to only once. Afterwards they
underwent an individuation training procedure to
become familiar with the identities in the experiment.
Finally, after the individuation training participants



repeated the old/new task once again to determine if
and to what extent familiarization improved person
recognition. See Figure 2 for a schematic presentation
of the experimental design.

Apparatus and procedure
The experiment was presented in MATLAB using the
Psychophysics Toolbox extensions (Brainard, 1997;
Kleiner etal., 2007; Pelli, 1997) on a Samsung SyncMaster
SA950, Full HD, LED monitor with a 1920 x 1080 screen
resolution, in front of which the participants were seated
at a comfortable distance of approximately 60 cm.
During the experiment, participants completed two
identical old/new task sessions separated by a fam-
iliarization session. The old/new task sessions included
two phases: a study phase and a recognition phase.
Study phase. During the study phase the partici-
pants viewed the videos of 20 identities consecutively,
separated by a 0.75 s fixation interval. Each identity
was presented only once in the study phase, which
was immediately followed by the recognition phase.
Recognition phase. During the recognition phase the
participants viewed 30 identities in video or multi-
static displays, depending on the experimental con-
dition, and were asked to determine whether each
identity was displayed in the study phase. The identi-
ties in this phase included 10 novel identities and the
20 identities which were viewed in the study phase,
however during the recognition phase the studied
identities were presented in stimuli which were
filmed on a different day than the stimuli in the
study phase (as detailed in the Stimuli section), thus
requiring participants to generalize between the
appearance in the study and recognition stimuli

Old/New Task Familiarization Session

Familiarization Session
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when recognizing the studied identities. After each
4 s stimulus, participants performed their old/new
judgments by pressing corresponding keys on their
keyboard. Response was followed by a blank screen
which was presented for 0.5 s followed by 1 s of a fix-
ation presentation before the next stimulus appeared.

The old/new task was repeated twice during the
experiment—before and after the familiarization.
The familiarization session included four different
tasks (similar in design to Yovel et al., 2012) in which
the participants in the experiment learned to associate
a name with each of the identities in the experiment,
as detailed below. The names in the experiment were
all four letters long and each began with a unique
letter. The familiarization session was performed first
on 10 out of the 20 identities presented in the study
phase of the old/new task and then repeated for the
remaining 10 identities (see Figure 2 for a represen-
tation of the familiarization session procedure). The
familiarization session took about an hour to
complete.

Phase 1. During this part of the familiarization
session the participants passively viewed the same
stimuli which were presented during the study
phase of the old/new task, however during the fam-
iliarization phase a name was assigned to each iden-
tity and this name was presented above the stimulus
when the identity was displayed. Each stimulus was
repeated five times during the task and participants
were asked to memorize both the identities and their
names while viewing the stimuli.

Phase 2. During this part of the familiarization
session participants viewed each of the 10 identities
in the familiarization phase once, along with the

Old/New Task

(20 unfamiliar identities) (10 identities) (10 identities) (20 familiarized identities)
r 1 1 r . . 1 r 1 1
| Phase 1 | | Phase 1 |
v ]

[z ]
— 7 —

oz ]
7 —

E Recognition Phase | I Phase 3 |

| Phase 3 | : Recognition Phase :
'

v

I Phase 4 |

| Phase 4 I

Figure 2. Schematic presentation of the experimental design. The experiment was divided into three main parts: two old/new tasks
(each including a study and recognition phase) separated by a familiarization session (the familiarization session included four phases,
as detailed in the Apparatus and procedure section, and was performed twice, each time on 10 different identities). Experimental
phases marked by borders of the same style include stimuli filmed on the same day. The old stimuli presented in the recognition
phase of the old/new task were of the same identities as those presented in the study phase, but from videos taken on a different day.
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names assigned to them. Participants were required to
press on their keyboard the first letter of the name of
each identity that was presented when viewing them.
If the correct letter was not pressed within the 5 s
during which the video was displayed then the
name remained on the screen until the correct key
press.

Phase 3. Similar to Phase 2, during the third part of
each familiarization session participants once again
were required to press the letter on the keyboard
which corresponded to the first letter of the name of
the identity that was presented to them, however in
Phase 3 the name was no longer presented on the
screen and participants had to recall it from
memory. If the wrong key was pressed, then partici-
pants were presented with the correct name on the
screen and were required to press the correct key
before the next stimulus appeared. Each stimulus
was repeated six times during this task.

Phase 4. During the final phase of the individuation
procedure participants were presented with a name
which appeared in the centre of the screen for 1 s
and was then replaced by a blank screen which
appeared for 0.5 secs, followed by a video of one of
the identities in the familiarization session. The task
in this case was to indicate using “yes” and “no” keys
whether the name which was presented matched
the identity that followed it. During this task, each
stimulus was repeated six times, and was randomly
assigned to a match or mismatch trial during each rep-
etition. Half of the trials in this task were match trials
and half were mismatched names and identities.

The general design of the experiment is depicted in
Figure 2. It is important to note that throughout the
experiment two stimuli depicting each of the familiar-
ized identities were used: one video which was used
as a study stimulus and was presented during the
old/new study phase and during the familiarization
session, and one video or multi-static image set
(depending on the experimental condition) which
was used as the recognition stimulus and was pre-
sented only twice during the experiment, in the recog-
nition phase of the old/new tasks, as can be seen in
Figure 2.

Data analysis

Because the main purpose of our study was to assess
the effect of familiarity on person recognition, our
initial analysis focused on the proportion of correct

recognition of the studied stimuli (Hits). We comple-
mented this with an analysis of false alarm (FA) rates
to evaluate the effect of motion on recognition of
new images. We also examined criterion (C) and
response times (RT) when correctly recognizing
studied identities across the different conditions (RTs
were measured from the time when the test stimulus
disappeared until the time of response). Table 1
reports the mean and standard error of the mean of
these measures as well as d Additionally, the pro-
portion of correct responses during the final familiariz-
ation phase, Phase 4, was analysed for each
experimental condition to assess that participants
indeed recognized the people following the familiariz-
ation session. Results show that the recognition level of
the familiarized people reached ceiling performance
(97-99% correct). Statistical analysis was performed
using Statistica 9.0 (StatSoft Inc).

Results and discussion

To compare recognition rates for dynamic and static
stimuli following exposure to video, before and after
familiarization, we conducted a 2 x 2 mixed ANOVA
on the proportion of hits, with test media (video vs.
multi-static images) as a between subject factor and
familiarity (unfamiliar vs. familiarized) as a within
subject factor. This analysis revealed a main effect of
test media type (F(1,38)=521, p=.03, 75 =.12), a
main effect of familiarity (F(1,38)=65.21, p=
9.07107"°, m2 = .63) and an interaction (F(1,38)=
6.72, p= .01, n? = .15).

Post-hoc Tukey HSD analysis revealed that familiar-
ization significantly improved person recognition in
both the video (p=.0002) and multi-static (p =.002)
conditions. Importantly, however, recognition from
video was better than recognition from static images
alone after familiarization (p=.006) but not before
familiarization (p=.99), indicating that there is an
advantage to recognizing people in motion only
after familiarization (see Figure 3).

We further examined performance in this task using
the proportion of FAs. The same 2 x 2 mixed ANOVA
on FA rates reveals a lower FA rate for familiarized
than unfamiliar identities (F(1,38)=24.99, p=
1.3*107°, m2 = .4). No effect of test media (F(1,38) <
1) or interaction (F(1,38) < 1) was found.

An analysis of the criterion, C, of participants in the
task revealed no main effect of test media (F(1,38) < 1),
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Table 1. The average and standard error of hits, false alarms (FA), ¢, criterion (C) and response times (RT) for correctly recognized

studied identities in Experiment 1 and Experiment 2.

Experiment 1

Experiment 2

Study Video Multi-static display
Test Video Multi-static display Video Multi-static display
Unfamiliar Familiarized Unfamiliar Familiarized Unfamiliar Familiarized Unfamiliar Familiarized
Hits .55 (.03) .82 (.02) .54 (.03) .68 (.03) 55 (.02) .73 (.02) .52 (.02) .73 (.02)
FA .25 (.04) 11 (.03) .28 (.03) .14 (.03) 38 (.04) 22 (.02) .31 (.04) .15 (.03)
d 1(.19) 2.4 (.15) .78 (.13) 1.75 (.12) 47 (14) 1.52 (.13) 64 (.16) 1.91 (.18)
C .36 (.09) .22 (.09) .27 (.08) .37 (.09) 11 (.05) .1 (.07) .26 (.06) .3 (.07)
RT .8 (.05) .77 (.06) .82 (.08) 74 (12) 87 (.08) .76 (.05) .69 (.05) .7 (.012)

familiarity (F(1,38) < 1) or interaction (F(1,38)=24,
p=.13, n% = .06).

Analysis of RTs revealed no main effect of test
media (F(1,38) < 1), familiarity (F(1,38)<1) or inter-
action (F(1,38) < 1). See Table 1 for the average pro-
portion of hits, FAs, d’, C and RTs in each condition.

Taken together these results show that for unfami-
liar people there is no advantage to recognizing a
person that was seen in motion from video as com-
pared to static images, similar to the findings in the
matching tasks in Robbins and Coltheart (2015) and
Simhi and Yovel (2016). On the other hand, recog-
nition of familiarized people that were studied in
motion is better when they are recognized from
dynamic than from multi-static images. This effect
was limited to recognition of the studied stimuli; it
was not found for correct rejection of new stimuli.

These findings suggest that people use dynamic
identity signatures in familiarized person recognition.
Nonetheless, two alternative explanations that may
account for these findings must be ruled out. First, rec-
ognition of familiarized people from video may always

DVideo mMulti-static

1-

0.9+

0.8

Hits

0.7 4

0.6

0.5+

Unfamiliar Familiarized

Figure 3. The proportion of correct recognition of studied iden-
tities (hits) in the old/new task for unfamiliar and familiarized
people in Experiment 1. Error bars indicate the standard error
of the mean.

be preferable to recognition from static images, since
videos contain more information than static images
alone. To examine this possibility, in Experiment 2
we presented subjects with multi-static images at
study and tested their recognition with videos (see
Figure 4, left). If the advantage to familiar person rec-
ognition from video is not due to the contribution of
dynamic identity signatures, we would expect recog-
nition in this condition to be comparable to recog-
nition from video after the study of videos.

A second possibility is that recognition of people
from videos after studying videos is preferable to rec-
ognition from static images because the study and

Experiment 2

Multi-static images

Multi-static images

Study:

Figure 4. Schematic presentation of the conditions in Exper-
iment 2. The study stimuli (top row) were presented both
during the study and familiarization sessions of the experiment,
and the recognition stimuli (bottom row) were presented only
during the recognition stage of the old/new task in the exper-
iment. Recognition from video after the study of multi-static
images allowed us to rule out the possibility that there is a
general advantage for person recognition from video. Recog-
nition from multi-static images after the study of multi-static
images allowed us to rule out the possibility that there is a
same-media recognition advantage.
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test stimuli are of the same media so there is no need
for between-media generalization. To test this possi-
bility, in Experiment 2 we also examined person recog-
nition from multi-static images after the study of
multi-static images (see Figure 4, right). If same-
media recognition explains the advantage to recog-
nition from video in Experiment 1, then we would
expect recognition of familiarized people to be com-
parable regardless of whether they are studied and
recognized from multi-static images or videos.

In addition to dynamic identity signatures, motion
may contribute to person recognition through form-
from-motion processes (known also as structure from
motion) (see OToole & Roark, 2010; O'Toole et al,
2002; Yovel & O'Toole, 2016). Such processes have
long been described in the context of object perception
(see Koenderink, 1986; Uliman, 1979). In the context of
faces they have been discussed as the representation
enhancement hypothesis (O'Toole et al.,, 2002), postu-
lating that for unfamiliar face recognition especially,
exposure to the face in motion may improve the rep-
resentation of that face and facilitate facial recognition
also from static images. In the context of whole person
recognition we have recently demonstrated that form-
from-motion processes can indeed contribute to
person recognition by improving the representation
of the body and thereby facilitating whole person rec-
ognition in a matching task conducted on unfamiliar
people (Simhi & Yovel, 2016). The conditions included
in Experiments 1 and 2 also allowed us to examine
the contribution of form-from-motion processes to
unfamiliar and familiarized person recognition by com-
paring recognition from multi-static images following
exposure to video or multi-static images at study.
Better recognition from multi-static images following
exposure to motion than following exposure to multi-
static images would indicate a contribution of form-
from-motion processes to person recognition.

Experiment 2
Methods

Participants

Forty participants were recruited at Tel Aviv University
to take part in this experiment, either for course credit
or payment. They were randomly assigned to one of
two conditions: after the study of multi-still images 20
participants recognized people in videos and 20

recognized people from multi-still images (mean age
=23.57 years, SD=2.31, 32 female). All participants
had normal or corrected-to-normal vision, spoke
Hebrew as a native language, and gave their informed
consent to participate in the study by signing the
appropriate consent form approved by the Tel Aviv
University ethics committee.

Stimuli

In this experiment the stimuli in the study were multi-
static images, similar to those that were used in the
test of Experiment 1 in the recognition from multi-
static image condition. In order to create these dis-
plays, four frames were extracted from the study
videos, starting from the final frame in the video, at
equally spaced intervals. During the experiment
these images were presented in a scrambled but pre-
defined order (with the final frame appearing last), for
1.25 s each with a 0.1 s interval.

Apart from this difference, the test stimuli in Exper-
iment 2 were the same videos and multi-static displays
used in Experiment 1 (see Figure 4 for a schematic
presentation of the conditions in Experiment 2) and
the design and procedure in Experiment 2 were iden-
tical to the previous experiment.

Data analysis

Data analysis in Experiment 2 was performed in the
same manner as in Experiment 1. An analysis of the
proportion of correct responses during the final fam-
iliarization phase, Phase 4, revealed that participants
reached ceiling performance (98-99%).

Results and discussion

To assess whether there is a video advantage at test
and/or a same-media effect in recognition of familiar-
ized people, we performed a one-way ANOVA on the
proportion of hits when recognizing familiarized
people, with study-test media condition (Video-
Video, Multi-static-Video, Multi-static—Multi-static) as
a between participant factor. This analysis revealed a
main effect of study-test media condition (F(1,57) =
5.15, p=.009, n} = .15). Post-hoc Tukey HSD analysis
revealed that this effect was due to better recognition
in the video-video condition than the multi-static—
video condition (p=.02), and better recognition in
the video-video condition than the multi-static—
multi-static condition (p=.02). There was no
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Figure 5. The proportion of correct recognition of studied iden-
tities (hits) when recognizing familiar people in the video-video
condition in Experiment 1 and in the conditions in Experiment
2. Error bars indicate the standard error of the mean.

difference between the multi-static-video and multi-
static—-multi-static conditions (p =.99) (see Figure 5).

The advantage to recognition from video after the
study of videos as compared to the study of multi-
static images indicates that there is no overall advan-
tage to recognition from video at test. Furthermore,
the fact that recognition from video was not prefer-
able to recognition from multi-static images alone
also when multi-static images were studied in both
cases, again indicates that the addition of dynamic
information at test does not provide a general advan-
tage in person recognition. Thus, these findings
support the hypothesis that the advantage to recog-
nition of familiarized people from video reflects the
contribution of dynamic identity signatures to recog-
nition. The finding that recognition from video after
the study of videos was better than recognition from
multi-static images after the study of multi-static
images further indicates that the advantage to recog-
nition from video in Experiment 1 did not result from
same-media effects, as similar recognition could not
be achieved from static images alone. The lack of a
difference between recognition from video and
multi-static images after the study of multi-static
images supports this conclusion as well, again
strengthening the evidence that a same-media advan-
tage cannot explain these results.

A similar analysis on FAs also revealed a main effect
of condition (F(1,57) = 3.44, p = .04, n;, = .11). Post-hoc
analysis revealed that this effect was due to signifi-
cantly higher FAs for dynamic stimuli that were
studied in multi-static images as compared to stimuli
that were studied in video (p =.03). Thus, presentation
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of a smaller amount of information at study (multi-
static images) as compared to test (videos) generated
higher FAs in this condition. There was no difference
between FAs in recognition from video and recog-
nition from multi-static images when multi-static
images were used at study (.23) indicating no
general benefit for correctly rejecting new images pre-
sented in same media. Furthermore, there was no
difference in FAs between recognition from video
and multi-static stimuli when the same media was pre-
sented at study and test (p=.61). Thus, the main
differences between these conditions were driven by
differences in the recognition of studied identities
and not the correct rejection of new identities.

An analysis of the criterion, C, of response in this
task revealed no differences between the study-test
media conditions (F(1,57)=165 p=.2, m;=.05).
Finally, no difference was found in RTs to correctly
recognizing studied identities in the task (F(1,57) <
1). Table 1 summarizes the results of Hits, FA, d’, C
and RT across the different conditions.

The conditions included in this experiment allowed
us to also assess the role of form-from-motion pro-
cesses by comparing recognition from multi-static
images after the study of videos or multi-static
stimuli. We conducted a 2 x2 mixed ANOVA on the
proportion of hits, with study media (video vs. multi-
static images) as a between subject factor and famili-
arity (unfamiliar vs. familiarized) as a within subject
factor in order to assess the possible contribution of
form-from-motion processes to person recognition.
This analysis revealed a main effect of familiarity (F
(1,38)=53.97, p=84*10"°, n2 =.59), but no main
effect of study media (F(1,38) < 1) or interaction (F
(1,38)=261, p=.11, m2=.06). These findings
suggest that recognition from static images was not
better after studying dynamic than static people in
both unfamiliar and familiarized person recognition.

An analysis of FAs revealed a main effect of famili-
arity (F(1,38)=23.88, p=1.9*10"", n? =.39), but no
main effect of study media (F(1,38) < 1) or interaction
(F(1,38) < 1). An analysis of criterion revealed no
main effects of familiarity (F(1,38)=1.08, p=.3,
nf, = .03), study media (F(1,38) < 1) or interaction (F
(1,38) < 1). Finally, an analysis of RTs also revealed no
main effects of familiarity (F(1,38) < 1), study media
(F(1,38) < 1) or interaction (F(1,38) < 1). These findings
indicate that form-from-motion processes did not con-
tribute to wunfamiliar and familiarized person
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recognition. We discuss these findings in light of pre-
vious studies that did reveal the contribution of
form-from-motion processes to unfamiliar person rec-
ognition in a sequential matching task (Simhi & Yovel,
2016) in the General discussion.

Finally, we included all conditions presented in
Experiments 1 and 2 in a 2 x 4 mixed ANOVA with fam-
iliarity (unfamiliar vs. familiarized) as a within subject
factor and condition (Video-Video, Video—Multi-static,
Multi-static-Video and Multi-static-Multi-static) as a
between subject factor with hit rate as the dependent
measure. This analysis revealed a main effect of famili-
arity (F(1,76) =151.29, p < 107'°, m2 = .67) and an inter-
action between familiarity and condition (F(1,76) = 2.82,
p=.04, 7;;2) =.1). A separate analysis of hits before and
after familiarization showed a significant difference in
performance across the four conditions after familiar-
ization (F(1,76)=6.06, p=.0009, > =.19) but not
before familiarization (F(1,76) < 1). These effects are
consistent with the results reported above, showing
better recognition of familiarized but not unfamiliar
dynamic people following exposure to dynamic than
static images.

General discussion

The goal of this study was to assess the role of motion
in unfamiliar and familiarized person recognition. We
found that, after studying people in motion, recog-
nition was better when people were presented in
dynamic than in multi-static images indicating that
dynamic identity signatures contribute to familiar
person recognition. This benefit of recognizing
people in motion was found for familiarized people,
but not for unfamiliar people. Notably, we ruled out
two alternative explanations for these findings. First,
we demonstrated that the benefit of recognizing
dynamic people was not due to a general advantage
of recognition of familiarized people from motion, as
the recognition rate of people from motion was
lower when they were studied from multi-static
images as compared to when they were studied
from dynamic stimuli. Second, we demonstrated that
the advantage to video recognition did not result
from a same-media recognition advantage as studying
and recognizing people in multi-static images did
not improve person recognition at a similar rate as
when people were studied and recognized in video,
again indicating that the advantage to recognition

of dynamic people resulted from the use of the
unique motion cues in the video itself.

While previous studies have demonstrated that
dynamic identity signatures do not contribute to unfa-
miliar person recognition (Robbins & Coltheart, 2015;
Simhi & Yovel, 2016), to our knowledge this is the
first study that examined unfamiliar and familiarized
whole person recognition within the same design.
Our study therefore provides compelling evidence
that dynamic identity signatures are studied over
time and contribute to whole person recognition
when we are familiar with the person being recog-
nized (see OToole & Roark, 2010; OToole et al,
2002; Yovel & O'Toole, 2016).

It is important to note that additional factors,
other than familiarity, may also influence whether
dynamic identity signatures are used in person rec-
ognition. One such factor is the quality of the infor-
mation being presented. Studies with dynamic faces
show that the contribution of motion to familiar
person recognition is usually found for degraded
videos (e.g., Butcher & Lander, 2016; Knight & John-
ston, 1997; Lander & Bruce, 2000; Lander et al., 1999,
2001). In the context of the whole person, it has
recently been shown that when familiarized avatars
with ambiguous facial identity and uninformative
bodies are presented then dynamic identity signa-
tures are used for person recognition (Pilz & Thorn-
ton, in press). Finally, studies with point light
displays (see Johansson, 1973) also indicate that par-
ticipants can recognize familiar people based on
their body movement pattern (e.g., Cutting &
Kozlowski, 1977; Hill & Pollick, 2000; Jacobs, Pinto,
& Shiffrar, 2004; Loula, Prasad, Harber, & Shiffrar,
2005; Troje, Westhoff, & Lavrov, 2005) using the
point light information alone. Taken together, these
studies suggest that dynamic identity signatures
may be used for recognition especially under impo-
verished conditions when information from other
cues such as the face is less available. For example,
recognition of people in low illuminations or for
people with low vision is more likely to depend on
general movement patterns rather than when high
resolution face and body information is available. It
should also be noted that recognition of people
from point light displays was better from videos of
jumping and dancing rather than for walking
stimuli (Loula et al, 2005). Such movements are
less common in real life but are more variable in



terms of the dynamic information they convey and
therefore are more likely to convey clear dynamic
identity signatures that may provide a greater
motion advantage in person recognition.

Notably, dynamic identity signatures (O'Toole &
Roark, 2010; O'Toole et al., 2002) are not the only poss-
ible way through which motion can contribute to
person recognition. Dynamic mental representations
(Freyd, 1987) outline the importance of motion even
in the perception of static images which contain
implicit dynamic information. Form-from-motion, or
structure from motion processes, may also contribute
to person recognition of previously seen people in
motion. Indeed, we have recently shown that recog-
nition of unfamiliar people from static images in a
sequential matching task was better following
exposure to dynamic than static images (Simhi &
Yovel, 2016). This advantage was not found in the
current study before familiarization. There are several
possible explanations that may account for this incon-
sistency. First, person recognition before familiariz-
ation was relatively low, and therefore it is possible
that the task was too difficult to reveal a benefit of
motion. Second, the benefit of motion may not
emerge in an old-new task, in which the delay
between the presentation of study and test images
is much longer. It is important to note that the same
explanations may not apply to the lack of benefit
from dynamic identity signatures for unfamiliar
person recognition, as this finding is consistent with
previous studies which used a sequential matching
task (Robbins & Coltheart, 2015; Simhi & Yovel, 2016)
and vyielded a relatively high performance level.
While Simhi and Yovel (2016) did reveal a benefit of
form-from-motion processes to person recognition,
no contribution of dynamic identity signatures in unfa-
miliar person recognition was found in either Simhi
and Yovel (2016) or Robbins and Coltheart (2015).
Future studies may further examine the conditions
required to reveal a benefit of form-from-motion
processes in person recognition.

To familiarize subjects with the stimuli, we applied
an individuation training procedure that has been
shown to be effective in previous experiments using
face tasks in generating an invariant representation
that supports recognition of faces from different
views or lightings that were not presented during
the study phase (McGugin et al., 2011; Schwartz &
Yovel, 2016; Tanaka & Pierce, 2009; Yovel et al,
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2012). Here we applied this training to a relatively
challenging whole person recognition task that was
created by selecting stimuli depicting identities that
were within the same age range and had relatively
similar weight and height and yielded relatively low
recognition rates before familiarization. Interestingly,
following individuation training in which each of the
20 identities that were presented in the study was
associated with a different name, recognition of the
studied identities increased by 20-35%. It should be
noted that the familiarization included no more than
20 repetitions of each of the different identities
across the four phases of the training. Thus, the
results of our study also reveal that relatively limited
exposure to each person in which each identity is
associated with a name had a significant effect on rec-
ognition of these people from new stimuli that were
significantly different from those that were studied
and were hardly recognized before training.

Our findings may also have implications for suspect
recognition, which often involves matching closed
circuit television videos (CCTV) or eyewitness
memory for real-life crime scenes to static images of
suspects. For unfamiliar person recognition, our data
and the findings of Robbins and Coltheart (2015)
and Simhi and Yovel (2016) suggest that, after
exposure to a person in motion, recognition from
dynamic or static displays can be equally effective. In
regards to familiar person recognition, the preferable
media may depend on previous exposure. To give
an example, if a jury is exposed to many repetitions
of a documented crime during a trial, these results
suggest that if the crime was documented in video
they may be more accurate in determining if a
suspect was present at the crime scene when doing
so from a video, where dynamic identity signatures
may assist them in determining the suspect’s identity;
if only photographs exist from the crime scene
however then recognition from static images and
videos may be equally accurate. Given that we are
usually exposed to the dynamic whole person, in
real life situations recognition of familiar people
from video may usually be preferable to recognition
from static images.

In summary, our findings show that dynamic iden-
tity signatures are used in familiar whole person rec-
ognition, and these idiosyncratic motion cues are
most likely studied over time. Furthermore, we show
that relatively short individuation training with
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dynamic and static images of the whole person can
significantly improve person recognition in challen-
ging person recognition tasks. The dynamic whole
person is now only beginning to be studied, and the
factors which influence how motion effects person
perception should continue to be explored.
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