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Abstract Human action perception is so powerful that people
can identify movement efficiently in the absence of pictorial
information, such as in point-light displays. Interest is grow-
ing in this type of stimulus for research in neuroscience. This
interest stems from the advantage of separating the component
of pure human action kinematics from other pictorial informa-
tion, such as facial expression and muscle contraction.
Although several groups have previously developed datasets
of human point-light actions, due to the lack of datasets com-
posed of daily actions with short durations, we developed 20
biological and 40 control (scrambled) point-light movements
by using the technique of recording people wearing reflector
patches. The videos are about 1 s long. Subsequently, we
performed a judgment task in which 100 participants (50 male
and 50 female) evaluated each video according to three cate-
gories: human action resemblance, performed action, and gen-
der of actor. We present the mean scores of each evaluation for
each video, and further propose a selection of the most suit-
able videos to be used as human point-light action displays
and scrambled point-light displays for control. Finally, we

discuss our findings on the gender attributions of the point-
light displays.
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Humans can recognize conspecific movements with high ac-
curacy. This skill is important to comprehend the intentions of
others in order to develop proper responses and social behav-
ior toward them (Buccino, Binkofski, & Riggio, 2004).
Action perception is so powerful that human movement iden-
tification is efficient even in the absence of pictorial informa-
tion, such as contour, texture, and facial expression.

The first work identifying such efficiency dates to 1973,
when Johansson developed point-light video displays of peo-
ple performing movements (Johansson, 1973). The study,
which focused on the visual perception of motion patterns,
introduced point-light action stimuli developed by filming ac-
tors performing movements while dressed in dark suits with
small light-reflecting patches attached to the joints. Several
years later, Cutting (1978) created an algorithm that allowed
the creation of synthetic point-light walkers in lateral view.
Other groups adapted this algorithm to explore different as-
pects, such as visual presentation angles (e.g., adapting it to
nonlateral orientations; Brand & Hertzmann, 2000; Hodgins,
Wooten, Brogan, & O’Brien, 1995; Li, Wang, & Shum, 2002;
Liu & Popović, 2002; Verfaillie, De Troy, & Van Rensbergen,
1994).

The growing interest in these types of stimuli relies on the
advantage of separating the component of pure human action
kinematics from other pictorial information, such as facial
expression and muscle contraction. Thus, partial or full-body
point-light actions have been used extensively in behavioral
studies concerning vision, kinematics, multisensory
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integration, motor perception, and motor learning (Calvo-
Merino, Ehrenberg, Leung, & Haggard, 2010; Elsner, Falck-
Ytter, & Gredebäck, 2012; Graf et al., 2007; Hodges, Hayes,
Breslin, & Williams, 2005; Petrini, Holt, & Pollick, 2010;
Springer, Brandstadter, & Prinz, 2013; Stadler, Springer,
Parkinson, & Prinz, 2012; Thomas & Shiffrar, 2010).
Furthermore, they have been applied to investigate the brain
processing underlying the visual and motor properties of ac-
tions, by means of functional magnetic resonance imaging
(Beauchamp, Lee, Haxby, & Martin, 2003; Grossman et al.,
2000; Saygin, Wilson, Hagler, Bates, & Sereno, 2004), elec-
troencephalography (Hirai, Watanabe, Honda, & Kakigi,
2009; Krakowski et al., 2011; Ulloa & Pineda, 2007), and
transcranial magnetic stimulation (Grossman, Battelli, &
Pascual-Leone, 2005; van Kemenade, Muggleton, Walsh, &
Saygin, 2012).

Because these are valuable stimuli for studying visual and
motor processes, and considering creation and validation of
such videos are time consuming and complex, databases are
useful. Therefore, three different groups of researchers devel-
oped databases of point-light stimuli: Thomas Shipley and
Jonathan Brumberg (Vision Lab at Temple University and
the Department of Cognitive and Neural Systems at Boston
University) created 79 video stimuli comprising both animal
and human movements by using a markerless technique (un-
published work; database available at http://astro.temple.
edu/~tshipley/mocap/MarkerlessMoCap.pdf). Frank
Pol l i ck ’s group (Bio logica l Mot ion and Act ion
Understanding Laboratory at the University of Glasgow)
created 4,080 human point-light videos using the classical
markers technique (Ma, Paterson, & Pollick, 2006). Vanrie
and Verfaillie (2006; Laboratory for Experimental
Psychology at Catholic University of Leuven) created a set
of 22 synthetic human point-light actions using an algorithm
that allowed for both 2-D and 3-D presentations, as well as
velocity and visual angle manipulation. Hence, the first two
databases were created on the basis of actual human motion
using two different techniques, whereas the last was devel-
oped using a synthetic algorithmic approach.

Nevertheless, when we decided to perform research using
point-light motion, we could not find a set of videos suitable
for our purposes. Those we found were either too long or too
few, or featured unnatural resemblances to human movement,
and combining stimuli from different databases is an uncon-
ventional and undesirable option. Our main concern with the
available stimulus sets was the lack of standardized short
videos depicting one cycle of movement and a further small
sample of different actions depicting natural models in natural
velocity. Pollick’s movement database, although composed of
numerous videos, actually consists of a small set of actions
(walking, knocking, lifting, and throwing) recorded by 30
different actors and charged with different emotional states
(neutral, angry, happy, and sad). In addition, they are too long

(the video clips are 30 s long) for certain research purposes.
E xp e r imen t s w i t h e l e c t r o e n c e ph a l o g r am and
neuromodulatory techniques use short stimuli during the eval-
uation of brain processes with high temporal resolution and
when testing the possibility of modulating stimuli perception.

Moreover, to collect an adequate amount of data, such tests
require repetition of the same category of stimuli. Thus, a
corpus with action variability is desirable. Although it is inter-
esting for studying the sources of variability within a specific
action (e.g., individual and emotional aspects of actions),
Pollick’s set does not provide action variety. A variety of ac-
tions offers a different advantage: It is suitable for visual and
motion perception experiments in which repetition of the ex-
act same movement is not applicable. In addition, for further
control, we believed our set should have a validated high rate
of correct action identification when presented for the desired
length. Finally, none of the databases has a set of control
stimuli built with the same technique as the biological motion
ones. Therefore, we decided to record our own set of point-
light walkers and release the videos after proper evaluation.

We opted for the classical Johansson (1973) technique—
that is, real human recordings with the use of markers. This
decision stemmed from the disadvantages attached to other
techniques. Shipley’s markerless technique is labor-intensive
and results in poor precision of joint localization; thus, the
actions are less natural and precise. With respect to synthetic
actions created with algorithms, although computer graphics
attempt to incorporate dynamic properties and physical
models, they do not accurately simulate the complexity of
natural human motion (Runeson, 1994). In contrast, video
recordings with reflective patches preserve the richness and
complexity of real-life animated kinematics (see Dekeyser,
Verfaillie, & Vanrie, 2002, for a review of techniques).

Therefore, considering standardized stimulus sets are valu-
able research tools for accessing normative data, we aimed to
contribute to the diversity of available point-light stimuli cre-
ated with reflexive patches. Furthermore, we created a set of
scrambled point-light movements, often used as control stim-
uli in action observation experiments (e.g., Krakowski et al.,
2011; Ulloa & Pineda, 2007; van Kemenade, Muggleton,
Walsh, & Saygin, 2012), using the patch marker technique.

It is noteworthy that the gender recognition of point-lighter
figures is a matter of debate. Some studies show correct gen-
der recognition, but in others gender attribution is random.
Two proposed theories have attempted to uncover how ob-
servers judge gender in pictorial-free stimuli. One theory ar-
gues that the centers of moment (the ratio of the shoulder
width to the sum of the hip and shoulder widths) of males
and females differ, and so can indicate gender (Cutting,
1978). In contrast, the other theory favors motion hints pro-
moted by differences in the lateral sway of the hips and shoul-
ders (Mather & Murdoch, 1994). A meta-analysis performed
by Pollick, Kay, Heim, and Stringer (2005) showed that the
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level of performance expected is around 66%. Furthermore,
the conditions of stimulus presentation (such as the view an-
gle) and the natural variability of human shape and move-
ments influence gender cues and their use by observers.
Importantly, both gender theories are based on synthetic dis-
plays of walking movements.

Moreover, previous research has shown stimulus-gender
effects on stimulus perception, specifically (1) point-light gen-
der interference with perceived in-depth orientation—that is,
the so-called gender-facing bias, showing that male point-
lighters are more associated with movements toward and fe-
male point-lighters with motion away from the observer (see
Schouten, Troje, Brooks, van der Zwan, & Verfaillie, 2010;
Schouten, Troje, & Verfaillie, 2011)—and (2) a correlation
between stimulus gender and observer sex in the perceived
orientation (Schouten et al., 2013). This introduces the possi-
bility that other features could be perceived differently accord-
ing to gender. Hence, although the role of hip markers in
gender identification needs further research to be clarified,
we attempted to minimize gender cues by positioning the
hip patch on the center of the pelvis instead of on the pelvic
bones. This change allowed us to minimize gender bias (i.e.,
variations in perceptions of movement due to gender-related
features) and use real performers instead of algorithms that
produce an androgynous display. Considering this is a new
dataset being tested and all additional information can be help-
ful when researchers are searching for suitable stimuli for
specific research, gender attribution is interesting additional
information. Thus, we provided this during the validation of
our set.

Finally, visual and motor expertise effects have been exten-
sively demonstrated for complex actions such as ballet
(Calvo-Merino et al., 2010; Calvo-Merino, Glaser, Grèzes,
Passingham, & Haggard, 2005; Calvo-Merino, Grèzes,
Glaser, Passingham, & Haggard, 2006), capoeira (Calvo-
Merino et al., 2005), basketball (Proverbio, Crotti, Manfredi,
Adorni, & Zani, 2012), and gymnastics (Babiloni et al., 2009).
Specifically, expertise affects accuracy in movement judg-
ments, which are processed differently even by the brains of
experts and nonexperts. Therefore, we sought to build diverse
and mainly simple actions identifiable by the majority of the
population to eliminate or at least dilute this possible effect for
following experiments.

Our main goal was to create a point-light video dataset
optimized for high-resolution brain research. This often re-
quires relatively short stimulus presentation time and a clear
contrast between successful action perception and the lack of
it. Therefore, an experimental set of action stimuli and a con-
trol set of scrambled moving points were created. Scrambled
point-lights are the most common control stimuli for point-
light walkers because of its similarity to motion and visual
features, with only the biological element (i.e., the human
shape) eliminated. The disruption of the coherent percept of

a moving human body allow us to separate the physiological
measures specifically related to human motion and those re-
lated to motion in general. For consistency, the two sets were
created using the same recording and editing methods and
tools. Furthermore, we aimed to ensure that the biological
and scrambled stimuli would correctly fulfill their pur-
poses—that is, that the first set would be highly identifiable
as human actions with no identification of actor gender, and
that the latter should not resemble human actions. We
achieved our overall goals in two steps: we (1) created a
dataset of ~1,000-ms-long experimental (biological) and con-
trol (scrambled) point-light displays using the reflective-
markers technique, and (2) tested the validity of these sets
on human participants.

Method

Stimulus development

To eliminate, or at least dilute, the effect of expertise men-
tioned above, we selectedmostly everyday actions identifiable
by the majority of the population, such as walking and
pointing, or actions that although not performed daily are
commonly executed and/or observed. Thus, we planned a
set of 20 movements, recorded in frontal view using a male
and a female actor, resulting in the 40 movements referred to
in Table 3 below.

To produce the selected movements, Caucasian amateur
athletes enrolled in the physical education course—one male
and one female—were invited and accepted to participate vol-
untarily in performing the movements. The two volunteers
were dressed in black suits, and 12 spheres (3 cm in diameter)
coated in light-reflecting material were attached to each suit.
For biological movement production, we attached the spheres
at the main joints (ankles, knees, wrists, elbows, and shoul-
ders) and on the forehead and center of the pelvis. For scram-
bled movement, we distributed the spheres along the volun-
teers’ bodies avoiding major joints and visually inspected the
shapes formed during movement to avoid resemblance to hu-
man shape.

The recording of 40 biological and 40 scrambled point-
light movements took place at the Tamboré Unit of
Mackenzie Presbyterian University in a specially prepared
dark room (black walls and floor, and light-shielded) in the
Laboratory of Movement Science, always supervised by a
physical educator (second author) and the first author of the
present study. The volunteers were positioned one at a time at
a mark on the floor and instructed individually about each of
the movements to be performed. A metronome sound was set
in the room to guide the velocity and rhythm of actions. For
movements that required body displacement, such as walking,
the recording was not stationary. In this first case, athletes
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were instructed to walk toward the camera. We aimed to re-
cord each movement three times for posterior selection; thus,
each performer carried out eachmovement at least three times,
and when the supervisors considered one of the performed
movements inadequate, the supervisors asked the performers
to repeat it until a satisfactory performance was captured. The
movements were recorded using a JVC video camera (GR-
D290u) mounted on a tripod.

Following this step, three judges (namely the first and sec-
ond authors and a third physical education student who was
unaware of the purpose of the experiment) separately watched
all recordings and chose the recorded movements that best
represented the proposed actions. All judges performed this
process twice, with an interval of at least one week between
sessions. From these visual analyses, we obtained six judg-
ments. Then, by calculating the percentage of times each vid-
eo was chosen, we selected those with the highest concor-
dance between judges to compose our set. The mean percent-
age of votes for the clips chosen to represent each action was
73.33%.

We edited the selected stimuli using the video editor soft-
ware VegasPro. The editing consisted of erasing any undesired
reflections that appeared in the films (e.g., the floor marker
and the wall marker that identified the movements by num-
ber). Furthermore, we cut the videos into one cycle of action to
keep it within a length of 900 to 1,300 ms.We did this because
some actions are cyclic and thus repeated several times during
one execution (e.g., Bjumping jack^ and Bjumping rope^). The
time window range of 900 to 1,300 ms was the minimum time
we found to represent one complete cycle of each action at
natural speed. During the editing, two movements, lateral
stretching to the left and to the right, were eliminated due to
the impossibility of presenting them in less than 2 s, which
made them unsuitable for our set. We similarly edited the
scrambled videos, althoughwe excluded none. It is impossible
to set the endpoint of a nonaction; hence, the scrambled videos
were cut into a time window range of 900 to 1,100 ms in order
to add some length variability in this category, as it is the case
for biological videos.

As we mentioned above, we excluded two biological
movements because we could not depict a complete cycle in
the stipulated time. Thus, we submitted to validation the re-
maining 18 biological movements. A male and a female per-
formed the movements, resulting in a set of 36 biological
movements. Concerning the scrambled movements, a male
and a female actor each performed 20 movements, resulting
in 40 different scrambled point-light movements.

Stimulus selection task

The task consisted of watching two blocks of videos. One
block contained only the biological movements (BM), and
the other block contained only the scrambled movements
(SM). We adopted this strategy to avoid participant bias. A
pilot study with ten participants revealed that random presen-
tation of BM and SM in the same block results in a constant
comparison of two distinct categories of stimuli resulting in a
ceiling effect. All BM received a rating of 5, and all SM
received a rating of 1 from nine of the ten participants. One
participant distributed a few 4 ratings for the BMs. The clear
difference made biological identification obvious, and we
aimed to find the most representative biological and control
actions within each category.

Half of the participants (25 male and 25 female) watched the
BM block first and then the SM block, and the other half
watched the blocks the other way around. Furthermore, the order
of the BM and SM videos was random inside their respective
blocks. Participants were required to be attentive while watching
the videos. Following each video, the participants were asked to
answer three questions presented on separate screens, in the
following order: (1) ^How much did the observed movement
resemble a human action?^ (5-point Likert scale with 1 being
nothing alike and 5 being very much alike), (2) ^What was the
action performed?,^ and (3) ^Was it possible to identify the
gender of the actor? If yes, please state the gender.^We request-
ed that participants provide verbal responses and all response
times were unlimited (please see Fig. 1).

Fig. 1 Experimental design. Before the beginning of each block, a task
instruction was presented on the screen. Next, a screen informed
participants to pay attention and that each video had a mean duration of
1 s. When participants felt they were ready and pressed a button, the trials
were presented according to the following structure: fixation cross, (A)
video stimuli of ~1,000 ms, and judging screens—namely, Likert scales

for the questions (B) BHowmuch did the observed movement resemble a
human action?,^ (C) BWhat was the action performed?,^ and (D) BWas it
possible to identify the gender of the actor? If yes, please state the
gender.^ The judgment screens had no time limits, and the
researcher advanced to the next screen after obtaining the
participant’s verbal response
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Statistical analyses

Initially, we performed statistical analyses to evaluate
possible judgment differences according to the sex
(group) of the participants. Specifically, we compared
male and female gender attributions for each movement
according to group and actor gender (for SM and BM).
For the SM video set, we performed repeated measures
analysis of variance (ANOVA) for the percentage of
null, female, and male attributions considering Group
as between-subjects factor. For BM we performed an-
other repeated measures ANOVA comparing percentage
of correct, incorrect, and null attributions for male or
female actors, considering Group as between-subjects
factor.

Furthermore, we tested for possible group differences
while attributing a score for human action resemblance.
Therefore, we performed univariate ANOVA for the
mean score of each SM considering Group as a factor.
For BM movements, we performed two repeated mea-
sures ANOVAs, for mean scores and for correct action
attributions of each BM, considering Actor and Group
as a within- and a between-subjects factor, respectively.
For all analyses, we adopted α = 5%. Since all biolog-
ical and scrambled videos received high and low scores,
respectively, for the judgments of human resemblance,
the biological stimuli were flagged as being highly iden-
tifiable when the action was correctly identified at a rate
of 60% in each group. In turn, the scrambled stimuli
were flagged as being appropriate when they received
action attributions from less than 50% of each group.
Such cutoffs were applied in order to avoid attributions
made by chance.

Finally, because we found differences for gender at-
tributions and movement resemblances according to the
groups and actors performing the actions, we opted to
describe the ratings of movement resemblance and gen-
der attribution to each video in each set separated by
groups.

Results

Participants

Fifty male (five left-handed; mean age = 26.66 ± 4.60) and
50 female (nine left-handed; mean age = 23.2 ± 5.04) grad-
uate or undergraduate students participated in the study. In
an attempt to have generalizable results, we invited partic-
ipants from diverse areas of knowledge—namely business,
biology, law, economy, engineering, physiotherapy, pho-
tography, massotherapy, psychology, pedagogy, advertis-
ing, occupational therapy, video and audio editing,

marketing, and public relations, as well as from flight com-
missioner, host, and security training.

Table 1 Means and standard deviations of the scores attributed for the
similarity of the scrambled point-lights to human actions, along with
percentages of action attributions (%AA)

Video M Mean ± SD F Mean ± SD M %AA F %AA

S1 2.66 ± 1.32 2.52 ± 1.23 60 64

S2 2.66 ± 1.17 2.58 ± 1.18 72 76

S3 2.02 ± 1.04 2.12 ± 1.30 46 50

S4 2.28 ± 1.29 1.70 ± 1.09 60 36

S5 1.92 ± 1.14 1.66 ± 1.02 50 28

S6 2.10 ± 1.25 2.14 ± 1.26 50 56

*S7 1.98 ± 1.19 1.54 ± 1.01 40 24

S8 2.22± 1.18 1.88 ± 1.06 52 44

S9 2.44 ± 1.26 2.44 ± 1.42 60 48

S10 2.76 ± 1.42 2.68 ± 1.57 58 56

*S11 1.94 ± 1.25 1.68 ± 1.10 30 26

*S12 2.26 ± 1.24 2.06 ± 1.17 48 48

*S13 1.84 ± 1.12 1.66 ± 1.12 30 26

S14 2.34 ± 1.47 2.54 ± 1.30 54 70

S15 3.02 ± 1.17 2.74 ± 1.32 76 68

*S16 1.96 ± 1.00 1.84 ± 1.02 50 42

S17 2.90 ± 1.28 2.66 ± 1.21 78 76

S18 2.28 ± 1.36 2.06 ± 1.32 54 44

*S19 2.02 ± 1.25 1.78 ± 1.17 44 36

S20 2.54 ± 1.43 2.28 ± 1.25 62 58

S21 2.40 ± 1.26 2.45 ± 1.28 56 62

S22 2.38 ± 1.18 2.28 ± 1.26 52 48

S23 2.24 ± 1.24 1.82 ± 1.08 58 42

*S24 2.06 ± 1.15 1.66 ± 1.04 42 30

S25 2.32 ± 1.39 2.12 ± 1.26 56 48

S26 2.24 ± 1.33 1.76 ± 1.08 54 42

S27 2.96 ± 1.35 2.36 ± 1.41 74 54

*S28 2.02 ± 1.32 1.96 ± 1.16 44 38

S29 2.62 ± 1.07 2.71 ± 1.29 76 68

S30 2.54 ± 1.27 2.86 ± 1.48 68 58

S31 2.40 ± 1.32 2.16 ± 1.35 58 42

S32 2.32 ± 1.28 2.48 ± 1.43 54 56

*S33 1.50 ± 0.81 1.32 ± 0.65 22 18

S34 3.32 ± 1.27 2.78 ± 1.28 84 72

*S35 1.98 ± 1.17 2.04 ± 1.14 40 48

*S36 2.10 ± 1.23 1.54 ± 0.97 42 22

*S37 1.92 ± 1.23 1.86 ± 1.11 40 42

S38 2.78 ± 1.49 2.38 ± 1.23 66 66

*S39 1.62 ± 1.07 1.46 ± 0.95 18 20

*S40 1.94 ± 1.24 1.56 ± 1.03 34 24

The analyses were done separately for male rates (M) and female rates
(F). *Stimuli with AA < 50%.
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Descriptive analyses and selection of the SM and BM
videos

For the SM, we calculated the means and standard deviations of
the rates given by each group, female (F) andmale (M), to the first

question—that is, BHow much did the observed movement re-
semble a human action?^ We then calculated the percentages of
action attribution to eachmovement according to group (Table 1).

To select the SM suitable for composing a control dataset in
subsequent procedures—that is, those that resembled human

Table 2 Percentages of female and male gender attributions to scrambled point-lights by each group

Video F% null F% male F% female M% null M% male M% female

S1 74 8 10 66 18 10

S2 70 16 6 60 24 8

S3 70 2 22 70 4 16

S4 82 6 10 58 12 26

S5 90 4 6 72 12 12

S6 76 16 2 64 32 0

S7 88 6 2 70 12 10

S8 80 12 2 70 20 2

S9 72 14 8 64 20 8

S10 66 10 16 64 14 16

S11 86 8 6 82 8 4

S12 80 2 10 70 14 10

S13 90 4 6 84 10 2

S14 68 4 16 68 20 8

S15 62 22 6 48 34 12

S16 80 12 6 74 8 8

S17 66 16 14 62 22 10

S18 84 10 2 72 12 12

S19 82 8 6 68 4 20

S20 68 16 8 72 10 14

S21 70 18 6 68 22 6

S22 72 12 8 64 24 4

S23 84 4 6 70 12 14

S24 86 6 4 76 14 6

S25 68 8 18 72 12 14

S26 82 4 8 76 10 8

S27 72 16 6 56 28 8

S28 86 12 0 68 24 0

S29 70 20 2 56 26 6

S30 70 22 4 60 30 4

S31 80 8 4 68 24 6

S32 74 10 8 76 18 2

S33 92 0 6 88 0 8

S34 68 12 10 52 26 12

S35 74 12 8 78 14 4

S36 82 12 2 74 16 6

S37 80 8 6 78 12 6

S38 72 14 8 62 32 2

S39 88 2 4 84 6 4

S40 86 6 2 78 12 4

Total 77.25 10.05 7.1 69.05 16.8 8.3

F, female participants; M, male participants; null, not possible to attribute gender
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actions less closely—we adopted as our main criterion per-
centages of action attribution lower than 50% for both groups
(M and F). All scrambled stimuli received low and similar
rates for human resemblance. Thus, we opted to select those
that could be less associated or compared with a describable
movement. The chosen stimuli are indicated with asterisks in
Table 1.

From our SM analyses, one may observe in Table 1 that all
videos received low ratings on resemblance to human actions,
ranging in mean values from 1.32 to 3.32. Furthermore, we
could identify 14 videos with low ratings shown to be impos-
sible to attribute to actions bymore than 50% of both the F and
M groups (please see Table 5 in the supplementary material).
Concerning gender attributions, Table 2 indicates that gender
was judged to be null in 77% of the trials performed by fe-
males, and in 69% of the trials performed by males.

For the BM, we also calculated the means and standard
deviations of the rates given by each group (F and M) to the
first question. We calculated the percentages of correct action
attributions—that is, when the perceived action corresponded
to the actual action performed in the recording. The actions
were always classified in accordance with the equivalent
translation in the list from Portuguese. However, some words
also have close synonyms in Portuguese: For example,
Bwalk^ is equally represented by andar and caminhar. In such
cases, we computed close synonyms as being correct. Except
for the movement of throwing performed by the female (F-
throw), more than 50% of the participants identified all BM
stimuli correctly. Furthermore, for the BM set we were also
interested in gender attributions. To address this matter, we
calculated the percentages of correct, incorrect, and
nonidentifiable gender attributions.

From our BM analyses (see Table 3), we found that the
videos received correct action attributions from more than
60% of the participants in both groups, except for the move-
ments Bthrow,^ Bpoint,^ and Bforehand.^ Thus, we could
identify 15 videos with high ratings ofmovement resemblance
and correct action accuracy (please see Table 6 in the
supplementary material). Among the gender attributions we
found inconsistencies—that is, variations according to the
gender of the executor, gender of the participant, and the per-
formed action—depicted in Table 4.

Discussion and conclusions

We built and evaluated a set of short videos of point-light
biological and nonbiological movements. As we demonstrat-
ed, people correctly, at a rate above chance, identified the
human figures and the biological actions performed in the
absence of pictorial information, even when only briefly ex-
posed to the stimuli. Three action types from the BM catego-
ry—^throw,^ Bforehand,^ and Bpoint^—were the only types

recognized less than 70% of the time. The other 15 actions
were identified with high accuracy when performed by a male
and by a female athlete.

All stimuli presented here seem valid for conducting exper-
iments with action perception. However, for subsequent ex-
periments, the choice to include the stimuli with lower rates
should align with the specific requirements of each

Table 3 Means and standard deviations of the scores attributed for the
similarity of the point-lights to human actions, along with percentages of
correct action attributions (%CAA)

Video M Mean ± SD F Mean ± SD M %CAA F %CAA

F-wave 4.82 ± 0.44 4.90 ± 0.30 68 88

F-squat 4.70 ± 0.68 4.78 ± 0.51 92 96

F-stretch 4.74 ± 0.44 4.74 ± 0.56 92 96

F-walk 4.76 ± 0.63 4.88 ± 0.44 94 96

F-point* 4.78 ± 0.51 4.74 ± 0.69 50 62

F-throw* 4.18 ± 1.02 3.98 ± 1.46 48 32

F-high kick 4.84 ± 0.47 4.86 ± 0.61 96 94

F-cheer 4.72 ± 0.67 4.64 ± 0.83 84 80

F-jump robe 4.66 ± 0.63 4.76 ± 0.62 66 68

F-climb stairs 4.76 ± 0.59 4.86 ± 0.35 88 94

F-lazing 4.80 ± 0.49 4.84 ± 0.37 92 94

F-march 4.76 ± 0.59 4.80 ± 0.49 88 82

F-soccer kick 4.80 ± 0.57 4.84 ± 0.42 96 90

F-lateral step 4.82 ± 0.44 4.84 ± 0.42 88 96

F-pick up 4.86 ± 0.45 4.92 ± 0.34 92 94

F-jumping jack 4.88 ± 0.33 4.94 ± 0.24 96 94

F-jump 4.84 ± 0.51 4.94 ± 0.24 96 96

F-forehand* 4.86 ± 0.40 4.84 ± 0.62 68 56

M-wave 4.80 ± 0.57 4.86 ± 0.40 80 84

M-squat 4.76 ± 0.62 4.88 ± 0.33 96 96

M-stretch 4.76 ± 0.59 4.82 ± 0.44 92 96

M-walk 4.82 ± 0.48 4.86 ± 0.45 96 96

M-point 4.74 ± 0.56 4.66 ± 0.75 62 78

M-throw* 4.54 ± 0.79 4.28 ± 0.99 56 50

M-high kick 4.86 ± 0.45 4.92 ± 0.27 84 88

M-cheer 4.69 ± 0.58 4.58 ± 0.84 80 78

M-jump robe 4.74 ± 0.60 4.94 ± 0.24 90 92

M-climb stairs 4.84 ± 0.42 4.86 ± 0.45 92 94

M-lazing 4.70 ± 0.68 4.88 ± 0.39 68 86

M-march 4.84 ± 0.42 4.84 ± 0.42 82 74

M-soccer kick 4.84 ± 0.42 4.88 ± 0.33 96 94

M-lateral step 4.82 ± 0.48 4.82 ± 0.48 88 96

M-pick up 4.80 ± 0.49 4.82 ± 0.44 94 96

M-jumping jack 4.86 ± 0.40 4.90 ± 0.30 94 94

M-jump 4.74 ± 0.60 4.84 ± 0.42 96 96

M-forehand* 4.78 ± 0.51 4.88 ± 0.33 68 58

We performed separated analyses for the male rates (M) and the female
rates (F). *Videos that received correct action attributions by less than
60% of the volunteers from one or both groups.
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experiment design. It is arguable that the lower accuracy in
these movements could indicate that hip-swing kinematics
provide valuable information for these specific movements.
Nevertheless, it might be that participants had more difficulty
naming the action or that the athletes performed the action less
accurately. This seems more likely, considering that the action
of Bthrow,^ which was the least recognized, involved throw-
ing a ball over the head in a frontal view, an action that re-
quires considerably less hip movement than, for example, a

Bsquat^ or a Bhigh kick^ (both correctly identified more than
90% of the time).

According to Johansson (1973), placing the patches over
the hipbones is preferable but not essential for obtaining ac-
curate results. Accordingly, our data revealed that 15 of 18
actions were correctly identified by more than 60% of the
volunteers from both groups. Thus, it is improbable that the
absence of hip patches had significantly undermined action
identification. However, it is not possible to compare our

Table 4 Percentages of correct, incorrect, and no-gender attributions for biological movements by each group

BM F-Null F-Correct F-Error M-Null M-Correct M-Error

F-wave 56 10 34 36 20 36

M-wave 52 30 18 28 42 24

F-squat 50 12 38 28 20 48

M-squat 46 34 20 36 40 20

F-stretch 40 24 36 30 38 26

M-stretch 42 46 12 30 28 38

F-walk 42 0 58 28 0 68

M-walk 36 62 2 28 64 4

F-point 58 8 34 30 14 48

M-point 58 36 6 30 54 10

F-throw 72 8 20 36 16 40

M-throw 58 36 6 32 46 14

F-high kick 40 10 50 20 8 66

M-high kick 44 46 10 22 46 24

F-cheer 50 6 44 30 8 58

M-cheer 48 46 6 38 48 8

F-jump robe 46 18 36 26 28 40

M-jump robe 48 36 16 26 52 16

F-climb stairs 42 6 52 28 10 58

M-climb stairs 52 42 6 28 62 4

F-lazing 44 24 32 38 14 44

M-lazing 52 38 10 34 34 26

F-march 46 6 48 22 6 68

M-march 36 54 10 20 70 4

F-soccer kick 40 8 52 26 8 62

M-soccer kick 36 60 4 28 58 10

F-lateral step 38 30 32 32 26 36

M-lateral step 42 42 16 30 46 18

F-pick up 46 6 48 30 4 60

M-pick up 34 62 4 26 64 4

F-jumping jack 46 20 34 34 24 36

M-jumping jack 48 38 14 28 52 14

F-jump 34 8 58 28 0 66

M-jump 46 52 2 26 58 12

F-forehand 42 18 40 24 8 64

M-forehand 44 48 8 28 52 16

The first line indicates participants’ judgments (F = female participants, M = male participants, null = not possible to attribute gender). The first column
indicates actor gender and movement (F, female; M, male).
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ratings with previous studies due to the lack of validation tasks
(e.g., Ma, Paterson, & Pollick, 2006) and inconsistency be-
tween the stimuli created and the evaluation protocols
(Shipley & Brumberg, n.d.; Vanrie & Verfaillie, 2004).

Furthermore, we created control stimuli (SM) using the
same technique. Similarly, we were able to select the suitable
ones with low human resemblance and no possible attribution
of action. To our knowledge, this is the first framework to
provide point-light control scrambled stimuli using the exact
same marker procedure used to build the biological motion,
and furthermore, with evaluations of both.

Considering gender attributions, we expected no possible
attributions for the SM, and that they would not depict human
shapes and thus not have defined genders. As our analyses
demonstrated, our stimuli fulfilled that requirement.
Concerning the BM set, gender attribution varied according
to the movement and the performer. However, most partici-
pants still were unable to define the actor’s gender in the
majority of our videos. It is possible that weminimized gender
definition by centering the pelvic patch and minimizing the
cues of hip size and swing that had been indicated in previous
studies as allowing gender recognition (Cutting, 1978; Mather
& Murdoch, 1994). Another possibility is that gender attribu-
tion might vary according to the performer and his or her
physical biotype.

Moreover, when attributing gender, both the male and fe-
male groups showed a tendency to judge the actor as male.
Such a gender bias has been previously reported in several
studies (Schouten et al., 2010; Troje, Sadr, Geyer, &
Nakayama, 2006; Troje & Szabo, 2006; van der Zwan et al.,
2009). Thus, it seems that in the absence of hip cues, people
still more often associate point-light walkers with the male
gender. This may explain why, although gender attributions
in the SM set were very low, we also observed more male
gender than female gender attributions. Notwithstanding, cor-
rect gender attribution generally was low, irrespective of the
performer. In addition, concerning the applicability of our set,
having all movements performed by both genders confers the
advantage of possibly counterbalancing the genders of the
performers in experiments.

Finally, another key advantage of our set is stimulus length.
Because it is composed of short videos of recognizable ac-
tions, it is suitable for experiments requiring brief stimulus
presentations. This is often the case when using high-
temporal-resolution technologies such as electroencephalog-
raphy and transcranial magnetic stimulation, and for assessing
behavioral measures during or after neuromodulation.

Author note O.M.L. has a FAPESP PhD grant (2012/24696-1) and
was supported by a CAPES PDSE grant (99999.002966/2014-00).
P.S.B. is a CNPq research fellow (304164/2012-7).
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