
Oxytocin is implicated in a wide range of human social 
cognitive and emotional functions (Lee, Macbeth, Pagani, 
& Young, 2009; Meyer-Lindenberg, 2008). This evolu-
tionarily ancient neuropeptide facilitates the recognition 
of complex mental states and social emotions (Domes, 
Heinrichs, Michel, Berger, & Herpertz, 2007), improves 
memory for faces (Rimmele, Hediger, Heinrichs, & Klaver, 
2009), increases gaze to the eye regions of other people’s 
faces (Guastella, Mitchell, & Dadds, 2008), enhances the 
encoding of positive social memories (Guastella, Mitch-
ell, & Mathews, 2008) and the recognition of positive sex 
and relationship words (Unkelbach, Guastella, & Forgas, 
2008), and modulates trust, trustworthiness, and generos-
ity during interpersonal transactions (Baumgartner, Hein-
richs, Vonlanthen, Fischbacher, & Fehr, 2008; Kéri, Kiss, 
& Kelemen, 2009; Kosfeld, Heinrichs, Zak, Fischbacher, 
& Fehr, 2005; Zak, Kurzban, & Matzner, 2005; Zak, Stan-
ton, & Ahmadi, 2007). Oxytocin affects the activation of 
brain areas responsible for emotion regulation and cogni-
tive control, including the amygdala and the prefrontal cor-
tex (Baumgartner et al., 2008; Domes, Heinrichs, Gläscher, 
et al., 2007; Kirsch et al., 2005). The genetic polymorphism 
of the oxytocin receptor gene is associated with prosocial 
fund allocations in the dictator game and in the social value 
orientations task (Israel et al., 2009).

In the present study, we investigated the effect of exter-
nally administered oxytocin on the visual perception of 
social and nonsocial stimuli. This question is especially 
important because the literature is not fully consistent. As 
discussed above, there is evidence that oxytocin influences 
gaze to relevant social stimulus details (Guastella, Mitch-

ell, & Dadds, 2008), but, in another study, oxytocin did 
not affect either gaze toward or the early perceptual detec-
tion of threatening and/or positive face stimuli (Guastella, 
Carson, Dadds, Mitchell, & Cox, 2009). The perception of 
biological motion is one of the most fundamental aspects 
of social cognitive processes and may serve as a primitive 
“life detector” (Troje & Westhoff, 2006). The recognition 
of movements and actions of other people is necessary for 
communicating, decoding “body language,” and learning 
by imitation (Giese & Poggio, 2003; Peuskens, Vanrie, 
Verfaillie, & Orban, 2005; Puce & Perrett, 2003). Bio-
logical and nonbiological motion stimuli are differentially 
processed at the semantic level (Goldberg, Perfetti, & 
Schneider, 2006). However, the assessment of biological 
and nonbiological (mechanic) motion is methodologically 
challenging and requires the special consideration of task 
difficulty, visual forms defined by motion, and the level 
of noise that masks the motion. Hiris (2007) demonstrated 
that biological motion is easier to detect than unstructured 
nonbiological motion and that the advantage of biological 
motion disappears when it is compared with structured 
nonbiological motion that contains a form. The controlled 
assessment of the perception of biological and nonbio-
logical stimuli is indispensable for obtaining reliable data. 
Regarding the effect of oxytocin, the crucial issue is the 
stage and type of information processing. Does oxytocin 
influence early stages of perception, or is it important only 
in higher level social cognitive processes? Can oxytocin 
modulate general perceptual processing—for example, 
by improving attention and signal-to-noise ratio—or is 
it specific to biological stimuli? In this study, we investi-
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biological conditions. By the variation of the number of mask dots, 
we were able to manipulate the difficulty of the task; that is, fewer 
mask dots allowed easier detection of the target. 

There were two types of stimuli. For biological motion, a 
treadmill walking pattern was used, whereas for nonbiological 
motion, a structured rotation target appeared on the screen (Fig-
ure 1). These stimuli are illustrated by online movies available at 
http:// journalofvision.org/7/12/4/images/Movie1.mov and http:// 
journalofvision.org/7/12/4/images/Movie3.mov (Hiris, 2007). We 
replicated and used these stimuli. Each display consisted of 60 
frames of motion (rate  42.5 frames per sec), which represented 
one step-cycle of walking for biological motion, and a rotation of 90º 
for nonbiological motion. 

The task was to judge whether the target stimulus was present 
within the mask dots or not by pressing one of two different keys 
on the computer keyboard (0  no, 1  yes). The target was pres-
ent on half of the trials. Each trial was preceded by the presenta-
tion of a fixation point for 500 msec. There were 100 trials for each 
stimulus type (biological vs. nonbiological motion) and level of task 
difficulty (176 vs. 352 mask dots), resulting in a total of 400 trials. 
Before the experiment, a practice run was provided for each partici-
pant, during which the target stimuli were presented without mask 
dots. The dependent measure of task performance was sensitivity 
(d ), which was calculated from hit rates and false alarm rates: d  
zhit rate  zfalse alarm rate, where z is a score calculated using the stan-
dard deviation from the mean.

Oxytocin administration. We used the oxytocin administration 
protocol of Heinrichs, Baumgartner, Kirschbaum, and Ehlert (2003) 
and Domes, Heinrichs, Michel, et al. (2007). During the experiment, 

gated the hypothesis that oxytocin improves the percep-
tion of biological motion but has no effect on the detection 
of structured nonbiological motion.

METHOD

Participants
Twenty healthy volunteers (10 female; mean age  28.3 years, 

SD  7.2; mean education  14.5 years, SD  3.6; mean IQ  109.6, 
SD  10.4) having no history of neurological, psychiatric, or ophthal-
mological illnesses participated in the study. Visual acuity was normal 
or corrected to normal. Each participant gave written informed con-
sent, and the study was approved by the local ethics board.

Procedure
Psychophysical assessment of motion perception. We selected 

conditions with equal sensitivity and variance for biological and non-
biological motion from the paradigm of Hiris (2007). Three param-
eters were taken into consideration: stimulus size, number of mask 
dots, and type of motion. Stimuli were presented on a ViewSonic 
monitor controlled by a personal computer. The stimuli consisted of 
11 white dots presented against a black background from a viewing 
distance of 60 cm. The whole presentation area subtended a visual 
angle of 27º  34º, whereas the stimulus area subtended 6º  12º in 
the horizontal and vertical direction, respectively. The 11 dots com-
prising the target stimulus were embedded among clouds of either 
176 or 352 dynamic mask dots randomly placed on the stimulus 
area. Scrambled motion masks were used in both biological and non-

Biological motion: A walking character Nonbiological motion: A rotating square

Figure 1. Illustration of the stimuli used for the assessment of biological and nonbiological motion perception. The 
walking character performed a treadmill-like motion, whereas the square was rotating (see also the online movies avail-
able at http://journalofvision.org/7/12/4/images/Movie1.mov and http://journalofvision.org/7/12/4/images/Movie3.mov 
[Hiris, 2007]). The signal dots are marked by arrows.
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type [F(1,38)  30.53, p  .001, 2  .45, power  .99]. 
There were no significant interactions between test con-
dition and task difficulty [F(1,38)  0.01, p  .94, 2  
.00, power  .05] or stimulus type and task difficulty 
[F(1,38)  0.39, p  .54, 2  .01, power  .09] nor 
among test condition, stimulus type, and task difficulty 
[F(1,38)  0.46, p  .50, 2  .01, power  .1].  Scheffé’s 
test conducted on the interaction between test condition 
and stimulus type revealed that oxytocin increased sen-
sitivity during the perception of biological motion, as 
compared with the placebo, at both levels of difficulty 
( p  .05). However, this effect of oxytocin was clearly 
absent in the case of nonbiological motion ( p  .5) (Fig-
ure 2). Planned comparisons with F tests indicated that 
there was no significant difference between the d  values 
for biological and nonbiological motion in the placebo 
condition [F(1,38)  0.44, p  .51] (Figure 2). In con-
trast, in the oxytocin condition, biological motion detec-
tion was more effective than nonbiological motion detec-
tion [F(1,38)  51.19, p  .001], regardless of the level 
of difficulty.

We also conducted a secondary analysis on participants 
who had received the placebo first versus those who had 
received oxytocin first. This ANOVA revealed no signifi-
cant main effect of order (placebo or oxytocin first) nor 
any interaction among order, stimulus type, and task dif-
ficulty (F  1, p  .5).

DISCUSSION

A central theme in the literature of motion perception is 
whether humans are better at detecting biological motion 
or nonbiological motion (e.g., Casile & Giese, 2005; Neri, 

a single dose of 24 IU oxytocin (Syntocinon spray, Novartis, Basel) 
or placebo was administered intranasally 45 min before the begin-
ning of the experiment. Participants underwent both the oxytocin 
and the placebo conditions with a 1-week interval in a balanced 
within-subjects design. Participants did not report complaints after 
the administration of either the oxytocin or the placebo.

Data Analysis
STATISTICA 7.0 software was used for data analysis (StatSoft, 

Inc., Tulsa, OK). Levene’s tests were used to investigate the homo-
geneity of variance, and Kolmogorov–Smirnov tests were used to 
investigate the normality of data distribution. We conducted a re-
peated measures ANOVA in which d  values were the dependent 
variable and stimulus type (biological vs. nonbiological motion), 
task difficulty (176 vs. 352 mask dots), and test condition (oxytocin 
vs. placebo) were the independent variables. F tests were used for 
planned comparisons, and Scheffé’s tests were used for post hoc 
analysis. The level of significance was set at alpha  .05.

RESULTS

The d  values are shown in Figure 2. Levene’s tests in-
dicated that the variances for different stimulus types (bio-
logical vs. nonbiological) and difficulty levels were ho-
mogeneous (F  0.3, p  .5). The Kolmogorov–Smirnov 
tests indicated that the data did not deviate from the nor-
mal distribution (d  .2, p  .2).

The ANOVA conducted on the d  scores indicated 
significant main effects of stimulus type [F(1,38)  
21.09, p  .001, 2  .36, power  .99] and task dif-
ficulty [F(1,38)  144.92, p  .001, 2  .79, power  
1.0]. The main effect of test condition did not reach the 
level of statistical significance [F(1,38)  2.43, p  .13, 

2  .06, power  .33]. However, there was a significant 
two-way interaction between test condition and stimulus 
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ies and human functional neuroimaging indicate that the 
superior temporal sulcus (STS) shows neural responses 
to moving natural images of faces and bodies, as well as 
to motion defined by point lights marking the limb ar-
ticulations of animate bodies. These data are consistent 
with results from patients with focal brain damage in this 
area (Saygin, 2007). In addition, the left posterior STS 
can differentiate between intended and unintended mo-
tion (Morris, Pelphrey, & McCarthy, 2008). We hypoth-
esize that oxytocin has a specific effect on brain areas that 
participate in biological motion perception; it has been 
shown that these areas are implicated in higher level social 
cognition, emotion regulation, attachment, and reward 
(Baumgartner et al., 2008; Domes, Heinrichs, Gläscher, 
et al., 2007; Kirsch et al., 2005; for a review of animal 
functional imaging studies, see Ferris, 2008). In contrast, 
brain areas (MT/V5 complex) related to the perception 
of nonbiological motion may be unresponsive to oxyto-
cin. It is important to emphasize that the STS plays a role 
in multiple social cognitive functions beyond biological 
motion detection, including face perception, speech pro-
cessing, and mentalization. The functional role of the STS 
depends on the pattern of network coactivation with differ-
ent regions in the frontal cortex and medial-temporal lobe 
(Hein & Knight, 2008). These roles of the STS might be a 
converging point, because oxytocin modulates facial pro-
cessing (Rimmele et al., 2009) and mentalization (Domes, 
Hein richs, Michel, et al., 2007), in addition to modulating 
biological motion perception. Carter and Pelphrey (2006) 
demonstrated that mentalization and the development of 
biological motion perception are closely related; this is 
consistent with the data discussed above.

In conclusion, in the present study, we have demon-
strated that oxytocin enhances the perception of biological 
motion without any significant effect on the perception of 
nonbiological motion. Further studies are warranted for the 
investigation of how oxytocin modulates the activation of 
sensory and higher cortical areas that are differentially im-
plicated in the processing of social and nonsocial stimuli.
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