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Abstract 
The ability to perceive biological motion using point-light displays allows for differentiation 
in the evaluation of human movement. The purpose of the study was to examine sex 
differences in cognitive processing based upon a visuospatial decision-making accuracy 
task that utilized the perception of biological motion associated with a specific movement in 
ballet. The participants were 33 males and 36 females, Estonian citizens aged between 18 
and 27 years. The ELITE Biomech 2002 movement analysis apparatus was used to generate 
point-light stimuli. The task involved distinguishing between point-light stimuli 
representations of digital video footage of a correct and incorrect turn from fifth position in 
ballet. Repeated measures Multivariate Analysis of Variance results revealed no significant 
differences between male and female decision-making accuracy scores. This result suggests 
that in relation to this type of specific visuospatial processing task it may be that social 
factors may also influence sex specific genetic predispositions associated with visuospatial 
ability. 
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Investigating sex differences in the perception of biological motion associated with visuospatial 
decision-making movement accuracy 
 
1. Introduction 

A continuing area of investigation in psychology is the description and determination of 
differences in human cognitive functioning through the exploration of abilities such as spatial 
visualization [1; 2]. Additionally, an important element of perceptual processing originally 
demonstrated by Johansson [3] is the capability of humans to visually recognize biological motion 
using only the illuminated joints of a walking person based upon the use of point-light displays to 
present motor movements. Researchers examining perception of biological motion have used this 
methodology to highlight variations in an individual’s cognitive abilities to determine 
characteristics such as directions of motion [4], the type of motor action [5; 6], and styles of 
movement [7]. 

The examination of sex differences in human cognitive abilities remains an area of research 
that is studied extensively [8; 9; 10; 11]. Of particular interest to the current study are findings that 
have shown males tend to perform better than females in tasks associated with spatiotemporal 
ability [e.g., 12; 9]. Halpern [1] described this type of visual-spatial ability as cognitive processing 
involving “judgments about and responses to dynamic (i.e., moving) visual displays” (p. 101). 
Herlitz and Loven [13] suggested that although men consistently outperform women on visuospatial 
tasks the common pattern observed is that large differences are typically found in mental rotation 
tests, smaller differences for spatial perception tasks, and considerably smaller differences in spatial 
visualization assessments. A recent study by Wolf et al. [11] evaluated sex differences in 
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visuospatial skills used in a real-life context. The results indicated that men outperform women in 
spatial cognition associated car parking maneuvers; however, the researchers did suggest that social 
factors might affect performance in these types of task. It has also been noted, that although there is 
consistent acknowledgement of sex differences in visuospatial processing the magnitude of the 
differences is task dependent and modulated by the specific characteristic being evaluated [14]. 

Currently, only a limited number of studies have considered attributes such as sex of the 
observer in the evaluation of individual differences in the ability to perceive biological motion [15; 
16; 17]. Thomson et al [16] investigated the effect of the sex of the observer as a discriminating 
factor in the recognition of human or object movement generated from point-light displays. 
Significant differences were reported between the sexes in their ability to correctly identify point 
light images of a person running or a rolling basketball. Women made fewer errors; however, the 
difference was smaller when considered in relation to their being involved in sport. The basic 
differences highlighted by Thomson et al. [16] highlighted a need to investigate the possibility of 
sex differences in tasks associated with the discrimination of biological motion representative of 
human movement. 

Very few studies have focused on comparing skills in the visuospatial domain using the 
perception of biological motion as the discriminating variable [e.g., 18]. Bidet-Ildei et al. compared 
the skills of males and females in distinguishing between point-light images of a runner moving to 
the left or right. Results indicated that no differences existed in a non-primed condition; however, 
males had a greater number of correct recognitions in the condition in which they were provided 
with a video sequence of a runner prior as a primer prior to viewing the point-light displays. 
Pavlova [19] recently proposed that additional research into sex differences in the visual processing 
of biological motion would be valuable. 

It is important to clarify that the terms sex and gender will both be used, as will the terms 
visual-spatial and visuospatial. In specific reference to the data and findings of the current study, the 
terms sex and visuospatial are the preferred terms to describe the sample sub groups and the 
cognitive processing task. In references to several of studies reviewed the original terms selected by 
the authors (i.e., gender and visual-spatial) will utilized. Halpern et al. [20] provide a valuable 
insight into the current use of the terms sex and gender. They stated that individuals “who oppose 
the restrictive use of sex for biological distinctions and gender for social or environmental ones 
further note that the dichotomy is often artificial” (p. 1). Additionally, Halpern [1] consistently 
refers to term visual-spatial but in a later article [20] only refers to the term visuospatial in 
discussing the same set of cognitive processing abilities. 

The main purpose of the present study was to examine possible sex differences in 
visuospatial processing as related to a task incorporating the perception of biological motion. This 
involved the discrimination of point-light images associated with a specific movement in ballet. As 
an outcome of evaluating if sex differences are present in the perception of biological motion, 
additional information may be gained that assists in clarifying sex difference questions associated 
with the visuospatial processing on which it is reliant. Furthermore, this study may facilitate a better 
understanding of the processes that individuals use to decode spatiotemporal information associated 
with perception of biological motion. 
 
2. Method 
2.1 Participants  

The convenience sample comprised 69 citizens of Estonia drawn from a university student 
cohort ranging in age from 18-27 years (M = 21.91, SD = 2.39). The participant group included 33 
males (M = 21.76, SD = 2.33) and 36 females (M = 22.06, SD = 2.46). All participants had normal 
or corrected-to-normal visual acuity, reported they had no experience in ballet, and were aware that 
the specific aim of the investigation was in relation to the examination of a specific cognitive 
processing skill. Approval to recruit participants and collect data was given by the Tallinn 
University ethics committee. 
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2.2 Apparatus and stimuli 
Point-light stimuli representing the performance of the ballet dancer were generated using 

the ELITE Biotech 2002 optic-electronic apparatus. The ELITE Biomech 2002 system (BTS – 
Bioengineering Technology and Systems, Italy) includes six cameras that have an infrared 
illuminator and contacts, reflecting markers covered with aluminum powder that are attached to the 
participant’s body, and analysis software. The markers were seen on the screen as white dots on a 
black board. It is possible to show the sensitivity to biological motion by increasing/decreasing the 
number of illuminated joints [21]. In the current study we attached 20 markers to the ballet dancer’s 
body by using the Davis body model [22]. All stimuli were presented to participants on a portable 
laptop using the ELITE Biomech 2002 software to present the stimuli. 
 
2.3 Procedure 

The point-light stimuli were created from the video imaging of ballet dancers in motion. The 
major movements in ballet involve dancers using standardized foot and arm placements: first, 
second, third, fourth, and fifth positions. The fifth position is the toe-to-heel position. It involves the 
movement of both feet while the dancer maintains a 180° vertical-angle with the left foot forward. 
The heel of one foot lines up with the toe of another foot. In this version of the pirouette, the head 
moves first during rotation, one arm in the first position, and contralateral arm (same as the support 
leg) is in the second position (See Figure 1). For this study, point-light images of a ballet dancer 
performing a correct turn (balanced) and an incorrect turn (off balance) from the fifth position were 
used as the basis, of the visuospatial processing task. Participants were presented 20 pairs of the 
stimuli that included correct and incorrect turns. Within the pairs of experimental stimuli the 
characteristic of the image that differentiated if the turn was correct or incorrect was whether the 
balance line of the dancer during the movement was in a direct 180o vertical position or off to the 
left or right side by 15 to 20 degrees. Each pair had the combination of stimuli presented in a 
random order equally represented from the following possibilities (i.e., correct/correct; 
correct/incorrect; incorrect/correct; incorrect/incorrect), with interstimulus intervals that were 
constant (5000 ms). Participants were then asked whether the second stimulus of the pair was the 
same or different from the first stimulus of the pair. Right and wrong answers were registered 
according to whether the participant did or did not correctly recognize a difference or similarity 
within the pair of stimuli. The experimental task was completed on two occasions separated by a 2 
day interval depending on participant availability. The tasks were completed in relaxed conditions 
in a quiet room. SPSS version 17 was used for the data analysis. 

 
 
 
 

 
Figure 1. Example of the correct ballet movement used as the point-light stimulus 
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3. Results 
The visuospatial decision-making accuracy scores for the point-light stimuli test for the 

male and female groups are presented in Table 1. The descriptive analysis details for decision-
making accuracy at occasion 1, occasion 2, and the difference score between occasions are 
presented in Table 1.  
 
Table 1 
Means and standard deviations of decision-making accuracy in biological motion perception for 
males, females, and total participants. 

 
Variable Mean 

Total 

(n = 69) 

SD Mean 

Males 

(n = 33) 

SD Mean 

Females 

(n = 36) 

SD 

Errors occasion 1 3.65 1.67 3.67 1.88 3.64 1.48 

Errors occasion 2 3.57 1.66 3.39 1.87 3.72 1.45 

Errors difference score  0.09 2.34 0.27 2.66 -0.08 2.03 

 
A repeated measures Multivariate Analysis of Variance (MANOVA) was conducted to 

evaluate differences between the males and females in relation to test occasion. No significant 
differences were found between the male and female groups in decision-making accuracy, F(1,67) = 
0.39, p = .532. The within subjects analysis also indicated no significant difference across test 
occasions, F(1,67) = 0.27, p = .601. A t-test was completed to compare test occasion change scores 
for males and females. No significant difference was found, t(67) = 0.63, p = .53. The pattern of 
change as shown in Figure 2 indicated that the males made fewer errors across test occasions 
whereas the females demonstrated a very small increase in errors made. 
 

 
Figure 2. Mean number of errors as a function of sex and test occasion 
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4. Discussion 
The aim of this study was to compare female and male decision-making accuracy in discriminating 
between variations in a point-light stimuli representation of a ballet dancer’s correct and incorrect 
turn in the fifth position. The point-light stimulus format for exemplifying biological motion served 
as the basis of the task used to compare the visuospatial processing skills of the participants. 
Previous studies concerning sex differences in similar visuospatial tasks such as object location 
memory [12] and spatial functioning [10] highlighted between sex variations. Only very limited 
prior research could be found that utilized the point-light stimulus approach as a type of visuospatial 
processing task [e.g., 18]. On the basis of the preceding information, we assumed that there could 
be sex differences in decision-making accuracy in relation to perception of biological motion. 

The current findings did not reveal any significant differences between males and females in 
relation to the point-light discrimination task. Results from a previous investigation examining 
perception of biological motion using point-light displays, showed a significant difference was 
evident between the sexes in relation to the recognition of biological motion and object motion [16]. 
Differences between the pattern of responses found in the present experiment and the Thomson et 
al. study were possibly due to the focus of the later study being on the discrimination of human and 
non-human movement point-light stimuli. Bidet-Ildei et al. [18], using a similar protocol to the 
current research, found no significant overall differences between genders in discriminating 
between the directional movements of point light images of a male runner. Bidet-Ildei et al did find 
however, that in relation to the condition in which the participants were primed using actual video 
of the male runner that males had a greater number of correct responses in the subsequent point-
light image task. Results of the current study and previous research indicate that additional 
investigation is required to clarify the strength and pattern of sex differences related to the 
discrimination of human movements represented using point-light images. 
In considering the experimental task of the current study within the visuospatial processing domain, 
results appear to be inconsistent with the typical representation of sex differences. Broad overviews 
of research in the field of cognitive functioning [e.g., 1; 13; 2; 8] have all concluded that males 
outperform females on tasks associated with visuospatial processing. There is however, an 
acceptance in the field that the strength of these differences is dependent on the type of task being 
completed, with the smallest effect size reported in relation to sex differences found in tests 
associated with spatial visualization [13; 2]. Experimental studies associated with spatial cognition 
involving both laboratory visuospatial functioning [10] and real-life representations of visuospatial 
ability such as car-parking [11] have found significant sex differences favoring males but in both 
types of task conditions the effect sizes were small. Interestingly, Weiss et al. [10] and Wolf et al. 
[11] suggested that social factors that relate to the types of visual spatial tasks being utilized in 
much of the sex difference research in this field incorporate tasks that could be better suited to the 
response skills of males. The lack of difference observed in the current study could be in part due to 
the fact that a female oriented movement associated with ballet was used as the basis of the point-
light image, and possibly better understood and interpreted by the female participants than other 
types of visuospatial processing tasks. It may be an important consideration, therefore, in the 
selection and development of visuospatial processing tasks of any format (e.g., point-light, paper-
pencil, real-life) to work towards a neutral sex representation of the stimulus in regards to both the 
broader social influences affecting the task and indeed to specific elements of the actual task (e.g., 
footballer versus ballet dancer). 

The major limitation of the current study was the use of only a small convenience sample. 
Data collection was undertaken to pilot the point-light procedures and therefore a larger sample of 
participants from a broad range of ages was not sourced. Additional limitations relate to the point-
light task and whether it served as a strong indicator of visuospatial processing. The novel nature of 
the task may not have allowed participants to focus successfully on the discriminatory requirements 
of the task but rather time was directed towards familiarizing themselves with the point-light 
process. Future research would benefit greatly from more structured selection of the sample and the 
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inclusion of a larger number of male and female participants. The experimentation procedure should 
also incorporate a familiarization and rehearsal phase prior to the scoring of the discrimination 
tasks. Future research could also focus on sex differences in the decision-making accuracy of 
experts in ballet and compare these results with those of novice sample. In summary, it can be 
concluded that sex differences do not appear to constitute constraints which affect the perception of 
biological motion when considered in terms of visuospatial processing. Further consideration of the 
use of point-light stimulus as a valid representation of visuospatial abilities from which sex 
differences could be assessed is warranted but would necessitate the design and implementation of 
an experiment in which the aims are more focused on visuospatial processing rather than perception 
of biological motion. 
 
References 
1. Halpern, D. F. (2000). Sex differences and cognitive abilities (3rd Edition). Mahwah, NJ: 

Erlbaum. 
2. Hyde, J. S. (2005). The gender similarities hypothesis. American Psychologist, 60(6), 581–592. 
3. Johansson, G. (1973). Visual perception of biological motion and a model for its analysis. 

Perception and Psychophysics, 14, 201-211. 
4. Bertenthal, B. I., & Pinto, J. (1994). Global processing of biological motions. Psychological 

Science, 5, 221-225. 
5. Dittrich, W. H. (1993). Action categories and recognition of biological motion. Perception, 22, 

15-23.  
6. Vanrie, J., & Verfaillie, K. (2004). Perception of biological motion: A stimulus set of human 

point-light actions. Behavior Research Methods, Instruments, & Computers, 36, 625-629. 
7. Pollick, F. E., Fidopiastis, C., & Braden, V. (2001). Recognising the style of spatially 

exaggerated tennis serves. Perception, 30(3), 323-338.  
8. Torres, A., Gómez-Gil, E., Vidal, A., Puig, O., Boget, T., & Salamero, M. (2006). Gender 

differences in cognitive functions and influence of sex hormones. Actas Esp Psiquiatr, 34(6), 
408-415. 

9. Vuoksimaa, E., Viken, R. J., Hokkanen, L., Tuulio-Henriksson, A., Rose, R. J., & Kaprio, J. 
(2010). Are there sex differences in the genetic and environmental effects on Mental Rotation 
Ability? Twin Research and Human Genetics, 13 (5), 437–441. 

10. Weiss, E., M., Kemmler, G., Deisenhammer, E. A., Fleischhacker, W. W., & Delazer, M. 
(2003). Sex differences in cognitive functions. Personality and Individual Differences, 35, 863–
875.  

11. Wolf, C. C., Ocklenburg, S., Ören, B., Becker, C., Hofstätter, A., Bös, C., Popken, M., 
Thorstensen, T., & Güntürkün, O. (2010). Sex differences in parking are affected by biological 
and social factors. Psychological Research, 74, 429–435. 

12. De Goede, M., & Postma, A. (2008). Gender differences in memory for objects and their 
locations: a study on automatic versus controlled encoding and retrieval contexts. Brain and 
Cognition, 66(3), 232-242. 

13. Herlitz, A., & Lovén, J. (2009). Sex differences in cognitive functions. Acta Psychologica 
Sinica, 41 (11), 1081−1090. 

14. Vecchi, T., & Girelli, L. (1998). Gender differences in visuo-spatial processing: The importance 
of distinguishing between passive storage and active manipulation. Acta Psychologica, 99, 1-
16. 

15. Brooks, A., Schouten, B., Troje, N. F., Verfaillie, K., Blanke, O., & Van Der Zwan, R. (2008). 
Correlated changes in perceptions of the gender and orientation of ambiguous biological 
motion figures. Current Biology, 18(17), 728-729. 

16. Thomson, K., Valt, L., & Ereline J. (2006). Biological motion as an essential ability for 
teaching motor skills. In K. Thomson, T. Jaakkola, & J. Liukkonen (Eds.) The Promotion of 
Motor Skills in Sports and Physical Education (pp. 79-85). Jyväskylä: University of Jyväskylä. 



GESJ: Education Science and Psychology 2011 | No.2(19) 
ISSN 1512-1801 

 

71 

17. Schouten, B., Troje, N. F., Brooks, A., Van Der Zwan, R., & Verfaillie, K. (2010). The facing 
bias in biological motion perception: Effects of stimulus gender and observer sex. Attention, 
Perception, & Psychophysics, 72(5), 1256-1260. 

18. Bidet-Ildei, C., Chauvin, A., & Coello, Y. (2010). Observing or producing a motor action 
improves later perception of biological motion: Evidence for a gender effect. Acta 
Psychologica, 134 , 215–224. 

19. Pavlova, M., A. (July 20, 2011). Biological motion processing as a hallmark of social cognition. 
Cerebral Cortex, 2-15. doi: 10.1093/cercor/bhr156 

20. Halpern, D. F., Benbow, C. P., Geary, D., Gur, R., Hyde, J. S., & Gernsbacher, M. A. (2007). 
The science of sex differences in science and mathematics. Psychological Science in the Public 
Interest, 8, 1–51. 

21. Neri, P., Morrone, M. C., & Burr, D. C. (1998). Seeing biological motion. Nature, 395, 894-896. 
22. Karpova, J., Ereline, J., Gapeyeva, H., & Pääsuke, M. (2005). Biomechanical analysis of 

classical dance elements in ballerinas. Acta Academiae Olympiquae Estoniae, 13 (1), 50-67. 

 
_________________________ 
Article received: 2011-10-26 

 


