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Settings and Materials 

The same T-shaped runway was used as in Experiment 1. 

Procedure 

The procedure was almost identical to that conducted in Experiment 1. The only difference was 

that the runway orientation was not counterbalanced towards the four cardinal points. Therefore, soccer 

players were evaluated with the direction of the runway fixed towards the segment of the area judged to 

present the least distracting stimuli. 

Results and Discussion 

The soccer players were predominantly right-handed (97%). A χ² analysis showed non-significant 

interactions between the experimenter’s location and turning behavior for both task requirements (i.e., 

walking and running). Because only one of the soccer players was left-handed, no statistical analyses of the 

effects of handedness on turning behavior were performed. As in Experiment 1, all subsequent analyses 

included right-handers only (N= 37). Upon assessing whether walking (N= 19) or running (N= 18) 

engendered turning differences, non-significant interactions were found. Figure 2 includes the proportion 

of left turns by soccer players, which was higher than that predicted by random distribution, and similar to 

the figure for the walking (0.68) and running (0.67) conditions. 

When we assessed whether the soccer players’ pattern of turning behavior was different from that 

of the university students tested previously, a χ² analysis revealed non-significant interactions between the 

three populations and turning behavior for the walking condition. In contrast, under the running 

condition, significant interactions between these two variables were found, χ²(2, N= 85) = 7.62, p = 

0.022. In other words, under the running condition men turned left more often than women, but soccer 

players turned left more often than both women and men; a finding that was consistent with our 

expectations. 

Moreover, the mean speed reached by soccer players was 3.95 (m/s) (SD= 0.37), significantly 

higher than that reached by female students, t(df = 48) = -9.16, p =.000 (two tails), but not significantly 

different from that of male students. We tested whether there were significant interactions between speed 

of locomotion and turning behavior. For this purpose, we included in the analysis the speed scores from 

the three populations (including 32 female students, 35 male students and 18 soccer players). Once the 

minimum (2.4 m/s) and maximum (4.85 m/s) speed scores were obtained, we calculated the ranges that 

corresponded to low (2.4-3.21 m/s), medium (3.22-4.03 m/s), and high (4.04-4.85 m/s) speed categories, 

and then assigned participants to these categories according to their speed scores (low= 29 participants, 

medium= 39, high= 17).  

Figure 3 shows the proportion of left turns (top panel) and right turns (bottom panel) as a 

function of the speed reached (low, medium, or high). A χ² analysis showed a significant interaction 

between speed of locomotion and turning behavior, χ²(8, N= 85) = 19.59, p = 0.012; that is, participants 

running at low and medium speeds showed similar proportions of turns, but those that reached the fastest 

speeds showed the highest proportion of left turns (top panel) and, consequently, the lowest proportion 

of right turns (bottom panel). Figure 3 also shows that women, men, and soccer players were differentially 

distributed in each speed category.  

These results suggest that turning behavior was sensitive to changes in speed of locomotion, a 

finding supported by other authors who suggest that higher velocities increase the stability of gait pattern, 
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thus reducing the possibility of switching between right- and left-turning (Lenoir et al., 2006; Pierotti, 

Brand, Gobel, Pedersen, & Clark, 1991). It is noteworthy that the interaction between speed of 

locomotion and turning behavior reported in this study was the result of analyzing the performance of 

many participants in one single trial instead of exposing participants to multiple trials. Therefore, although 

Lenoir et al. (2006) suggested an alternative hypothesis to explain the effects of running on the direction 

of turning -that left-turning preference might have been promoted as a means of saving energy in the 

repetitive trials-, our results are more compatible with the hypothesis that speed increases the stability of 

the gait pattern. 

Figure 3. Proportion of turns as a function of the speed of locomotion. Top panel: proportion of left turns. Bottom 
panel: proportion of right turns. Participants represented in bars as in Figure 2. 
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Finally, to the best of our knowledge, no previous studies had included soccer players in analyses 

of turning behavior, though an experiment with athletes reported that right-footed expert skiers showed 

better performance (in terms of amplitude and force) when executing left-curving turns (Vaverka & 

Vodickova, 2010). Therefore, more research is needed to evaluate the influence of speed of locomotion 

on turning behavior in athlete populations. 

General discussion 

Our results showed that handedness did not influence turning behavior. However, due to the 

asymmetry of the sample (i.e., larger right-handed populations), this relation cannot be deemed conclusive. 

Task requirements (i.e., walking or running) did not consistently influence turning behavior either, 

although a significant ascendant tendency in the proportion of left turns among the three populations 

(women, men, soccer players) was observed for the running condition. In addition, upon testing whether 

speed affected turning behavior, we found that at greater speeds participants showed higher proportions 

of left turns. Although these results indicate that speed performance influenced turning behavior, a sex 

difference-based hypothesis (i.e., the low-speed category included mainly women) cannot be discarded. A 

future study including female soccer players (or similar female athletes) could test this hypothesis. 

Additionally, our findings suggest that the use of a single-trial procedure is adequate for studying 

turning behavior in humans under walking and running conditions. This procedure makes it possible to 

characterize the pattern of turning behavior in the initial conditions for learning (Timberlake, 1993). In 
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addition, because turning behavior occurs apparently in the absence of explicit reinforcement, its 

characteristics should depend partly on the subject's response components, which in turn depend on the 

functional context (Timberlake, 1984). Biomechanical properties apparently make up part of the 

components of responding that underlie turning behavior. Our results suggest that, although this factor 

was not measured, participants may have differed in terms of their biomechanical properties, which in 

turn may have propitiated different speeds of locomotion. Participants’ strength or body equilibrium 

might have played an important role in determining turning direction as well. In fact, previous evidence 

suggests that differences in biomechanical properties –for instance, those induced by age– influence the 

emergence of different modes of action or behavior topographies used when reaching for an object with 

the arm (Jiménez, Covarrubias, & Cabrera, under review). Lateralization, on the other hand, is also 

apparently part of the subject’s response components. However, the effects of lateralization on turning 

behavior are still ambiguous. In this study, we included a right-handed population only; thus future 

research may test whether the results reported here are replicated with a left-handed population.  

Regarding the functional context, Timberlake (2004) proposed that niche-related responses are 

generated by mechanisms that operate in current circumstances which are similar to those that were 

evolutionarily selected. In that case, when organisms encounter an arbitrary task they respond with the 

non-arbitrary structure that best fits (Timberlake, 1993). As far as we know, a functional (evolutionary) 

approach to the study of turning behavior is absent in the specialized literature, though such a focus 

would allow researchers to design experimental settings with components that best fit with the organismic 

structure of animals, called tuning (Timberlake, 1993). As is recognized elsewhere, the inconsistent results 

reported in studies of turning behavior in humans possibly arise from “methodological differences like the 

nature of the task, whether or not sensory deprivation was applied, and the selection of participants (right-

handers only versus a mixed population)” (Lenoir et al. 2006, p. 180). We suspect that a functional analysis 

of the characteristics mentioned by Lenoir and colleagues may support the notion that turning behavior 

arises as the best fit to current circumstances. Therefore, the design of experimental settings for evaluating 

turning behavior in humans should take into account not only the components of the motor activity, but 

also those characteristics of the surface layout that provide functional support to different patterns of 

locomotion. Empirical evidence from studies with animals is consistent with this notion. For example, 

Covarrubias et al. (2011) showed that the possibility of encountering a surface with the same or different 

layout in a T-maze influenced velocity in hamsters and rats, regardless of the effects of reinforcement.  

Finally, in addition to the consistency between the present study and the ecological approach for 

learning (Timberlake, 1984, 1993, 2004), our results may also be important for other theories within 

behavior analysis. For example, the molar approach to behavior (Baum, 2002, 2004, 2012) emphasizes the 

extendedness in time of most behaviors. However, most of the basic studies in behavior analysis deal with 

discrete responses (i.e., lever pressing or key pecking). Therefore, the study of a molar behavior, such as 

walking or running along a runway and turning, might be described by the molar approach, extending the 

generality of its scope to the analysis of turning behavior.  

In summary, in the field of turning behavior, different studies have reported contradictory 

findings. In human studies, for example, it is not clear whether handedness consistently influences turning 

behavior. Apparently, imposing time pressure (i.e., running) did consistently produce a tendency to turn 

left. Because we implemented a single-trial procedure, which emphasized evaluating participants’ 

performance before conditioning (i.e., the initial conditions for learning), turning behavior could be 

sensitive not only to the subject’s response components but also to the task requirements. Our results did 

not confirm that running engendered more left turns than walking; however, it did show that at higher 

speeds a higher proportion of left turns is found. The biomechanical properties of the participants may 
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underlie the speed of locomotion, and thus influence turning behavior; however, testing this relationship 

remains open for future research. Overall, we propose that the ecological approach to learning may be an 

adequate conceptual framework that will allow us to clarify the contradictory findings reported in studies 

of turning behavior. 
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