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Abstract
Human walking is a standardized, repeatable and rhythmic locomotor act, with biomechanical patterns reported as roughly

common to all healthy individuals. However, some gait patterns could be affected by cognitive, social and cultural factors. This
mini-review aims at investigating top-down related differences in walking healthy patterns due to the above factors. The reviewed

literature reported that socio-economic factors are at the basis of differences in pedestrian walking speed, related to the pace of
life: faster speed was found in industrialized countries than in developing ones. Furthermore, it was suggested that the ancient

division between men and women in hunters and gatherers, respectively, could be at the basis of gender visual differences and, in

turn, in upper body movements during walking, with women walking with a more stable head. Interestingly, changes in gait speed
did not affect cortical resources needed for spatial cognition, whereas a cognitive task may affect the gait speed. The most reliable

parameters, poorly affected by psycho-social factors, resulted the symmetry of limb movements and the ratio between stance and
swing duration. The latter was found close to the irrational number called golden ratio, providing a fractal structure to human gait
cycle. Both these parameters are at the basis of the harmony of human walking, a feature maintained also in presence of top-down
driven gait modifications.
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Human walking is a standardized, repeatable, rhythmic locomotor act, with biomechanical patterns reported as common among all

healthy subjects [1]. The initiation of walking is related to signals arising from either volitional processing in the cerebral cortex or
emotional processing in the limbic system, but after that, the steady state of walking occurs as an automatically controlled movement [2].

In fact, premotor cortex has mainly been involved in successive intentional gait modifications requiring motor programming, such as for
overcoming obstacles, for changing speed or for stopping [2].

The discovery of central pattern generators in mammalians furtherly supported the concept of an automatic steady state of walking

[2,3]. Despite it, walking exploits a lot of sensorial integrations by locomotor system which simultaneously receives inputs from motor
cortex, cerebellum and sub-cortical nuclei, and at the same time it embodies visual, vestibular and proprioceptive feedback, resulting
in a multi-level neural control system that manages bottom-up and top-down stimuli and allows to perform a stable gait and a highly

consistent walking patterns [3,4]. The central pattern generators are at the basis of these basic rhythmic patterns, while the higher-level
centers are responsible for modulating these patterns according to environmental constraints [4].

The complexity of this integrative process emerges when bioengineers try to replicate human walking with anthropomorphic robots,

that not yet fully achieves the features of the human gait [4]. Paradoxically, anthropomorphic passive-dynamic mechanical walkers, just
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built with springs and levers, showed a walking efficiency even higher than that of robots, confirming the idea that walking is an automatic
act [5].

Despite this automatic mechanism is at the basis of the high similarity of walking patterns worldwide, there are some psycho-socio-

cultural features that may influence walking parameters [6]. The aim of this mini-review is to analyze some of the most important factors
affecting gait in healthy humans according to the findings reported in the scientific literature.
Socio-cultural factors

An in-depth study conducted in 31 countries [7] allowed to highlight how economic well-being, degree of industrialization, population

size, climate and cultural values may influence the pace of life and, indirectly, the self-selected walking speed. In fact, higher industrialized
Countries seem to request a higher pace of life and hence a higher walking speed, with a consequent variation of relevant spatio-temporal

gait parameters [7]. People from Ireland, Netherlands, Switzerland, England and Germany resulted the most frenetic, with a pedestrian
speed about 0.3m/s higher than that of Mexicans and 0.5m/s than that of Brazilians [7]. These results were then confirmed by the Pace of
Life project, that also showed a successive increment of pedestrian speed in far eastern developing countries, such as Singapore.
Gender differences

Also some gender differences highlighted in walking seem to be most related to ancient cultural reasons than to gender differences in

anatomical structures. During walking, head movements are smoother in women than in men, whereas pelvis accelerations are higher in
women [8]. A possible cultural explanation was the control of poise required in previous centuries to women [8]. Another possible reason

is the difference in visual ability, with men having significantly greater sensitivity for spatio-temporal changes and women with larger
peripheral view. For men it is probably related to their ancient role of hunters, whereas for women to their role of children protectors (and

hence able to control the presence of dangers in the surrounding environment) and fruit gatherers (also implying the ability of carrying
baskets on their head) [9]. So, their larger peripheral view and their cultural poise leaded to a more stable head during walking.
Psychological factors

The perception of a walking distance seems to be even more affected by psychological factors. In particular, the judgment of distance

can be affected by the position of a target, appearing greater when the target is near to the end of a hallway than when farther from its

end [10], or when the pathway is ascending and hence requiring more effort to be travelled [11]. Furthermore, when a gap is present on

the ground between subjects and target, they perceive the distance as longer than it really is [12]. Then, mental walking time increases
systematically when subjects carry a weight on their back, despite actual walking time does not vary [13]. Surprisingly, motor imagery
resulted more efficient outdoor than indoor, but it could be related to a role of the environment acting as a selective tuning between
different predictive versus feedback based locomotor strategies [14]. Hence, the altered perception of distance and time to achieve the

target, may in turn change the selected walking speed and related spatio-temporal patterns. Furthermore, these factors may also influence
the subjective perception of environment as in the case in which an observer has to judge the most suitable path to reach a target placed
at a certain distance [15].

It is surprisingly that during dual motor-cognitive task the influence is not reciprocal. By comparing the effects of interfering locomotor

and cognitive tasks, it was found that differences in gait speed did not affect the cortical resources needed for a spatial memory task,
whereas cognitive tasks may affect gait speed [16].
Steady physiological features of human gait

So, there is a number of psychosocial and cognitive factors that can affect the human gait, but, on the other hand, we must also dwell on

a couple of quite invariant parameters [1]. The first one is symmetry of locomotion reflecting the symmetry of our body. The coordination
between the two lower limbs, and also with the upper body, allows for synchronized, symmetric and rhythmic movements. It implies that
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the contralateral foot strike occurs at 50% of the gait cycle. This cycle is formed by a stance phase, in which the foot makes contact with the

ground, and a swing phase, in which the foot advances in the air [1]. Several studies showed a low variability of contralateral foot strikes,

and also of foot off timing among different walking conditions, suggesting that the proportion between stance and swing (60 - 62% versus
40 - 38%) is quite invariant in physiological comfortable human gait. Changing in 90% of walking speed leaded to a change in stance

phase of only 4%, as well as changing in 40 degrees of ground slope leaded to a change in stance of about 2% [1]. It was noted that the
proportion between stance and swing phase is close to the so called golden ratio, an irrational number (about 1.618034) already known

in ancient Greece and used by artists as a paradigm of beauty and harmony of proportions [17]. So, what is often called comfortable speed
of walking, could be related to comfortable harmony of walking, with a proportion found also in the game theory (in the psychological test
called Ultimatum game) as a possible best optimum solution [5].

Conclusions

In conclusion, despite walking has often seen as an automatic locomotor act, the role of our brain during gait deserves more attention,

with psychological, cognitive and cultural factors that may affect our way to walk. In particular, the modern pace of life seems to be a

determinant of the preferred walking speed, whereas the ancient gender difference between hunters and gathers seems at the basis of

the differences in trunk movements during walking between males and females. At the same time cognitive factors may play a role in
locomotor imagery as well as in altering the performance of dual tasks. Some other factors resulted more steady, such as walking in golden
ratio, but in turn this proportion may define the concept of comfortable walking even more than speed.

Bibliography
1.
2.
3.
4.
5.
6.
7.
8.
9.

Iosa M., et al. “The golden ratio of gait harmony: repetitive proportions of repetitive gait phases”. BioMed Research International (2013):
918642.
Takakusaki K. “Neurophysiology of Gait: From the Spinal Cord to the Frontal Lobe”. Movement Disorders 28.11 (2013): 1483-1491.

Hausdorff JM. “Gait dynamics, fractals and falls: finding meaning in the stride-to-stride fluctuations of human walking”. Human
Movement Science 26.4 (2007): 555-589.

Ijspeert AJ. “Central pattern generators for locomotion control in animals and robots: a review”. Neural Networks 21.4 (2008): 642653.

Iosa M., et al. “Golden Gait: An Optimization Theory Perspective on Human and Humanoid Walking”. Frontiers in Neurorobotics 11
(2017): 69.
Ebersbach G., et al. “Sociocultural differences in gait”. Movement Disorders 15.6 (2000): 1145-1147.

Levine RV and Norenzayan A. “The pace of life in 31 countries”. Journal of Cross-Cultural Psychology 30.2 (1999): 178-205.

Mazzà C., et al. “Gender differences in the control of the upper body accelerations during level walking”. Gait and Posture 29.2 (2009):
300-303.
Abramov I., et al. “Sex and vision I: spatio-temporal resolution”. Biology of Sex Differences 3.1 (2012): 20.

10. Riener CR., et al. “Seeing beyond the target: An effect of environmental context on distance perception”. Journal of Vision 5.8 (2005):
195.
11. Stefanucci JK., et al. “Distances appear different on hills”. Perception and Psychophysics 67.6 (2005): 1052-1060.
12. Sinai MJ., et al. “Terrain influences the accurate judgement of distance”. Nature 395.6701 (1998): 497-500.

13. Decety J., et al. “The timing of mentally represented actions”. Behavioural Brain Research 34.1-2 (1989): 35-42.

Citation: De Bartolo Daniela and Iosa Marco. “The Walking Brain: Factors Influencing Human Gait”. EC Psychology and Psychiatry 7.12
(2018): 960-963.

The Walking Brain: Factors Influencing Human Gait
963

14. Iosa M., et al. “Walking there: environmental influence on walking-distance estimation”. Behavioural Brain Research 226.1 (2012):
124-132.
15. Lappin JS., et al. “Environmental context influences visually perceived distance”. Perception and psychophysics 68.4 (2006): 571-581.

16. Beurskens R., et al. “Neural correlates of dual-task walking: effects of cognitive versus motor interference in young adults”. Neural
Plasticity (2016): 8032180.

17. Iosa M., et al. “Phi in physiology, psychology and biomechanics: The golden ratio between myth and science”. Biosystems 165 (2018):
31-39.

Volume 7 Issue 12 December 2018
©All rights reserved by De Bartolo Daniela and Iosa Marco.

Citation: De Bartolo Daniela and Iosa Marco. “The Walking Brain: Factors Influencing Human Gait”. EC Psychology and Psychiatry 7.12
(2018): 960-963.

