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ABSTRACT 

Some humans may prefer to use their right hand in writing or drawing, while some may prefer to use their left foot 

to shoot football on a target. Lateral preference is known as the predilection for the use of one side of the body 

over the other in humans. This study was done to investigate the relationship between hand and foot preferences 

and language dominance, as well as their sex-related differences in both sexes among University of Port Harcourt 

students. One thousand 1000 apparently healthy adult subjects (500 males and 500 females), were randomly 

selected and recruited for the study. Foot preference was assessed using the Waterloo footedness Questionnaire-

Revised (WFQ-R) and Hand preference was assessed using the Edinburgh handedness Inventory questionnaire 

(EHI). Language dominance was extrapolated from the established fact of left cerebral hemisphere dominance for 

several aspects of speech and perception in the majority of population. The sex-related differences in foot and 

hand preferences, and the association between foot preferences based on the hand preference were determined 

using the Chi- square analysis. All statistical analyses were performed with Statistical Product and Service 

Solution (SPSS) version 23.0 and the significance level was set at p<0.001. No significant sex- related difference 

was observed in the hand and foot preferences (P>0.001). It was observed that there was a statistically significant 

association between hand and foot preferences in males (X²=278.506, p<0.001). There was also, a statistically 

significant association between hand and foot preferences in females (X²=182.387, P<0.001). Language 

dominance was also associated with lateral preferences. This study has shown that gender may not necessarily 

affect lateralization, and the extent to which culture and ethnicity affect hand preference may vary from one 

community to the other, and hence the different incidences of hand and foot preferences that are seen. 
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INTRODUCTION 
The predilection for the use of one side of the 

body over the other in humans is referred to as 
lateral preference (Porac, 2019).  Some persons 
may be left-handed or right-handed while others 
may be left or right-footed (Brenda, 2016). This 
may involve the primary use of the left or right 
hemisphere in the brain. Studies  have  shown  
that theoretical  models  have  been  used  by 
various  researchers  to  explain  lateral  
preference  in the  genetic  theory (Francks, 2017). 
Knowledge of Hemispheric language dominance 
(HLD) is very relevant as it serves as a basis for the 
evaluation of transhemispheric language 
restitution after stroke.  Hemispheric language 
dominance HLD can be determined by 
intracarotid injection of amobarbital, but then, 
this is an invasive method (Wada, 2017). This 
technique carries a small but definite risk of fatal 
complications. Foot Preference is the natural 
preference of one's right or left foot for various 
purposes. While purposes vary, such as applying 

 
the greatest force in a certain foot to complete 
the action of kick as opposed to stomping. 
Footedness is most commonly associated with 
the preference of a particular foot in the leading 
position while engaging in foot or kicking-related 
sports, such as association football and kickboxing 
(Adams, 2018). Footedness means the foot a 
player uses to kick with the greatest skill and 
force. Most people are right-footed and they kick 
football with the right foot. Capable left-footed 
footballers are rare and therefore quite sought 
after. As rare are "two-footed" players, who are 
equally capable with both feet (Brenner, 2016).  In 
neuroanatomy, handedness is an individual's 
preferential use of one hand, which is referred to 
as the dominant hand. This is due to it being 
stronger, better or faster in dexterity. 
Comparatively the weaker or less dexterous hand 
is referred to as the non-dominant hand (Holder, 
2017). A genetic model which explained both 

hand usage and cerebral dominance has been 
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has been formulated (Annett, 1964).  

The  relationship  between  the  hemispheric  dominance  (HD)  
and  English  proficiency (EP) in the four macro skills of the college 
students of Western Mindanao State University has been studied 
(Ellis, 1985). It was  hypothesized  that  students’  HD  would  have  
a  significant  correlation  with  EP scores  in  each  of  the  four  
macro  skills  of  listening,  speaking,  reading  and  writing;  with  
their global  EP  score;  and  with  both  the  macro  and  global  EP  
scores  when  respondents would  be grouped according to age, 
gender and area of specialization. The study concluded that 
students’ hemispheric dominance did not affect their English 
proficiency both in the four macro skills and global level; 
however, it did influence their English proficiency when they were 
categorized according to age and area of specialization. 

Zinnur (2018) investigated the relationship among the hand, eye, 
and ear lateralizations and the sense of rhythm of the athletes 
who received training at different Departments in Ataturk 
University.  They observed that, there was no significant 
relationship between the eye and ear lateralization of the 
athletes and their rhythm perception and application skills; 
however, it was found that the sense of rhythm of the left-handed 
individuals was better than the right-handed ones with respect to 
the handedness. According to Rochele (2019), the left 
hemisphere of the brain controls this process.  

Despite the importance of knowledge of lateral preference and 
hemispheric language dominance among students in University 
of Port Harcourt, there is scarcity of literatures on lateral 
preference and hemispheric language dominance in students in 
University of Port Harcourt. This is the driving force behind this 
research. The aim of this study was to evaluate the relationship 
between lateral preference and hemispheric language 
dominance. The objectives were to determine the relationship 
between hand and foot preferences and language dominance. 
This study also seeks to determine if there are sex related 
differences in the use of hand and foot preferences. Finally, this 
study was done to determine the percentage of handedness and 
footedness among students in University of Port Harcourt.   

MATERIALS AND METHODS 

A total number of 1000 adult subjects (500 males and 500 
females) were randomly selected and recruited for this study. 
They were students in University of Port Harcourt, Rivers State, 
Nigeria, with no evidence of hand or foot deformity/injury.  

Hand preference determination 

The Edinburgh Handedness Inventory Questionnaire (EHI) 
(Oldfield, 1971) was used to determine hand preference. The 
respondents were asked 10 different questions which include: 
hand preference for (1) writing, (2) drawing, (3) throwing, (4) 
using scissors, (5) a toothbrush (6) knife (without fork), (7) spoon, 
and such activities involving both hands as (8) using a broom, (9) 
striking a match, and (10)Opening a Box(holding the lid). In the 
column related to the hand that they used to carry out the task, 
that is, right hand column (RH) and left-hand column (LH), they 

were instructed to put “1” in the related column and where the 
preference was so powerful that they would never use the 
unconventional hand, except when compelled to do so, they were 
instructed to put “2” in the related column, and if indifferent, to 
put a 1 in each column (1/1). 

The total of these points from each column was used to calculate 
the cumulative total (CT),(CT=RH+LH) and the difference 
(D),(D=RH-LH). The result (R) of Laterality Quotient was calculated 
using the formula R=D/CT×100 and interpreted as follows: Left 
Handed: R<-40; Ambidextrous:-40 ≥ R ≤+40); and Right Handed: 
R>+40). 

Foot preference determination 

The Waterloo Footedness Questionnaire (WFQ-R) (Elias et al., 
1998) was used to determine foot preference. The respondents 
were asked 10 different questions which include: (1) If you were 
asked to shoot a ball on target, which foot would you use to shoot 
the ball? (2) If you had to pick up marbles while standing and put 
them in a box which foot would you use? (3) If you had to stand 
on one foot, which foot would it be? (4) Which foot would you 
use to smooth sand while standing? (5) If you had to step up onto 
a chair, which foot would you place on the chair first? (6) Which 
foot would you use to stomp an insect while standing? (7) If you 
were asked to balance on a railway track, which foot would you 
use?  (8) If you had to hop on one foot, which foot would you use? 
(9) Which foot would you use to help push a shovel into the 
ground? (10) During relaxed standing, people initially put most of 
their weight on one foot, leaving the other leg slightly bent. 
Which foot do you put most of your weight on first? The data in 
the questionnaire were graded as follows; (1) left-always, (2) left-
usually, (3) equal, (4) right-usually, (5) right always, and were 
graded on a scale of -2 to +2. This provided a wide range of values 
from +20 for the most right-footed to -20 for the most left-
footed. Then, following Elias et al. (1998), the subjects were 
grouped into three; right-footed (+7 to+20), left-footed (-7 to -
20), and mixed-footed (-6 to+6). 

Language dominance determination 

Language dominance was extrapolated from the established fact 
of left cerebral hemisphere dominance for several aspects of 
speech and perception in the majority of the population (Hugdahi 
2000; friederici and Alter 2004;Friederici 2011; Hugdahi 2011; 
Corballis 2012; Ockienburg et al., 2014). 

Statistical method of analysis 

The sex- related differences in hand and foot preferences and the 
association between foot preferences based on the hand 
preference were determined using the chi-square analyses and 
was carried out with Statistical Product and Service Solutions 
(SPSS) version 23.0 and the significance level was set at p<0.001. 

RESULTS 

The result of the percentage handedness is shown in table 1. In 
males, 76.4% of the male subjects were right handed, 10.2% were 
left handed, 13.4% were Ambidextrous. In females, 79.60% of the 
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subjects were right handed, 5.2% were left handed, 15.2% were 
Ambidextrous. The result of the percentage footedness is shown 
in Table 2. In males, 71.6% of the subjects were right footed, 9.4% 
were left footed, 19% were mixed footed. In females, 76.8% of 
the subjects were right footed 6.4% were left footed, 16.8% were 
mixed footed. Table 5 shows the Foot preference distributions 
based on the hand preference for male subjects. It was observed 
that there was a significant difference P<0.001. Table 6 shows the 
Foot preference distributions based on the hand preference for 
female subjects. It was observed that there was a significant 
P<0.001 

Table 1: percentage handedness of Males and Females 

  N (%) 
 Males Females 

Right Handedness 382 (76.4) 398 (79.6) 
Left Handedness 51 (10.2) 26 (5.2) 
Ambidextrous 67 (13.4) 76 (15.2) 
Total 500 (100) 500 (100) 

 

Table 2: percentage footedness of Males 

  N (%) 
 Males Females 

Right footedness 358 (71.6) 384 (76.8) 
Left footedness 47 (9.4) 32 (6.4) 
mixed Footedness 95 (19) 84 (16.8) 
Total 500 (100) 500 (100) 

 
 
 
 
 
 
 
 
 
 
 

Table 3: Foot preference distributions based on the hand preference of Males 

Male Right footedness Left Footedness Mixed Footedness Total X²-Value P-Value 
  N (%) N (%) N (%) N (%)     

Right Handedness 323(84.56) 6(1.57) 53(13.87) 382(100) 278.506 0.001 
Left Handedness 7(13.72) 34(66.67) 10(19.61) 51(100)   
Ambidextrous 28(41.79) 7(10.45) 32(47.76) 67(100)     

 

Table 4: Foot preference distributions based on the hand preference of females  

Female  Right footedness Left Footedness Mixed Footedness Total X²-Value P-Value 
  n(%) n(%) n(%) n(%)     

Right Handedness 345(86.68) 13(3.27) 40(10.05) 398(100) 182.387 0.001 
Left Handedness 5(19.23) 14(53.85) 7(26.92) 26(100)   
Ambidextrous 34(44.74) 5(6.58) 37(48.68) 76(100)     

DISCUSSION 

There is a correlation between brain morphology and functional 
diversity of the brain (McManus and Bryden 1993; McManus et 
al., 2009). This has a genetic, embryological and neuroanatomical 
bases (McManus and Bryden 1993; McManus et al., 2009). 
Studies have shown that there is a pyramidal decussation that 
occurs in the corticospinal tract which brings about contralateral 
brain activities in the upper and lower limbs of humans (Nielsen 
et al., 2002). The hand and foot preferences in children aged 3 to 
5 years have been studied (Gabbard, 1992). It was observed that 
67% of the subjects were mixed footed and of the ambidextrous 
subjects, 32% were right-footed, 8% were left footed and 60% 
mixed footed. The present study differs with that of Gabbard 
(1992) in terms of the age of subjects. 

Barut et al.(2007) studied the foot preferences in relation to hand 
preferences and observed that 75.5% were right-footed, 7.1% 
left-footed, and 17.4% mixed footed in the right male handers, 
whereas in the ambidextrous male subjects, 44.0% were right 
footed ,28.0% left-footed, and 28.0% mixed footed. In the 

present study, it was observed that, 84.56% were right-footed, 
1.57% left-footed, and 13.87% mixed footed in the right male 
handers, whereas in the ambidextrous male subjects, 41.79% 
were right footed, 10.45% left-footed, and 47.76% mixed footed. 
Barut et al. (2007) observed in their study, that in the male left-
handers 32.3% were right footed, left-footed (56.9%) , and mixed 
footed (10.8%) .In the female right-handers, 89.9% were right-
footed, 1.2% left-footed, 8.9% mixed footed, whereas in 
ambidextrous women, 50.0% were right-footed, left footed 
(12.5%), and mixed footed (37.5%). In the present study, it was 
observed that, for the male left-handers 13.72% were right 
footed, left-footed (66.67%), and mixed footed (19.61%) . 

Barut et al.(2007) also studied female subjects and observed that, 
In the female right-handers, 89.9% were right-footed, 1.2% left-
footed, 8.9% mixed footed, whereas in ambidextrous women, 
50.0% were right-footed, left-footed(12.5%), and mixed 
footed(37.5%). In the female left-handers, right footed was 8.8%, 
left-footed (79.4%), mixed footed (11.8%). There was a significant 
relationship between these percentages in both sexes. 
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In the present study, it was observed that, the female right-
handers, 86.68% were right-footed, 3.27% left-footed, 10.05% 
mixed footed, whereas in ambidextrous women, 44.74% were 
right-footed, left-footed (6.58%), and mixed footed (48.68%). In 
the female left-handers, right footedness was 19.23%, left-footed 
(53.85%), mixed footed (26.92%). There was a significant 
relationship between these percentages in both sexes. The result 
in the present study have shown that there is a variation in the  
percentages of right footedness of the male and female right-
handers, left- footedness of male and female right-handers, 
mixed footedness of male and female right-handers, mixed 
footedness of both male and female left-handers and 
ambidextrous when compared to the values reported by  (Barut 
et al., 2007). The disparity between the two studies may stem 
from ethnic and genetics reasons.  

However, it is not out of place to suggest that right-handed 
individuals were more likely to show right foot preference and the 
converse is true for the left-handed individuals. When compared 
with the present study, Kang and Harris (2000) observed that out 
of the 88.8% of the right-handed individuals 8.4% were right-
footed, 2.7% mixed footed and 8.4% left-footed, whereas in the 
left-handed individuals 37.1% were right-footed, 62.9% left-
footed and that 100% of the ambidextrous were left footed. 
There were no reports documented concerning sex difference.  

Hatta et al. (2005), studied 329 right-handed individuals,  0.3% 
were left-footed, 79.3% right-footed 20.4% mixed-footed, while 
out of 8 left handed individuals, 12.5% were right footed, 50% left 
footed and 37.5% were mixed footed. The findings were 
inconsistent and the discrepancies seen could be attributed to 
the composition of the groups, cultural differences between the 
populations, and the sample size employed.  It is interesting to 
note that, culture and other environmental factors do not alone 
suffice for the explanation of observations from this study. 
Embryologically, there are other variables that influences the 
neuroanatomic arrangement in the brain even early in life 
(Hepper et al.1998). This may be possible explanation to human 
laterality. Geschwind and Galaburda (1985) opined that exposure 
to a higher rate of testosterone before birth can lead to a 
suppressed right handedness such that a left-handed child is 
born. According to their report, variation in the level of 
testosterone during pregnancy can shape the foetal brain 
development such that neurons in the left hemisphere of the 
cerebrum are suppressed in growth and the neurons in the right 
hemisphere of the cerebrum is well developed, take over the 
predominant functions of the cerebrum; thus making the person 
become left-handed person (Geschwind and Galaburda, 1985). 
This means that prenatal testosterone plays a significant role in 
brain organization (Elkadi et al.1999). Some authors have worked 
on relationship between language dominance, handedness and 
footedness in different countries (Elias and Bryden 1998; Knecht 
et al., 2000; Perlaki et al., 2013). They observed that, about 95% 
of right-handers show typical left-hemispheric language 
dominance (Elias and Bryden 1998; Knecht et al., 2000; Perlaki et 
al., 2013). In the present study, majority of the respondents were 
right handed and right footed, and this implies left hemispheric 
cerebral language dominance. 

Conclusion: This study has provided reference data for 
handedness and footedness in students in University of Port 
Harcourt. It will be useful to the neuroscientist, Anatomists and 
Biomedical Anthropologist. 

REFERENCES 

Adams T. (2018): Business Review Weekly skilful left-footer (a 
rare trait in soccer), his services are sure to be in demand. 29: 
28–29. 

Annett M. (1996): In defence of the right shift theory. [Review]. 
Percept Mot Skills. 82: 115–37. 

Barut, C., Murat, C., Sev’Inc,O., Gumus, M., and Yunten,Z. (2007) 
Relationships between hand and foot preferences. 
International Journal of Neuroscience. 177: 177-185. 

Brenda, A. (2016): "Hand-preference training in the mouse 
reveals key elements of its learning and memory process and 
resolves the phenotypic complexity in the  behaviour". 
Genome. 49 (6): 666–677.  

Corballis M.C. (2012): Lateralization of the human brain. 
Programme of Brain Research. 195: 103-121. 

Ehrenstein W. (2017): Eye preference within the context of 
binocular functions. Graefe's Archive for Clinical and 
Experimental Ophthalmology. 243 (9): 926–32.  

Elias L. J. and Bryden M. P. (1998): Footedness is a better 
predictor of language  lateralization than handedness. 
Laterality. 3(1):41-51. 

Elias L.J., Bryden M.P., and Bulman-Fleming M.B. (1998) 
 `Footedness is a better predictor than is handedness of 
emotional lateralization. Neuropsychologia.  36(1): 37–43.  

Elkadi, S., Nichols, M. E and Close, D. (1999): Handedness in 
opposite and same?sex dizygotic twins: Testing the 
testosterone hypothesis. Neuroreport Issue. 10(2): 333-
 336. 

Francks T. (2017): Lateral asymmetry of body use in Octopus 
vulgaris. Animal Behaviour. 64: 461-468. 

Frederici A.D. (2011) The brain basis of language processing: from 
structure to function. Physiological Review.91: 1357-1392. 

Frederici,A.D., Alter K. (2004): Lateralization of authority language 
functions: a dynamic   dual pathway model. Brain language. 
89: 267-276. 

Frost J.A., Binder J.R., Springer J.A., Hammeke T.A., Bellgowan 
P.S., and Rao S.M. (1999): Language processing is strongly left 
lateralized in both sexes. Evidence from  functional MRI. 
Brain. 122: 199–208. 

Gabbard C. (1992): Associations between hand and foot 
preference in 3-to 5-year-olds.  Cortex. 28(3):497-502. 

Geschwind, N. and Galaburda, A.M (1985): Cerebral lateralization 
Biological mechanisms, association and pathology. I. A 



Okoseimiema and Bob-Manuel: Lateral preferences and hemispheric language dominance 
 

5 
 

hypothesis and a program for research. Archive of  Neurology. 
42(5): 428-459. 

Handa, T. (2005): Effects of ocular dominance on binocular 
summation after monocular  reading adds. Journal of 
Cataract and Refractive Surgery. 31(8): 1588–92.  

Hatta, T., Into, Y., Matsuyama, Y. And Hasegawa, Y. (2005): Lower-
limb assymmeties in early and late middle age. Laterality. 10(3): 
267-277.  

Holder, M. (2017): What does Handedness have to do with Brain 
Lateralization (and who cares?).  

Hugdahi, K.  (2000):  Lateralization of cognitive processes in the 
brain. Acta Psychology. 105: 211-235. 

Hugdahi, K. (2011): Fifty years of dichotic listening research-still 
going and going and Brain Cognition .76:211-213. 

Kang, Y. and Harris, L. J. (2000): Handedness and footedness in 
Korean college students. Brain and Cognition. 43(1-3): 268-274. 

Knecht, S., Dräger, B., Depends, M., Bone, L., Lohmann, H., Flöel, 
A., Ringelstein, E.  B. and Henningsen, H. (2000): 
Handedness and hemispheric language dominance in 
 healthy humans.  Brain.  123: 2512-2518.  

McManus I. C. Nichols M. and Vallortigara G. (2009): Editorial 
commentary: Is LRRTM1 the gene for handedness? Laterality. 
14 

McManus I. C. and Bryden, M. P. (1993): The neurobiology of 
handedness, language and cerebral dominance. A model for 
the molecular genetics of behaviour. In: John, M. H. 
 (ed) Brain Development and Cognition: A Reader. Oxford 
Blackwell. 679-702. 

Nielsen, J. B., Tijssen, M. A., Hansen, N. L., Crone, C., Petersen, N. 
T., Brown, P., Van Dijik, J. G., Rothwell, J. C. (2002): 
Corticospinal transmission to leg motor neurons in  human 
subjects with deficient glycinergic inhibition. Journal of 
Physiology. 544(2): 631‑640.  

Ocklenburg S., Bestie C., Arming L., Petersburs L., and Güntürkün 
O. (2014): The ontogenesis of language lateralization and it's 
relation to handedness. Neuroscience  and Biobehavioral 
Reviews. 43: 191-198. 

Perlaki, G., Horvath, R., Orsi, G., Aradi, M., Auer, T., Varga, E., 
Kantor, G., Altbäcker, A., John, F., Doczi, T., Komoly, S., Kovacs, 
N., Schwarcz, A. and Janszky, J. (2013): White-matter 
microstructure and language lateralization in left-handers: a 
whole- brain  MRI analysis. Brain Cognition. 82: 319-
328.  

Porac, C. (2017): Is eye dominance a part of generalized 
laterality?. Perceptual and Motor Skills. 40 (3): 763–9.  

Porac, C. (2018): Is sighting dominance a part of generalized 
laterality? Percept. Mot. Skills. 40: 763-769. 

Rochele, P. (2019): Profiling by image registration reveals 
common origin of annelid mushroom bodies and vertebrate 
pallium. Cell. 142 (5): 800–809.  

Wada A. (2018): The measurement of hand preference: A 
validation study comparing three groups of right-handers. 
British Journal of Psychology. 87: 269-285. 

Zinnur, G. (2018): Hemispheric asymmetries in cerebral cortical 
networks. Trends in Neurosciences. 26 (8): 429–435.

 

 

 


