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Abstract

Lateralization manifests as a sensory or muscular preference. These preferences are often
crucial for (1) handedness calculation (determined by the Edinburgh Handedness Inven-
tory — EHI) and determination of self-reported handedness, (2) description of the rela-
tionship between handedness and different side preferences, specifically footedness,
eyedness and chewing side preference. Our sample consisted of 133 laterality and EHI
questionnaires filled in by healthy adults (self-reported 72 right-handed, 2 ambidextrous
and 59 left-handed). Results showed that self-reported and calculated handedness were
in a 100 % agreement for right-handers. There was an approximately 80 % agreement for
left-handers, as only 8 individuals were classified as ambidextrous, and 2 individuals
were classified as right-handers. There was a strong correlation between EHI activities
and handedness. Footedness and chewing side preference showed a moderate correla-
tion with handedness. Eyedness showed only a weak correlation. No significant sex dif-
ferences were found. In conclusion, a significant relationship between self-reported and
calculated handedness was found. Accuracy in categorizing handedness was 100 % for
right-handers and 80 % for left-handers. Writing and drawing showed the strongest cor-
relation with handedness, while eye preference had the weakest correlation. A crossed

laterality was found more in left-handed individuals.
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Introduction

Handedness (hand preference) is a widely studied area in anthropology because of its
biological and sociocultural impact on humans throughout their whole lives. Other
fields, such as evolutionary biology (McManus, 2022; Ocklenburg & Giinttirkiin, 2018b),
neuroscience (Kloppel, Mangin, Vongerichten, Frackowiak, & Siebner, 2010), psychiatry
and psychology (Dane et al., 2009; Ocklenburg & Giintiirkiin, 2018a; Van der Haegen,
Westerhausen, Hugdahl, & Brysbaert, 2013), use the informative value of handedness in

the context of their research or clinical practice.

Motor lateralization is the subject of much research and has been studied from many
perspectives (Dane et al., 2009; Papadatou-Pastou & Martin, 2017; Potdevin et al., 2023).
The preference for one or both hands (ambidexterity) is considered one of the manifesta-
tions of brain lateralization (Ocklenburg & Giinttirkiin, 2018c). The majority of the popu-
lation prefer to use the right hand for motor tasks and only a small percentage is left-
handed. The prevalence of left-handed individuals in the population varies from 9.3 to
18.1 %, with the average percentage of left-handers being 10.4 % (Papadatou-Pastou et
al., 2020). In terms of sex differences, left-handed individuals are more likely to be male
than female. This trend has been reported in many studies, but the percentage difference
between the sexes varies from 2 to 4 % (Oldfield, 1971; Papadatou-Pastou et al., 2020;
Porac & Coren, 1981).

Hand preference is controlled by the contralateral hemisphere of the brain. This means
that the left hemisphere is used to control the right hand and vice versa (McManus,
2022). However, the final hand preference could be influenced by many factors, includ-
ing genetics — a polygenic trait, molecular mechanisms (Brandler et al., 2013), epigenet-
ics (Schmitz, Metz, Glintiirkiin, & Ocklenburg, 2017), external factors such as culture
(Faurie et al., 2008; Teng, Lee, Yang, & Chang, 1976; Westmoreland, 2023) and/or a com-
bination of these. There is a degree of genetic contribution to final handedness, with
heredity estimated at 24 to 25 % (Medland et al., 2009; Somers et al., 2015). There are 41
loci associated with left-handedness and 7 with ambidexterity. Other associations relate
to the central nervous system and cellular pathways involved in the regulation of brain

morphology and microtubules (Cuellar-Partida et al., 2020).

Across populations and geographical areas, there are the same evolutionary mecha-
nisms for maintaining a ratio between right-handers and left-handers at 10:1 (Papada-
tou-Pastou et al., 2020). However, there are still cultural factors that may impact this ra-
tio by lowering the number of left-handed individuals (Fagard & Dahmen, 2004; Pa-

padatou-Pastou et al., 2020). Activities in which individuals were forced to use the right

© Slovene Anthropological Society 2024 66



hand usually included writing (Rubene, Daniela, & Medne, 2019; Vuoksimaa, Kosken-
vuo, Rose, & Kaprio, 2009) and eating (Fagard & Dahmen, 2004). Consequently, the per-
centage of left-handers may vary between different regions, and this percentage also dif-
fers from the average 10 % of left-handers especially in cultures with a high level of con-
formity. For example, studies have found that fewer than 6 % of Koreans (Jung & Jung,
2009), 3.98 % of Kharagpur Indians (Suar, Mandal, Misra, & Suman, 2013) and 3.5 % of
Chinese children (Teng et al., 1976) are left-handed.

Another activity controlled by one brain hemisphere is the preference for or one lower
limb/leg/foot (they represent the term—footedness), which is sometimes regarded as a
better predictor of hemispheric dominance than handedness (Elias & Bryden, 1998). This
may be due to less cultural pressure than in the case of handedness. A preference for the
right leg has been described in 79.9 % of cases (Muraleedharan, Ragavan, & Devi, 2019)
or in 90.2 % in another study (Cetkin et al. 2020), but compared to hand preference, there
were still fewer left-handed than left-legged individuals.

Several studies have shown that there is a significant correlation between hemispheric
laterality and chewing side preference, allowing chewing to be used to determine hemi-
spheric laterality (Khamnei et al., 2019; Serel Arslan, Inal, Demir, Olmez, & Karaduman,
2017). In 60 to 70 % of the population, the dominant side for chewing matches the domi-
nant side for handedness. The laterality for chewing hard types of food, such as nuts,
corresponds strongly with the preference for the side of the dominant hand (Khamnei et
al., 2019).

Another type of lateralization is sensory, which is expressed as a preference for using
one eye or ear. In humans, most visual information from one eye is processed in the con-
tralateral brain hemisphere (Jensen, Hougaard, Amin, Larsson, & Ashina, 2015; Toosy et
al.,, 2001). Right-eyed individuals show a larger left lateral occipital complex, and left-
eyed individuals have a larger right lateral occipital complex (Jensen et al., 2015). In the
average population with a right-/left-handed ratio of 10:1, the prevalence of individuals
with left eye dominance is 34.44 % for right-handers and 57.17 % for left-handers
(Bourassa, 1996).

In the context of biological anthropology, handedness can be associated with brain, skull
and facial morphology. However, this association does not depend on a simple relation-
ship between handedness and morphology alone. Other dominances related to the func-
tion of the relevant region usually contribute to the final result. This study focuses on
the questions of how variables included in the Edinburgh Handedness Inventory (EHI)

contribute to the calculated hand preference and what relationship there is between cal-
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culated and self-reported handedness. We expected that calculated handedness would
be more accurate, but self-reported handedness has the potential to be very reliable. Fi-
nally, we aim to describe the prevalence and relationships of the other dominances
(chewing side preference, eye preference, leg dominance) in left- and right-handed indi-

viduals.

Materials and methods

Our study was based on responses to the EHI along with an additional questionnaire
collected from 133 healthy adults from the Czech Republic and Slovakia, including 64
men and 69 women. The age range of the sample was from 18 to 63 years. Subjects in
this study were healthy, without any trauma, congenital diseases or malformations of
the hands and head. Individuals using specific medication, drugs and alcohol were also
excluded. No individual included in this study had switched from their natural domi-
nant hand to the other hand.

All subjects participated voluntarily, and all signed a written informed consent for the
study, including an agreement to long-term research. This study was approved by the
Institutional Review Board of Charles University, Faculty of Science, Prague, Czech Re-
public (No. 2022/17).

The questionnaire developed for this study (see Appendix) consisted of three sets of
questions. The first set included ten questions concerning the individual’s health status
and one-sided physical load. These questions provided information about operations,
injuries or congenital malformations involving the studied area. The second set com-
prised eight questions concerning the individual’s current and regular use of medication
or other substances. The last set of questions focused on side preferences for various ac-
tivities, where the subjects were offered the option to select both the dominant side and
the intensity of use. In this section, the first ten questions were based on the Edinburgh
Handedness Inventory (EHI) (Oldfield, 1971). The following three questions focused on
leg, eye and chewing side preferences and, in terms of methodology, were based on pre-
vious studies (Cetkin et al., 2020; Peters & Durding, 1979). The penultimate question ad-
dressed self-reported handedness and the last question dealt with any experience of
switching from the dominant hand to the other one during life (usually forced switch
from the dominant left hand to the right hand).
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Determination of handedness — EHI

Hand preference was assessed using the Edinburgh Handedness Inventory (EHI) (Old-
field, 1971). This questionnaire covers ten motor skills with respect to the intensity of use
of a particular hand and the answers are scored as follows: ‘strictly right’” = ‘2’, “more
right’ = 1", “without preference’ = ‘0’, ‘more left’ = ‘~1" or ‘strictly left’ = ‘=2’ (Table 1).
The scored responses (-2 to 2) were used to calculate the laterality quotient (LQ), which
represents the individual’s laterality. The LQ can vary from 100 to —100, while individu-
als with an LQ between 100 and 40 are defined as right-handed and individuals with an
LQ between —40 and —100 are defined as left-handed. Between these LQs there are am-

bidextrous individuals.
Table 1

Scoring system for responses to the EHI, Spearman correlation coefficient values and their inter-

pretation (strength of correlation).

EHI: EHI: Spearman correlation  Strength
scoring system for items intensity of use coefficient value of correlation
2 strictly right 1.00-0.80 very strong
1 more right 0.79-0.60 strong
0 without 0.59-0.40 moderate
preference
-1 more left 0.39-0.20 weak
-2 strictly left 0.199-0.01 very weak
0 no correlation

Determination of handedness - self-reported

Self-reported handedness was assessed with a question at the end of the questionnaire.
Individuals could choose to answer “right-handed”, “left-handed”, “ambidextrous” or
“other”. Respondents were also asked about their family history of left-handedness. If
they reported a family member as left-handed (meaning self-reported), we asked who

this person was.

Determination of footedness

Preference for one lower limb/leg/foot was assessed with one question included in the
questionnaire. Individuals were asked about their preference for kicking a football into a

goal. If the respondents were unsure of their preference, they were asked to perform the
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action. The classification was “strictly right”, “more right”, “without preference”, “more
left” or “strictly left”.

Determination of eyedness

A part of the laterality questionnaire was also one question concerning eye preference
(preferred eye for looking into a small aperture or microscope), with individuals choos-
ing from the options “right eye”, “both eyes” or “left eye”. Individuals who were unsure

of their preference were asked to look into a small aperture.

Statistical analysis

Descriptive statistical methods were used to evaluate the sample under study and the
results were collected in contingency tables. As the data did not meet the criterion of
normal distribution, Spearman correlation coefficients (Table 1) were calculated to de-
scribe the statistical strengths between handedness and activities according to the EHI.
The same method was used to calculate the statistical relationship between self-reported
handedness and handedness based on the EHI. These correlation coefficients were then
processed using the paired samples Wilcoxon test to show the presence or absence of
sexual dimorphism in the relationship between handedness and the individual activi-
ties. We calculated the Wilcoxon test for both self-reported and EHI-based handedness.
All statistical tests were calculated at o = 0.05. All statistical analyses were performed

using R software (R Core Team, 2019).

Results

Descriptive statistics showed that the group with self-reported laterality (Table 2) in-
cluded 72 right-handed, 59 left-handed and 2 ambidextrous individuals.
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Table 2

Descriptive statistics for self-reported and calculated laterality (laterality quotient) separately. L
= left-handed, R = right-handed, A = ambidextrous.

Self-reported: N = 133, male = 64, female = 69

R N % L N % A N %

72 59 2
Male 39 61.00% Male 25 39.10% Male 0 0.00%
Female 33 47.80% Female 34 49.30% Female 2 2.90%
Calculated laterality (laterality quotient): N = 133, male = 64, female = 69
R N % L N % A N %

76 49 8
Male 40 62.50% Male 22 3437% Male 2 3.13%
Female 36 52.17% Female 27 39.13% Female 6 8.70%

Across the whole data set (Table 3), 100 % of right-handed individuals were classified as
right-handed. In contrast, 83 % of left-handers were correctly classified as left-handed,

while 3.4 % of left-handers were incorrectly classified as right-handed. Finally, 100 % of

the ambidexters were classified as right-handed.

Table 3

A contingency table showing the numbers of self-reported handedness versus calculated handed-

ness for the whole dataset (without division into males and females). L = left-handed, R = right-

handed, A = ambidextrous. The sum of each row represents the total number of self-reported lat-

erality of individuals. The sum of each column represents the total number of calculated laterality

of individuals.

Whole dataset: N =133

Calculated laterality
Self-reported L A R
L 49 8 2
A 0 0 2
R 0 0 72

A contingency table for males (Table 4) shows that out of 25 self-reported left-handers,
the EHI classified 22 (88 %) individuals as left-handed, 2 (8 %) as ambidextrous and 1 (4
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%) as right-handed. Among males, there were no self-reported ambidexters, and there
was a 100 % correspondence between self-reported and EHI-classified right-handers.
The correlation between self-reported and calculated handedness for males was 0.96 (p-
value e-16), which is a very strong correlation. For females, the contingency table (Table
4) shows that out of 34 self-reported left-handers, the EHI determined 27 (79.4 %) indi-
viduals as left-handed, 6 (17.35 %) as ambidextrous and 1 (2.94 %) as right-handed.
Based on the EHI, 2 (100 %) ambidextrous females were classified as right-handed and
33 (100 %) right-handed females were classified as right-handed. For females, a very
strong correlation of 0.93 (p-value e-16) was found between self-reported and calculated

handedness.

In both sexes, the original self-reported individuals were divided after laterality calcula-
tion into left-handers, ambidexters and right-handers. Left-handers showed the greatest
variability in laterality determination: the majority of individuals (approximately 80 %)
in this group were classified as left-handed, then as ambidextrous (there were fewer cal-
culated ambidextrous males (8 %) than females — 17.65 %) and 1 person of each sex was
calculated as right-handed. Furthermore, 2 ambidextrous females were classified as
right-handed (100 %), while the most accurate classification was for right-handers, out
of whom 100 % were classified as right-handed. Overall, in both sexes combined, there
was a very strong correlation of 0.94 (p-value e-16) between self-reported and calculated

handedness.
Table 4

A contingency table showing the numbers of self-reported handedness versus calculated handed-
ness for males and females separately. L = left-handed, R = right-handed, A = ambidextrous. The
sum of each row represents the total number of self-reported laterality of individuals. The sum of

each column represents the total number of calculated laterality of individuals.

MALES FEMALES

Laterality: Calculated Laterality: Calculated

Self-reported L A R Self-reported L A R

L 22 (88%) 2(8%) 1(4%) L 27(79.4%) 6 (17.65%) 1(2.94%)
A 0 0 0 A 0 0 2 (100%)
R 0 0 39 (100%) R 0 0 33 (100%)
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Correlations between self-reported and calculated laterality with activities from the EHI,

lower limb, eye and chewing side preference for males and females separately are
shown in Table 5. A difference between the levels of correlation was found in throwing —
for females, there was only a strong correlation. Overall, there was a moderate correla-
tion for lower limb preference, but in males there was a weak correlation with calculated
laterality for this activity. The correlation between calculated laterality and chewing side

preference was also weak in females. Eye preference was significantly correlated only in

females, with a moderate level of correlation.

There were no significant differences between the sexes in the correlation between activ-
ity and laterality: self-reported laterality (p-value 0.93) and calculated laterality (p-value

0.65). This means that there was no difference between the sexes in the relationship be-

tween activity and laterality.

Table 5

Correlations, divided by sex, between self-reported versus calculated laterality and activities from

the EHI along with additional activities — preference for lower limb, eye and chewing side. SR =

self-reported handedness, LQ = laterality, CL = calculated laterality, pM = p-value for males, pF

= p-value for females, M = males, F = females.

Activity Correlation pM and pF Correlation pM and pF
with SR: M and F with CL: M and F

Writing 099 099 e-16  e-16 096 093 e-16  e-16
Drawing 0.99 0.97 e-16 e-16 0.96 0.94 e-16  e-16
Throwing 0.82 0.69 e-16 e-11 0.86 0.78 e-16  e-15
Scissors 0.73 0.77 e-11 e-14 0.78 0.79 e-14  e-16
Toothbrush 0.81 0.86 e-16  e-16 0.86 093 e-16  e-16
Knife (without fork) 0.91 0.82 e-16 e-16 0.97 0.91 e-16  e-16
Spoon 093 091 e-16  e-16 097  0.86 e-16  e-16
Broom (upper hand) 0.76 0.61 e-13 e-8 0.73 0.63 e-12 e-9
Striking a match 0.87  0.88 e-16  e-16 092 095 e-16  e-16
Box opening 0.66 0.64 e-9 e-9 0.72 0.70 e-11 e-11
Lower limb 0.50  0.57 e-5 e-7 030  0.58 e-6 e-7
Eye 020 047 012  e5 0.23 0.50 0.06 e-5
Chewing side 047  0.49 e-4 e-4 044  0.39 e-4 0.001
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Figure 1 illustrates data for the preferred side used for different activities in males. In
males there were no ambidextrous preferences for the writing and drawing activities.
The most variable activities in terms of side preference were chewing, box opening and
use of the upper hand for holding a broom. Almost 30 % of males reported using both
sides for chewing and a further 40 % reported using the right side. The second most
variable activity was box opening, with almost 25 % of males using both hands and 45 %
using the right hand. The preferred side for the upper hand to hold a broom was the
right hand in more than 40 % of cases and both hands in 20 % of cases. For other activi-
ties, there was a preference for both hands in up to 20 % of cases, with the right side be-

ing most often preferred in each activity.

In females (Figure 1), there were no ambidextrous preferences for drawing. The most
variable activities with respect to side preference were chewing, lower limb preference
and the use of the upper hand to hold a broom. The activity with the highest percentage
for both sides was chewing. Approximately 50 % of females used both sides without
preference for chewing, while almost 30 % of females preferred the right side. The sec-
ond most variable preference was the lower limb preference, with approximately 20 % of
females using both legs and more than 50 % of females preferring the right leg. The pre-
ferred upper hand to hold a broom was the right hand in approximately 35 % of cases,
while in 20 % of cases there was a preference for both hands. For other activities, prefer-
ences for both hands reached up to 20 % (usually about 10 %).

100%—
80%-
60% FEMALES
Left side
) Ambidextrous
40%- BRight side
20%— MALES
M Left side
Ambidextrous
0% . . . . ] | M Right side
& & N2 $ o
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Figure 1 Percentage of males and females (self-reported preference for one hand or both hands) for

each activity from the EHI, along with lower limb, eye and chewing side preference/dominance.
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Finally, we focused on crossed laterality (Table 6) between handedness and chewing
side, as well as foot side preference and eye side preference. The results showed that the
preferred side for chewing corresponded best to the dominant side for both calculated
and self-reported handedness in both sexes. However, there were a large number of in-
dividuals who preferred both sides for chewing: in left-handed females it was even
more (about 50 %) than preference for left-sided chewing (up to 40 %). Crossed prefer-
ence for handedness and chewing side was the greatest in left-handed males (20.0 %),

but in other groups, crossed laterality was present in less than in 20 % of cases.

For footedness, there was a preference for the same foot as for the hand in the majority
of the sample. However, there was a difference between left-handers and right-handers.
In left-handed individuals, the agreement between the preferred foot and the preferred
hand was between 50 and 60 %. A crossed hand/foot laterality (right hand and left foot
and vice versa) in males made up about 5 % in right-handed and about 40 % in left-
handed, but in females there was a prominent percentage of females with a preference
for both feet (approximately 20 % from each group of right and left-handers) and the
crossed laterality was therefore lower. Generally, for right-handers, there was an even
greater agreement with right-footedness (75-90 %). Crossed laterality for right-handers
was very low, with a maximum value of 5.1 %. Right-handed females were more likely

than males to prefer both feet.

Data on eyedness and handedness showed that the majority of left-handed individuals
had the same side preference for the eye and for the hand (52.0-66.7 %). A crossed eye/
hand laterality reached up to 36.2 % in males. A preference for both eyes was reported
by only approximately 10 % of individuals (maximum 13.7 %). Right-handed individu-
als manifested a greater overlap with right-eyed individuals than left-handed individu-
als (56.4-72.7 %). Similarly, right-handed individuals showed a greater overlap with
right-side-chewing individuals and right-footed individuals. The preference for both

eyes in right-handers was similar as in left-handers (maximum 12.8 %).
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Table 6

Numbers and percentages of preferred sides for chewing, preferred foot and preferred eye in left-

handed, right-handed and ambidextrous individuals. A crossed laterality for the relevant activi-

ties is also shown. N = number of individuals; % = percentage of individuals; M = males; F =
females; L = left-handed; A = ambidextrous; R = right-handed, Side (L = left, B = both, R = right)

= preferred side for chewing, leg use and eye use.

Calculated handedness

Self-reported handedness

MALES FEMALES MALES FEMALES
Side N % N % N Y% N %
Chewing L L 9 40.9 10 37.0 10 40.0 11 324
g 9 40.9 13 482 10 40.0 19 55.9
4 18.2 4 14.8 5 20.0 4 11.7
A L 0 0.0 4 16.6 0 0.0 0 0.0
g 1 50.0 5 83.3 0 0.0 2 100.0
1 50.0 0 0.0 0 0.0 0 0.0
R L 5 12.5 4 1.1 4 10.3 4 12.1
g 6 15.0 15 417 6 15.4 12 36.4
29 72.5 17 472 29 74.3 17 51.5
Footedness L L 13 59.1 15 55.6 14 56.0 18 52.9
g 1 4.5 6 22.2 1 4.0 6 17.7
8 36.4 6 22.2 10 40.0 10 29.4
A L 1 50.0 3 50.0 0 0.0 1 50.0
g 0 0.0 0 0.0 0 0.0 1 50.0
1 50.0 3 50.0 0 0.0 0 0.0
R L 2 5.0 1 2.8 2 5.1 0 0.0
g 2 5.0 8 22.2 2 5.1 7 21.2
36 90.0 27 75.0 35 89.8 26 78.8
Eyedness L L 12 54.5 18  66.7 13 52.0 21 61.8
g 3 13.7 3 1.1 3 12.0 3 8.8
7 31.8 6 22.2 9 36.0 10 29.4
A % 1 50.0 2 333 0 0.0 0 0.0
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0.0 0 0.0 0 0.0 0 0.0
1 50.0 4 66.3 0 0.0 2 100.0
R L 12 30.0 7 19.5 12 30.8 6 18.2
g 6 12.5 3 8.3 5 12.8 6 9.1
23 57.5 26 722 22 56.4 24 72.7

Discussion

Handedness and other body lateralities are widely studied in different research areas
due to their association with mental disorders, language, or morphology (Cetkin et al.,
2020; Dane et al., 2009; Ocklenburg & Giinttirkiin, 2018d). There are many types of in-
ventories for assessing handedness, such as the EHI (Oldfield, 1971), the Annett Hand
Preference Questionnaire (Annett, 1970) or the Waterloo Handedness Questionnaire
(Elias, Bryden, & Bulman-Fleming, 2019).

The EHI was developed for very quick, informative, and inexpensive screening of the
population. This method enables determination of the dominant hand, and it should be
more accurate than self-reported hand preference (Oldfield, 1971). These are the main
reasons why Oldfield’s (1971) original EHI was used in this study. There is a Czech ver-
sion of this inventory (Komarc & Harbichovd, 2012), which suggests using only six vari-
ables from the original EHI (the activities of writing, using a knife, holding a broom and
box opening can be excluded without compromising the quality of the results). Howev-
er, our results showed a very strong correlation of handedness with writing and knife
holding. As mentioned by Annett (1970) and Perelle and Ehrman (1994), writing is also
an activity used for self-reported handedness, so it was essential to keep it in the inven-
tory. Broom holding and box opening had a lower correlation coefficient with handed-

ness, but this relationship was still significant and strong.

Self-reported versus calculated laterality

Reif et al. (1998) have suggested that self-reported handedness could be a possible way
of assessing handedness; however, it is a robust way of handedness assessing and the
best agreement between calculated and self-reported handedness was shown for right-
handed females. Our study found a 100 % match between self-reported and calculated
handedness in both right-handed males and females. Left-handed individuals were clas-

sified correctly in approximately 80 % of cases (79.4 % of females and 88 % of males),
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and both the two ambidextrous females participating in our study were classified incor-
rectly as right-handed. These results suggest that self-reported handedness is a sufficient
way to quickly determine an individual’s laterality, but it is only accurate for right-
handed individuals. For left-handers, there is a 20 % chance that the result will be incor-
rect, and there is a very high probability that ambidexters will be classified differently to
by self-report. On the other hand, there is a meta-analysis by Papadatou-Pastou et al.
(2008), which has found a different discrepancy between self-reported and measured
handedness for right-handers and left-handers, achieving more accurate results in left-

handed individuals, in contrast to our results.

Cultural influence

In humans, handedness is not only a physical trait but also a cultural trait, and when as-
sessing lateralities, it is important to be aware of how the individual’s culture approach-
es handedness or other side preferences (Dragovié, Badcock, Sanja, Gregurovié, & Sram,
2013; Kushner, 2013). In central and eastern Europe, where the Czech Republic and the
Slovak Republic are located, it was customary to enforce the use of the right hand (espe-
cially for writing and drawing) in schools until the 1970s. However, in many families, it
was common to make children switch to using the right hand even later on (Dragovi¢ et
al., 2013). In terms of methodology, this calls for focusing at least one question on the re-
spondent’s handedness or hand preference in childhood or about original handedness.
From our data, 16 individuals were excluded because they were forced to switch from
dominant left-handers to right-handers during school years, even though they were
born after the seventies. A similar trend was observed among Asian children living in
the United States, where 6.5 % of left-handed individuals were found (Haryck, Gold-
man, & Petrinovich, 1975). This rate was over 3.5 % in Chinese children at almost the
same time (Teng et al., 1976). The percentage of Asian left-handers living in the United
States was higher than Asian left-handers living in Asia, but it was still not about the
usual 10 % (Papadatou-Pastou et al., 2020). This may suggest that families and absorbed
culture have an influence on handedness even in an environment open to left-handers.
Another example can be the Indian population, where only 3.2 % of children aged from
4 to 11 years showed a preference for the left hand in comparison to a French study with
9.6 % of left-handed children. In a group of individuals from 6 to 18 years of age, the
prevalence of left-handers in India was 4.2 % (Singh, Manjary, & Dellatolas, 2001). For
studies aiming to examine the origin of laterality, functional manifestations of laterality

or brain morphology, it is necessary to know whether the individual switched hands or
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not. As Kloppel et al. (2010) have stated, there are structural changes in the primary sen-
sorimotor cortex and basal ganglia in individuals who have switched. Therefore, these

individuals should be assessed separately.

Another source of bias in handedness studies can be the use of tools (Flatt, 2008; Wenze
& Wenze, 2004). The EHI includes specifically the use of a spoon and scissors. For a
spoon, there may be a similar pattern as with writing and drawing — learning to hold the
spoon with the right hand, as is usual for right-handers. However, only 3 individuals
(excluded from the study) added the information that they had to use their right hand
instead of their preferred left hand during childhood. The use of the spoon itself was
very strongly positively correlated with handedness, which shows that this variable is
reliable in the handedness inventory, despite the possible cultural influence (which must
be taken into account). For scissors, it is possible that many left-handers use their right
hand for this activity because scissors are mostly made for right-handers. This could
lead to naturally left-handed children learning to use their right hand if their hand pref-
erence was not taken into account during their preschool and school years (Wenze &
Wenze, 2004). Despite this problem with the use of scissors, our results showed a strong

correlation with handedness for both sexes.

Chewing side preference

Chewing side preference is associated with brain lateralization (Nissan, Gross, Shifman,
Tzadok, & Assif, 2004; Serel Arslan et al., 2017), but results from different studies are not
consistent. This inconsistency may be due to differences in dental health, undergone
procedures and general condition of the oral cavity. All these factors can affect chewing
patterns throughout life (Diernberger, Bernhardt, Schwahn, & Kordass, 2008). Our re-
sults are in partial agreement with the results from a study by Athab Abduljabbar et al.
(2022), where the authors found that most participants chewed bilaterally. In our study,
bilateral chewing was found in females (about 50 %), while in males, right-side chewing
was slightly more frequent, which is consistent with Nissan et al. (2004), whose study
participants were also right-handed. The right-handed individuals in our study, espe-
cially males, mostly also tended to chew on the right side. The percentage of crossed
hand/chewing laterality was relatively low, with a maximum of 20 %. However, there
were many females in each category of handedness with a preference for both sides
(about 50 %). The fact that chewing side preference is a manifestation of brain laterality
is apparent in studies where this preference significantly correlates with other known
lateralities (Nissan et al., 2004; Serel Arslan et al., 2017). We found a statistically signifi-
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cant moderate correlation of chewing side preference with self-reported and calculated
handedness, apart from calculated handedness in females, where the correlation was
weak. This suggests that there is a significant relationship with the classic representative
of brain laterality, despite the findings of Athab Abduljabbar et al. (2022), who found no
correlation between objectively assessed chewing side preference and handedness. This
discrepancy in the results may be due to different methodological approaches, though
more studies have found results similar to ours. Furthermore, chewing side preference is
connected with chin morphology, where the volume of the chin is larger on the side op-
posite to the preferred chewing side (Heikkinen, Vuollo, Harila, Sidlauskas, & Heikki-
nen, 2022).

Footedness

Preference for one foot or leg is considered a manifestation of dominant brain hemi-
sphere lateralization (Elias & Bryden, 1998). Despite the fact that motor control of the
foot is also influenced by peripheral motor control (Kato & Asami, 1998), it may be a bet-
ter measure of brain lateralization than handedness, which could be strongly influenced
by the individual’s culture (Akabalieva, 2023). This makes footedness a better predictor
of language function than handedness (Elias & Bryden, 1998). A study by Carey et al.
(2001) has observed that for motor performance, the right foot is dominant in more than
75 % of cases. However, Akabalieva (2023) found that there were more left-footed (as
well as left-eyed) individuals in the group of patients with schizophrenia than in the
control group. Our results showed a moderate correlation with handedness (and only a
weak correlation with calculated handedness in males). This suggests that there is a sta-
tistically significant relationship between handedness and footedness, but it is not a
strong one. It is therefore unclear whether footedness is a better predictor of brain later-
ality. Nevertheless, the different existing methods (Sulzbacher, Thomson, Farwell,
Temkin, & Lu Holubkov, 1994) for assessing laterality in terms of footedness and hand-
edness could play a role in deciding which laterality manifestation is the better marker
of true laterality. In this study, we decided to use the task of “kicking into a goal” be-
cause this task was referred to in many studies (Cetkin et al., 2020; Sulzbacher et al.,
1994; Van Melick, Meddeler, Hoogeboom, Nijhuis-van Der Sanden, & Van Cingel, 2017).
Furthermore, a study by Van Melick et al. (Van Melick et al., 2017) reported a 100 %

agreement of this task with self-reported footedness, unlike other activities.

The number of individuals with a dominant right foot was greater than the number of

individuals with no foot preference or with a left-foot preference, which is consistent
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with a study by Carey et al. (2001). Crossed hand/foot laterality was not very common,
especially so in right-handed males, where the side of the dominant hand and foot
matched in 75-90 % of cases. In left-handers, there was a greater rate of individuals with

crossed hand /foot laterality.

Eyedness

The relationship between eyedness and handedness has been studied for a long time
(Bourassa, 1996; Cetkin et al., 2020; Dane et al., 2009). A meta-analysis by Brourassa
(1996) has found that there are more left-eyed individuals in the group of left-handers
than in the group of right-handers, and there is no sex difference in the incidence of eye-
dness or in the association between handedness and eyedness. Our results showed a
weak association between eyedness and handedness in females and no significant asso-
ciation between these two preferences in males. We also found no sex differences in the
association between eyedness and handedness. From a clinical point of view, a study by
Dane et al. (2009) discussed an association of schizophrenia prevalence with handedness
and eyedness. The study found that compared to the control group, there were more
schizophrenia patients with mixed handedness, and in males there was a higher rate of
crossed eye/hand laterality in left-eyed individuals. Similar results, with more left-eyed
individuals, were reported also in a study by Akabalieva (2023). Our results showed that
there was a predominance of non-crossed eye/hand laterality (52-72.7 %), while crossed
eye/hand laterality was present in a maximum of 36 % of cases (left-handed males).
These results are consistent with Annett and Turner (Annett & Turner, 1974). Females
showed a lower percentage of crossed eye/hand laterality than males, which corre-
sponds to the findings of Dane et al. (Dane et al., 2009), who suggested that these differ-

ences could be related to sex.

Conclusion

In conclusion, the study of handedness, footedness, eyedness and chewing side prefer-
ence is an important topic in biological anthropology. These traits originate from a con-
genital preference for one dominant brain hemisphere and are very often associated
with language disorders or schizophrenia, which originates from the same dominant
hemisphere. An activity such as chewing side preference is linked with functional adap-
tation of the craniofacial complex and could be significant from a biomedical point of
view. The present study showed that self-reported handedness could be a good predic-

tor of true handedness in the case of right-handed individuals. For left-handers there
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was a mismatch in approximately 20 % of cases, and self-reported ambidexters were in-
correctly classified as right-handers. Individual items on the EHI were significantly as-
sociated with true handedness. Eyedness (in females only), footedness and chewing side
preference were associated with handedness mostly with a statistical significance,
though the correlation was only moderate. Additionally, eyedness was not associated
with handedness in males. We also found that the best match was between the preferred
side for chewing, foot or eye and the dominant hand. However, crossed lateralities of
hand/eye, hand/foot and hand/chewing side are more common in left-handed indi-

viduals, and preference for both sides in chewing is more common in females.
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Appendix

Additional information:

Sex: Age: Birthplace: Nationality: Left-handers in family (who):
ANO

1+ Hormonal disorders (growth, thyreopathy, etc.): YES NO

2 ¢ Doing sports: Which sport do you do? From what age? YES NO

3 < Have you ever had braces? If YES, write the age YES NO

PEIIOA. e,

4 e+ Have you had any injury of an upper limb in the past? If YES, which one + age? YES NO

5 e+ Have you had any surgery of an upper limb in the past? If YES, which one + age? YES NO

6 + Have you undergone physiotherapy or rehabilitation in childhood? YES NO

If YES, which one + age? (torticollis, etc.)

7 e+ Do you have any congenital facial malformation? YES NO
If YES, which one?

8 +Do you have any congenital upper limb malformation? YES NO
If YES, which one?

9 e« Have you had any head/teeth injury in the past? (fracture, injury with long-term YES NO
If YES, which

10 e« Have you had any head/teeth surgery in the past? (fracture, injury with long-term YES NO
If YES, which

Current and regular use of medication or other substances:

1  + Hormonal contraception: YES NO 5 < Anabolic steroids: YES NO

2+ Hormonal medication: YES NO 6  * Regular use of alcohol: YES NO

3 e Cytostatics: YES NO 7+ Smoking: YES NO

4 + Immunosuppressive YES NO 8 < Regular use of other YES NO

Side preferences (R++ = strictly right, R+ = more right, 0 = without preference, L— = more left, L—— = strictly

Activity: Dominant side for activity:

1 Writing L R BOTH

2 e+ Drawing L R BOTH

3 e Throwing L R BOTH

4 e Scissors L R BOTH

5 ¢ Toothbrush L R BOTH

6 ¢ Knife (without fork) L R BOTH

7 e+ Spoon L R BOTH
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8+ Broom (upper hand) L R BOTH

9 e Striking a match L R BOTH
10 * Opening a box/lid L R BOTH

11 + Dominant lower limb (kicking a ball) L R BOTH
12+ Dominant eye (preferred eye for looking into a microscope) L R BOTH
13+ Dominant chewing side? L R BOTH
14 « What is your handedness? Left-handed Right- Ambidextrou Other
15 e Switched from ............................. handto ..........ocooiiii hand.

Povzetek

Lateralizacija se kaze kot senzori¢na ali misi¢na preferenca. Te preference so pogosto
klju¢ne za (1) izra¢un ro¢nosti (dolo¢en z merilno lestvico Edinburgh Handedness In-
ventory — EHI) in dolo¢itev samoocene ro¢nosti, (2) opis razmerja med ro¢nostjo in ra-
zliénimi stranskimi preferencami, zlasti prednost nog, o¢i in Zvecenja. Vzorec dane
raziskave izhaja iz 133 vprasalnikov o lateralnosti in EHI, ki so jih izpolnili zdravi
odrasli (po lastni oceni 72 desnicarjev, dva obojero¢na posameznika in 59 levicarjev).
Rezultati so pokazali, da sta se samoocena in izra¢unana levoro¢nost pri desnicarjih 100-
odstotno ujemali. Pri levicarjih je bilo priblizno 80-odstotno ujemanje, saj je bilo le osem
posameznikov razvrséenih kot obojero¢nih, dva posameznika pa kot desnicarja. Med
dejavnostmi EHI in ro¢nostjo je bila mocna korelacija. Preferenca nog in Zvecilne strani
je bila zmerno povezana z ro¢nostjo. O¢esnost je bila le §ibko povezana. Pomembnih raz-
lik med spoloma nismo ugotovili. Zaklju¢imo lahko, da obstaja pomembna povezava
med samooceno in izra¢unano ro¢nostjo. Natancnost pri kategorizaciji ro¢nosti je bila
100 % pri desnicarjih in 80 % pri levi¢arjih. Pisanje in risanje je bilo najbolj povezano z
roc¢nostjo, medtem ko je bila korelacija z o¢mi najSibkejsa. PrekriZana lateralnost je bila

bolj prisotna pri levicarjih.

KL]UCNE BESEDE: rocnost, lateralnost, stranska preferenca, ¢lovek
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