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ABSTRACT

Aims: Mobile/cell phone use has become an important socio-medical means of communication.
The reason people use a particular ear to answer phone calls more frequently may be associated
with hemispheric dominance/ handedness. We aim to determine association between hemispheric
and or auditory dominance in laterality in mobile phone use.

Study Design: This was a three month prospective cross-sectional study involving all consenting
medical and paramedical respondents.

Place and Duration of Study: Hospital community in the University of Benin Teaching Hospital
(UBTH), Benin City , between 15" March to 15" June 2018.

Method: A modification of the Edinburgh handedness inventory (EHI) was the survey tool.
Information retrieved included social demographics, hand most commonly used for activities like
writing and picking of phone calls and ear used for phone conversation and the reasons. Data was
analyzed using SPSS 19.0

Results: Of the 300 questionnaires distributed, 234 (78%) were completed by the respondents.

*Corresponding author: E-mail: ngozi.onyeagwara@uniben.edu, carol4u2k6@yahoo.ca;
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use both hands.

preference.

ear is 0.99 or 99%, Vis a Vis left hander.

when using the mobile phone.

There were 120(51.3%) males and114 (48.7%) females. Age ranged from 18 - 80years. A total of
201(85.9%) were right handed, 16(6.8%) left handed and 14(6.0%) ambidextrous. One hundred
and fifty four (66%) routinely use their right hand to pick phone calls, 50(21.4%) left and 27 (11.5%)

A total of 141(60%) receive calls with the right ear, 60 (25.6%) with left, and 31(13.2%) had no
Reasons advanced for the use of any particular ear included convenience 173
(73.9%), and better acuity 35(15%). Forty two (17.9%) agreed that the use of cell phone made
them aware of their poor hearing in a particular ear. Using Pearson’s two tailed test of significance
the probability of a right hander using the right hand to pick a phone call and placing it on the right

Conclusion: There appears to be an association between hemispheric dominance and laterality

Keywords: Hemispheric dominance; auditory acuity; cell phone; handedness.

1. INTRODUCTION

The mobile phone has become one of the most
frequently used technological innovations in
contemporary times. Its use has gone beyond
“call and respond” to include sophisticated
appliances for multi-tasking with devices such as
cameras, storage, and internet access for
information and has found increased use in
medicare. Mobile phones have various
applications which have been found useful in the
healthcare sector. It's use in improving outcomes
in the management of cancer in Nigeria has been
documented [1]. Ibekwe et al found the use of
mobile phones application (android boyl)
comparable to digital sound level meter in the
measurement and  monitoring  of  the
environmental noise level in Abuja, Nigeria [2].
The use of mobile phone application for
screening for hearing threshold is well
documented.[3,4] Accordin% to Industry statistics,
in 2014, Nigeria ranked 7" in the world by the
number of mobile phone in use [5] and the
number of active mobile phone lines in Nigeria
rose to 146 million in January 2018, according to
the country’s communications commission
(NCC).[6] With so great a number of mobile
phones in Nigeria, the question is what
determines how mobile phone calls are received
and the ear with which calls are most likely to be
received? Does a person’s handedness, auditory
dominance or convenience determine how they
receive their phone calls? These are questions
that this study seeks to answer.

The Neuropsychologist Roger W. Sperry
developed the right brain - left brain theory in
1960. He believed that the human brain has
either right or left sided dominance and that each
side of the brain controls different types of
thinking [7]. Some individuals utilize both sides of

their brains equally, but most people have a
greater tendency to think in a certain way. Ever
since then a lot of research on functionality of the
brain had been carried out using various
methods such as magnetic resonance imaging,
and positron emission tomography (PET)
[8-10],0thers have determined language
laterality using a combination of PET and
magnetoencephalographic scans [11]. A study
using functional magnetic resonance imaging
data showed functional language lateralization to
the left hemisphere in right-handed individuals
[12]. However, Knecht et al postulated that the
distribution of left hemispheric dominance ( LHD)
varied with the degree of handedness; the more
right-handed the individuals, the lower the
relative incidence of right-brain dominance and
vice versa [13].

The aetiology of handedness is multifactorial.
Hepper GP et al had proposed a prenatal cause
after studying foetuses in utero and determined
that handedness in the womb was a very
accurate predictor of handedness after birth [14].
In a 2013 study, Nelson et al showed 39% of
infants aged 6 to 14 months and 97% of toddlers
aged 18 to 24 months demonstrated a hand
preference [15]. It has also been observed that
handedness displays a complex inheritance
pattern in that if both parents of a child are left-
handed, there is a 26% chance of that child
being left-handed [16]. A large study of twins
from 25,732 families by Medland et al, indicated
that the heritability of handedness is about 24%.
[17]. Diethylstilboestrol animal studies suggest
that oestrogen affects the developing brain
including the part that governs sexual behaviour
and right and left dominance [18]. Dieterich et al.
suggested that asymmetry of the vestibular
cortex is strongly correlated with the direction of
handedness [19]. Ultrasonography used to check
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on the healthy development of the foetus and
mother during pregnancy has been associated
with  left-handedness [20]. Whatever the
aetiology of handedness, it is estimated 70-95%
of people globally are right handed while less
than 10% are left handed [21,22]. Pointer et al
showed a direct correlation with handedness and
eye dominance in right-handed children. In his
study, the left-handed individuals were also more
likely to display right eye preference [23]. Marzoli
and Tommasi on the other hand performed 3
observational studies to determine ear
preference. Their study found that 58% of
participants responded positively to a request if
the request were made in their right ear, and they
also found that 72% of the time a person will
present their right ear to hear speech [24].
Seidman MD et al reported an association
between hand dominance and laterality of cell
phone use (73%) and the ability to predict
hemispheric dominance [25]. He concluded that
most right-handed people have left-brain
dominance and wuse their cell phone in
their right ear. In a recent study Shu et al
stated that regions with leftward asymmetries are
mainly related to language, visual processing,
and sensory functions [26].

1.1. OBJECTIVE

This study seeks to explore the association, if
any between handedness and auditory
dominance in the use of mobile phone in our
environment (UBTH) as an avenue to inquire into
what is obtainable in the general population
using a modified Edinburgh Handedness
Inventory (EHI) [27].

2. METHODOLOGY

This was a three month (1% March- 30" June
2018) prospective cross-sectional descriptive
study using a modified Edinburgh Handedness
Inventory (EHI) [27]. A total of 300
questionnaires  were  distributed to 300
respondents who consented to participate in the
study. These questionnaires were distributed
during the weekly hospital departmental clinical
meetings which have in attendance different
cadres of health workers. Questionnaires were
also distributed to respondents in the wards,
laboratories and offices within the University of
Benin Teaching Hospital (UBTH) Nigeria where
phone use is very common for medical care and
communication. Questionnaire included sample
questions such as which hand is routinely used
for activities like writing and picking up objects,
which hand do you use most times to make or
answer phone calls, which ear do you use for
phone conversation, what is/are the reason/s
for the answers, if one ear functions better, if use
of mobile phone helped discover which ear
functions better. The responses to these
questions formed the data which was analysed
using descriptive statistics on SPSS 19.0,
Pearson’s two tailed test of significance for our
correlation and results presented in figures and
tables.

3. RESULTS AND DISCUSSION

A total of 234 (78%) out of the 300
questionnaires were completed and returned.
Age ranged from 18- 80years with a peak of 31-
40 years (47.9%).Fig.1 show age distribution of
respondents.

AGE DISTRIBUTION
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Fig.1. Age distribution of respondents
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There were 120 (51.3%) males and 114 (48.7%)
females as shown in Fig. 2.

Response to dominant hand shows 201 (85.9%)
respondents were right handed, 16 (6.8%) were
left handed and 14 (6.0%) were capable of using
both hands proficiently (ambidextrous) as shown
in Table 1.

In response to the question as to which hand is
routinely used in picking up the phone for
conversation, 155 (66%) picked their mobile

the left hand and 27 (11.5%) claimed they had no
hand preference.

In response to the question on the ear used
frequently for phone conversation, 141 (60.3%)
received calls with their right ears, 60 (25.6%)
with the left ear and 31 (13.2%) had no ear
preference.

Fig. 3 showed that for the right- handed
respondents, 141 (70.2%) were likely to pick their
calls with the right hand, 21 (10.45%) with the left

phones with the right hand, while 50 (21.4%) use hand and 36 (17.9%) use both hands.
SEX
B MALE
B FEMALE

Fig. 2. Sex distribution of respondents
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right left

both
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Fig 3. Hand and ear used for mobile phone for right handers
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In response to which ear they were likely to use
to listen to a phone call, 131 (65.2%) of them
were likely to receive calls with the right ear,
while 46 (22.9%) receive phone calls with the left
ear and 22 (10.9%) receive with either of their
ear without any preference. Fig 4.

For the 16 (6.8%) left handed respondents in the
surveyed population, 11 (68.75%) pick calls with
their left hand, and 5 (31.5%) pick calls with their
right hand. Also 10 (62.5%) would converse with
the left ear, while 4 (25%) routinely converse with
the right ear, and 2 (2.5%) converse with either
ear. This is illustrated in Fig. 4 below.

For the ambidextrous, 6 (42.9%) pick calls with
the right hand, while 3 (21.43%) pick calls with

the left hand, and 5 (35.71%) use either hand to
pick calls. Of these, 5 (35.7%) converse with the
phone held to the right ear, while 4 (28.6%)
converse with the phone held to the left ear and
5 (35.7%) converse with the phone held to either
ear as shown in Table 2.

Inquiry on reasons for their preference of a
particular ear showed that 173 (73.9%) of the
respondents did that for convenience, while
38 (16.2%) chose a particular ear for clarity.

Data on when it was noticed that one side of the
ear was clearer showed 52 (22.2%) had
discovered their hearing deficiency when they
began using mobile phones while 28 (12%) had
notice a decrease in their hearing acuity before

70 A
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Fig 4. Hand and ear used for mobile phone for left handers

Table 1. Response to dominant hand

Frequency Percent

No response 3 1.3
Right 201 85.9
Left 16 6.8
Both 14 6.0
Total 234 100.0

Table 2. Hand and ear use for the ambidextrous

Both dominant hands people

Preference Hands Ear side
Right 42.86 35.7
Left 21.43 28.6
Both 35.71 35.7
no response 0 0
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the onset of using mobile phone. In response to
the question about whether the use of mobile
phone has help in detecting the better ear, 17.9%
were able to detect the better ear with the use of
mobile phone while 47.9% did not detect their
better ear with the use of mobile phone and
26.5% were not sure if the use of mobile phone
helped them to detect their better ear or not. Only
4.7% of the respondents have had objective
hearing assessment in an ear, nose and throat
facility. In using Pearson’s two tailed test of
significance it clearly showed that the probability
of a right hander using the right hand to pick a
phone call and placing it on the right ear is 0.99
or 99%,Vis a Vis a left hander.

4. DISCUSSION

There is a worldwide increase in the use of
mobile phones and its applications in medical
care since its first use in 1973. Smartphones and
tablets  combine  both  computing and
communication features in a single device that
can be held in a hand or stored in a pocket,
allowing easy access and use at the point of care
which include improving cancer care, measuring
sound levels, improving data collection for
chronic obstructive pulmonary disease and in
follow up for psychiatric patients [1,2,28]. In
addition to voice and text, new mobile device
models offer more advanced features, such as
web browsing, global positioning systems (GPS),
high-quality cameras, and sound recorders. With
these features, as well as powerful processers
and operating systems, large memories, and
high-resolution screens, mobile devices have
essentially become handheld computers.[29]
Although medical devices and apps inarguably
provide the health care professional (HCP) with
many advantages, they are currently being used
without a thorough understanding of their
associated risks and benefits [30]. Rigorous
evaluation, validation, and the development of
best-practice standards for medical apps are
greatly needed to ensure a fundamental level of
quality and safety when these tools are used.
The ear is the fundamental organ in mobile
phone use. This study set out to explore the
determinants of mobile phone use with reference
to hemispheric and auditory dominance and to
determine to which extent mobile phone can be
used as a screening tool for hearing impairment.

In this study 85.9% of the respondents were
right-handed, and thus have left hemispheric
dominance while 6.8% were left handed and
6.0% were ambidextrous. This is similar though

slightly lower than 90% in a similar study by
Seidman et al.[25] and corroborates earlier report
by Holder et al which stated that 70%-96% of
human population were right handed [31].
Ocklenburga et al. believed there is over -
representation in favour of right- handers [32].
Reasons for this may not only be due to
convenience alone, but also proximity and the
discomfort of crossing the hand over to the
contralateral side [24]. Besides, in our
environment, religious and cultural perceptions
play an important role in the restriction of left
hand use. This is similarly observed among the
Chinese who have a very low prevalence of left
handers [33]. It is common for parents, care-
givers and even members of the community to
try to discourage a child prone to using left hand
and thus forcing the child to depart from the
natural dominance to “acquired” one. Bias
against left handedness continues to be a topical
issue as most tools designed have a right
handed bias. Other studies have supported
cultural effects in gestures and active tool
manipulation as one of the overriding factor in
human handedness evolution [34].

From the study, the probability of a right-handed
person picking his call with the right hand and
conversing with the right ear and vis-a-vis left
handers is nearly 1. This was attributed to
convenience and habitual behaviour. This also
corroborates findings of Seidman et al, and
Corballis et al. who postulated that the long
association of vocalization with manual gesture
left us a legacy of right-handedness [35]. The
strong predominance of right-handedness
appears to be a uniquely human characteristic,
whereas the left-cerebral dominance for
vocalization occurs in many species, including
frogs, birds, and mammals. Right-handedness
may have arisen because of an association
between manual gestures and vocalization in the
evolution of language [33].In the hospital setting
where a lot of dexterity is needed and often the
dominant hand is engaged there may be
increased use of the contralateral side which
might explain the reason for the use of the non-
dominant side for picking calls and conversation
as seen in this study.

Among the ambidextrous (6.0%) who had no
hand preference, majority would still use their
right hand to pick a phone and place on the
right ear for conversation  suggesting
that right-handedness is a bias of human
population.
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The authors observed a percentage of our
respondents who were right-handed would still
pick phone with their left hand and same as
those who are left-handed would pick with the
right hand. This could be attributed to multi-
tasking as the dominant hand would be engaged
in more tasking activities like writing, operating
and cleaning especially in the environment where
this study was conducted. The same was found
in the ear where 22.9% of right-handed
individuals would listen to conversation with left
ear and vice versa for left handers where we
found 25% using the right ear. This could be
attributed not only to clarity but also to auditory
dominance and calls for more studies. We think
that though many people are either LHD or RHD,
there may be a cross dominance in a few
individuals. This corroborates studies by Knect et
al [13] which state that strong left-handers
demonstrated a nearly sevenfold higher
incidence  of right-hemisphere  language
dominance than strong right-handers. Costanzo
et al. [12] in extreme left-handers the incidence
of right-hemisphere language dominance was
27%, whereas in extreme right-handers it was
4%. Again most individuals may not want to
cross their hand over the dominant ears when
busy and so they use the other ear for
ease/convenience.

This is a self-reporting data, and the authenticity
could not be confirmed by objective audiological
evaluation, but it is interesting that 22.2% had
noticed their hearing deficiency when they began
using mobile phones. Currently, many
audiological screening are carried out using
phone apps.

Strength: Edinburgh handedness inventory has
been a strong tool for determination of
handedness since 1971, using its modification for
both hemispheric and auditory dominance,
makes this work interesting and attests to its
strength. Also, this study, compared to previous
work appear to have a small sample size but this
notwithstanding, mirrors what happens in the
general population in our environment. It is
worthy of note that the sample size was drawn
from a group of health workers in the University
of Benin teaching hospital alone.

Limitations: EHI was used by self-reporting,
over attributing task to the dominant hand cannot
be ruled out. This work is preliminary and we
hope to compare subjective report of hearing
with audiometric assessment.

5. CONCLUSION

This work has not only proved the relationship
between hemispheric and auditory dominance in
use of mobile phone but has also shown that
mobile phone applications may be a good
instrument for the detection of hearing loss.

CONSENT

A written informed consent was obtained from all
respondents.

ETHICAL APPROVAL
It is not applicable.
ACKNOWLEDGEMENT

The authors are grateful to our respondents and
to professor Odigie Vincent for his useful
suggestions

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

no competing

1. Odigie VI1, Yusufu LM, Dawotola DA,
Ejagwulu F, Abur P, Mai A, Ukwenya Y,
Garba ES, Rotibi BB, Odigie EC. The
mobile phone as a tool in improving cancer
care in Nigeria. Psychooncology. 2012;
21(3):332-5.

2. Ibekwe T, Folorunso D, Ebuta A, Amodu J,
Nwegbu M, Mairami Z, et al. Evaluation of
the environmental noise levels in Abuja
municipality using mobile phones .Ann Ib
Postgrad Med. 2016;14(2):58-64.

3. Sandstrom J, Swanepoel DW, Myburgh
CH, Laurent C. Smartphone threshold
audiometry in underserved primary health
care contexts. Int J Audiol. 2016;55(4):
232-8

4. Peer S, Fagan JJ. Hearing loss in the
developing world: Evaluating the iPhone
mobile device as a screening tool. S Afr
Med J. 2015;105(1):35-9.

5. Available:https://en.wikipedia.org/wiki/List_
of _countries_by number_of_mobile_phon
es_in_use

6. Available:https://www.businessamlive.com/
nigerias-active-mobile-phone-users-hit-
146m-in-january-2018-ncc/


https://en.wikipedia.org/wiki/List_of_countries_by_number_of_mobile_phones_in_use
https://en.wikipedia.org/wiki/List_of_countries_by_number_of_mobile_phones_in_use
https://en.wikipedia.org/wiki/List_of_countries_by_number_of_mobile_phones_in_use

10.

11.

12.

13.

14.

15.

16.

Onyeagwara and Okhakhu; AJMAH, 14(4): 1-9, 2019; Article no.AJMAH.48242

Meet Marty Cooper - the inventor of the
mobile phone. Updated 2010 Apr 23.
[Cited 2013 Oct 09]
Available:http://news.bbc.co.uk/2/hi/progra
mmes/click_online/8639590.stm "The Split
Brain Experiments". Nobelprize.org. Nobel
Media AB 2014. Web. 27 Dec 2017.
Available:http://www.nobelprize.org/educati
onal/medicine/split-brain/background.html
Ryu NG, Lim BW, Cho JK, Kim J. Quality
of life differences in patients with right-
versus left-sided facial paralysis: Universal
preference of right-sided human face
recognition. J Plast Reconstr Aesthet Surg.
2016;69(9):€197-203.

Binder JR, Swanson SJ, Hammeke TA, et
al. Determination of language dominance
using functional MRI: A comparison with
the Wada test. Neurology. 1996;46(4):978-
984.

Hunter KE, Blaxton TA, Bookheimer SY, et
al. Water positron emission tomography
in language localization: A study
comparing positron emission tomography
visual and computerized region of interest
analysis with the Wada test. Ann Neurol.
1999;45(5):662-665.

Pub Med Google Scholar Cross ref

De Salvo MN, Tanaka N, Douw L, Leveroni
CL, Buchbinder BR, Greve DN, et al.
Resting-State Functional MR Imaging for
Determining Language Laterality in
Intractable Epilepsy. Radiology. 2016;
281(1):264-9.

Costanzo EY, Villarreal M, Drucaroff LJ,
Ortiz-Villafafie M, Castro MN, Goldschmidt
M et al. Hemispheric specialization in
affective responses, cerebral dominance
for language, and handedness:
Lateralization of emotion, language,
and dexterity. Behav Brain Res.
2015;288:11-9.

Knecht S, Drager B, Deppe M, et al.
Handedness and hemispheric language
dominance in healthy humans. Brain.
2000;123:2512-2518.

Hepper GP, Wells DL, Lynch C. Prenatal
thumb sucking is related to postnatal
handedness. Neuropsychologia. 2005;
43(3): 313-315

Nelson EL, Campbell JM, Michel GF
"Unimanual to bimanual: Tracking the
development of handedness from 6 to 24
months". Infant Behaviour and
Development. 2013;36(2):181-188.
Scharoun SM, Bryden PJ. Hand
preference, performance abilities, and

17.

18.

19.

20.

22.

23.

24.

25.

26.

27.

28.

hand selection in children. Front Psychol.
2014;5:82.

Medland SE, Duffy DL, Wright MJ, et al.
"Genetic influences on handedness: Data
from 25,732 Australian and Dutch twin
families". Neuropsychologia. 2009;47:330—
337.

Smith  LL, Hines M. "Language
lateralization and handedness in women
prenatally exposed to diethylstilboestrol
(DES)". Psychoneuroendocrinology. 2000;
25(5).

Dieterich M, Bense S, Lutz S, Drzezga A,
Stephan T, Bartenstein P, Brandt T.
"Dominance for vestibular cortical function
in the non-dominant hemisphere". Cerebral
Cortex. 2003;13(9):994-1007.

Salvesen KA. "Ultrasound in pregnancy
and non-right handedness: Meta-analysis
of randomized trials". Ultrasound in
Obstetrics & Gynecology. 2011;38(3):
267-271.

Uwaezuoke SN, Eke CB, Nwobi EA. Left-
hand dominance in children: Prevalence
and maternal stereotypes in a South-east
Nigerian city. Laterality. 2015;20(5):530-42.
Lawler TP, Lawler FH. Left-handedness in
professional basketball: Prevalence,
performance, and survival. Percept Mot
Skills. 2011;113(3):815-24.

Pointer JS. Sighting dominance,
handedness, and visual acuity preference:
Three mutually exclusive modalities?
Ophthalmic Physiol Opt. 2001;21(2):117-
126.

Marzoli D, Tommasi L. Side biases in
humans (Homo sapiens): Three ecological

studies on hemispheric asymmetries.
Naturwissenschaften. 2009;96(9):1099-
1106.

Seidman MD, Siegel B. Shah P, Bowyer
SM. Hemispheric dominance and cell
phone use. JAMA Otolaryngol Head Neck
Surg. 2013;139(5):466-470.

Shu N, Liu Y, Duan Y, Li K. Hemispheric
asymmetry of human brain anatomical
network revealed by diffusion tensor
tractography. Biomed Res Int. 2015;
908917.

DOI: 10.1155/2015/908917.

[Epub 2015 Oct 11].

Oldfield RC. The assessment and analysis
of handedness: The Edinburgh inventory.
Neuropsychologia. 1971;9(1):97-113.

Isara AR, Onyeagwara NC, Lawin H,
Irabor I, Igwenyi C, Kabamba L. Survey of
airflow obstruction in two African countries:


http://news.bbc.co.uk/2/hi/programmes/click_online/8639590.stm
http://news.bbc.co.uk/2/hi/programmes/click_online/8639590.stm
http://www.nobelprize.org/educational/medicine/split-brain/background.html
http://www.nobelprize.org/educational/medicine/split-brain/background.html
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ryu%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=27449749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=27449749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=27449749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27449749
https://www.ncbi.nlm.nih.gov/pubmed?cmd=Retrieve&db=PubMed&list_uids=27449749
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeSalvo%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=27467465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27467465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Douw%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27467465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leveroni%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=27467465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leveroni%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=27467465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buchbinder%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=27467465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greve%20DN%5BAuthor%5D&cauthor=true&cauthor_uid=27467465
https://www.ncbi.nlm.nih.gov/pubmed?cmd=Retrieve&db=PubMed&list_uids=27467465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costanzo%20EY%5BAuthor%5D&cauthor=true&cauthor_uid=25882724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Villarreal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25882724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Drucaroff%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=25882724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ortiz-Villafa%C3%B1e%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25882724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castro%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=25882724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldschmidt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25882724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldschmidt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25882724
https://www.ncbi.nlm.nih.gov/pubmed?cmd=Retrieve&db=PubMed&list_uids=25882724
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scharoun%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=24600414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bryden%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=24600414
https://www.ncbi.nlm.nih.gov/pubmed?cmd=Retrieve&db=PubMed&list_uids=24600414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uwaezuoke%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=25651190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eke%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=25651190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nwobi%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=25651190
https://www.ncbi.nlm.nih.gov/pubmed?cmd=Retrieve&db=PubMed&list_uids=25651190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lawler%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=22403927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lawler%20FH%5BAuthor%5D&cauthor=true&cauthor_uid=22403927
https://www.ncbi.nlm.nih.gov/pubmed?cmd=Retrieve&db=PubMed&list_uids=22403927
https://www.ncbi.nlm.nih.gov/pubmed?cmd=Retrieve&db=PubMed&list_uids=22403927

29.

30.

31.

Onyeagwara and Okhakhu; AJMAH, 14(4): 1-9, 2019; Article no.AJMAH.48242

paper questionnaire versus mobile phone
technology. African Journal of Respiratory
Medicine. 2013;8(2):13-17.

Boulos MN, Wheeler S, Tavares C, Jones
R. How smartphones are changing the
face of mobile and participatory health
care; An overview with example from
Ecaalyx. Biomed Eng Online. 2011;10:24.
Misra S, Lewis TL, Aungst TD. Medical
application use and the need for further
research and assessment for clinical
practice: Creation and integration of
standards for best practice to alleviate poor
application design. JAMA Dermatol. 2013;
149(6):661-662.

Holder MK. "Why are more people right-
handed?" Scientific American; 1997.
[Retrieved 2008-04-14].

32.

33.

34.

35.

Ocklenburga S, Besteb C, Gintiurkina O.
Handedness: A neurogenetic shift of
perspective;  Neuroscience and Bio
Behavioral Reviews. 2013;37:2788—-2793.

Kushner HI. Why are there almost no left

handers in China? Endeavour. 2013;
37(2):71-81.
Robira B, Pouydebat E, San-Galli

A, Meulman EJM, Aubaile F, et al.
Handedness in gestural and manipulative
actions in male hunter-gatherer aka
pygmies from Central African Republic. Am
J Phys Anthropol. 2018;166(2):481-491.
Corballis M. From mouth to hand: Gesture,
speech, and the evolution of right-
handedness. Behavioral and Brain
Sciences, 2003;26(2):199-208.

© 2019 Onyeagwara and Okhakhu; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle3.com/review-history/48242



https://www.ncbi.nlm.nih.gov/pubmed/?term=Robira%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29427288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pouydebat%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29427288
https://www.ncbi.nlm.nih.gov/pubmed/?term=San-Galli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29427288
https://www.ncbi.nlm.nih.gov/pubmed/?term=San-Galli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29427288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meulman%20EJM%5BAuthor%5D&cauthor=true&cauthor_uid=29427288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aubaile%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29427288
http://creativecommons.org/licenses/by/4.0

