
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [Van der Elst, Wim]
On: 7 January 2011
Access details: Access Details: [subscription number 931923483]
Publisher Psychology Press
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Clinical and Experimental Neuropsychology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713657736

On the association between lateral preferences and pregnancy/birth stress
events in a nonclinical sample of school-aged children
Wim Van der Elsta; Petra P. M. Hurksb; Renske Wassenbergc; Celeste J. C. Meijsa; Martin P. J. Van
Boxtela; Jelle Jollesa

a Department of Psychiatry and Neuropsychology, Faculty of Medicine and Life Sciences, School for
Mental Health and Neuroscience (MHeNS), Maastricht Brain and Behavior Institute, and European
Graduate School of Neuroscience (EURON), Maastricht University, Maastricht, The Netherlands b

Department of Neuropsychology & Psychopharmacology, Faculty of Psychology and Neuroscience,
Maastricht University, Maastricht, The Netherlands c Maastricht University Medical Centre (MUMC),
Maastricht, The Netherlands

First published on: 17 May 2010

To cite this Article Van der Elst, Wim , Hurks, Petra P. M. , Wassenberg, Renske , Meijs, Celeste J. C. , Van Boxtel, Martin
P. J. and Jolles, Jelle(2011) 'On the association between lateral preferences and pregnancy/birth stress events in a
nonclinical sample of school-aged children', Journal of Clinical and Experimental Neuropsychology, 33: 1, 1 — 8, First
published on: 17 May 2010 (iFirst)
To link to this Article: DOI: 10.1080/13803391003757825
URL: http://dx.doi.org/10.1080/13803391003757825

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713657736
http://dx.doi.org/10.1080/13803391003757825
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF CLINICAL AND EXPERIMENTAL NEUROPSYCHOLOGY
2011, 33 (1), 1–8

© 2010 Psychology Press, an imprint of the Taylor & Francis Group, an Informa business

http://www.psypress.com/jcen DOI: 10.1080/13803391003757825

NCEN On the association between lateral preferences 
and pregnancy/birth stress events in a nonclinical 

sample of school-aged children

Lateral Preferences and Birth Stress Wim Van der Elst,1 Petra P. M. Hurks,2 Renske Wassenberg,3 
Celeste J. C. Meijs,1 Martin P. J. Van Boxtel,1 and Jelle Jolles1

1Department of Psychiatry and Neuropsychology, Faculty of Medicine and Life Sciences, 
School for Mental Health and Neuroscience (MHeNS), Maastricht Brain and Behavior 
Institute, and European Graduate School of Neuroscience (EURON), Maastricht University, 
Maastricht, The Netherlands
2Department of Neuropsychology & Psychopharmacology, Faculty of Psychology and 
Neuroscience, Maastricht University, Maastricht, The Netherlands
3Maastricht University Medical Centre (MUMC), Maastricht, The Netherlands

The pathological left-handedness theory claims that pregnancy and birth stress events (PBSEs) are important risk
factors for sinistrality, but previous studies yielded inconclusive results. The aim of the present study was to further
evaluate the effect of PBSEs on multiple indicators of lateral preference (i.e., hand, foot, eye, and ear preferences),
strength of lateral preferences, and overall lateral consistency in a large nonclinical sample of school-aged children.
Results showed that PBSEs occurred in about one third of the sample (mainly forceps use, cesarean section, and
preterm birth). The occurrence of PBSEs did not significantly affect the lateral preference, strength of lateral
preference, or the overall lateral consistency measures. On average, the PBSEs accounted for only 0.36% of the
variance in the outcome measures. The validity of the pathological left-handedness theory could thus not be
supported in the present study.

Keywords: Pathological left-handedness theory; Hand preference; Foot preference; Eye preference; Ear preference;
Children.

In neuropsychology and related disciplines, there has
been a long history of attempts to explain why some
individuals deviate from the dextral norm. Both genetic
and nongenetic theories of handedness have been pro-
posed. Genetic models usually assume that hand preference
is controlled by two alleles at one gene locus. For
example, Annett’s (1972) right shift model proposes that
inheritance of a “right shift” gene biases an individual
towards superior right-hand skill. Environmental theo-
ries have proposed a variety of factors that are associ-
ated with hand preference, including testosterone
exposure during fetal development (Geschwind &
Galaburda, 1987), cultural pressure (Fagard & Dahmen,
2004), and fetal position during development (Previc,
1996).

One of the most prominent theories to explain hand-
edness is the “pathological left-handedness theory.” This
theory claims that sinistrality is a probabilistic marker of
minor neurological abnormalities (Bakan, 1971; Coren,
1995; Coren & Halpern, 1991; Satz, 1972; Satz, Orsini,
Saslow, & Henry, 1985; Searleman, Porac, & Coren,
1989). The neurological control of hand preference is
complex and involves multiple brain sites and systems,
including Brodmann’s areas 1 to 6, the pyramidal tract,
the planum temporale, the basal ganglia, the corpus
callosum, and proprioceptive and kinesthetic systems
(Coren & Searleman, 1990; Toga & Thompson, 2003;
Triggs, Subramanium, & Rossi, 1999). Especially
pregnancy and birth stress events (PBSEs) have been
hypothesized to alter the integrity of the neurological
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2 VAN DER ELST ET AL.

system that supports dextrality, thus causing a shift from
“natural” dextrality into “pathological” sinistrality
(Bailey & McKeever, 2004; Satz, 1972, Searleman et al.,
1989).

Previous studies have shown that sinistrality was
indeed more prevalent amongst people with clinical con-
ditions that are associated with PBSEs (such as mental
retardation; Coren & Halpern, 1991; Porac, Coren, &
Duncan, 1980), but the relation between PBSEs and
hand preference in nonclinical populations remains
controversial. After reviewing 23 large-scale studies on
this issue, Searleman and colleagues (1989) concluded
that some PBSEs (e.g., cesarean section) were signifi-
cantly associated with an increased probability of having
a left-hand preference. The effects of these PBSEs on
hand preference were, however, nonsubstantial, as the
PBSEs accounted for less than 1% of the variance in the
hand preference measures. A similar conclusion was
drawn in a large-scale study by Bailey and McKeever
(2004), who evaluated the association between 25 PBSEs
and handedness. These authors found that maternal age
was the only PBSE that was significantly associated with
left-handedness, but the association was again very weak
as maternal age accounted for only 0.32% of the vari-
ance in offspring handedness.

Two important methodological issues should, however,
be considered before it can be firmly concluded that
PBSEs and lateral preferences are not substantially asso-
ciated in nonclinical populations. First, most studies
focused exclusively on hand preference, but it has been
shown that hand preference is affected by social pressure
and cultural factors (De Agostini, Khamis, Ahui, &
Dellatolas, 1997; Harris, 1990; Porac, Rees, & Buller,
1990; Zverev, 2006). The social directives against left-
handedness have diminished in recent decades in Western
countries, but they have not disappeared completely
nowadays (Porac & Friesen, 2000). Foot, eye, and ear
preferences are alternative indicators of laterality that
are possibly also affected by social pressure, but to a
much lesser extent than hand preference (Searleman &
Porac, 2001). Foot, eye, and ear preferences may thus be
more sensitive indicators of laterality than hand preference
(Elias & Bryden, 1998; Elias, Bryden, & Bulman-Fleming,
1998; Watson, Pusakulich, Hermann, Ward, & Wyler,
1993).

Secondly, most studies relied on self-report question-
naires to assess lateral preferences—for example, the
Edinburgh Handedness Inventory (Oldfield, 1971) or the
Annett Hand Preference Questionnaire (Annett, 1970).
The validity of self-report lateral preference question-
naires has, however, been questioned (Bishop, Ross,
Daniels, & Bright, 1996; Curt, Mesbah, Lellouch, &
Dellatolas, 1997; Dean, 1982; Doyen & Carlier, 2002).
For example, Dean found that only 49 out of 150 lateral
preference self-report items had high correlations with
the actual behavior as performed in the laboratory.

The aim of the present study was to evaluate the path-
ological left-handedness theory in a large nonclinical
sample of school-aged children. It was hypothesized that
children who experienced PBSEs had a higher probability
of having left lateral preferences. The methodological

problems with previous studies (see above) were taken
into account in the present study. Thus, foot, eye, and
ear preferences were assessed in addition to hand prefer-
ence, and the different lateral preference indicators were
measured by means of a behavior-based procedure. The
possibility that PBSEs affect the strength of the lateral
preferences (rather than the left/right direction of lateral
preferences) was also considered. Moreover, it has been
suggested that discrepancies in overall lateral preference
(i.e., the extent to which an individual has consistent left/
right hand, foot, eye and ear preferences) may provide a
better indicator of pathology than the indicators of (left)
lateral preferences themselves (Dunlop, Dunlop, &
Fenelon, 1973). Thus the effect of PBSEs on overall lat-
eral consistency was also evaluated in the present study.

METHOD

Participants

Data were derived from the first follow-up wave of a
large-scale longitudinal cognitive development study in
school-aged children, the COOS (Cognitief Ontwikkelings
Onderzoek bij Schoolgaande kinderen; in English: cogni-
tive developmental study in school-aged children).
Details regarding the COOS have been described else-
where (Meijs, 2008; Wassenberg et al., 2008). Briefly, 431
children aged between 5.67 and 15.08 years participated
at the baseline measurement. These children (a) had not
repeated or skipped a grade, (b) were native Dutch
speakers, and (c) did not use medication known to affect
cognitive performance (such as asthma and attention-
deficit/hyperactivity disorder, ADHD, medication). All
the parents (or caregivers) of these children gave consent
for their child to participate in the research.

The first follow-up wave (T1) of the COOS was con-
ducted approximately one year following the baseline
measurement. All the parents of the children who still
attended one of the participating schools (N=425) were
contacted again to request further participation of their
child in the COOS. Of the 336 parents who replied, 333
parents gave consent for their child to participate.
Among these 333 children, 7 had repeated or skipped a
grade between baseline and T1 and were thus excluded.
A total of 15 children were excluded because they were
diagnosed with a condition known to affect cognitive
functioning (e.g., epilepsy or ADHD) or because they
had started taking medication known to affect cognitive
performance (between baseline and T1). Data for an
additional 15 children could not be collected due to the
child’s refusal to participate, or because the child was
not present at school at the time of testing (due to, e.g.,
illness or other school activities). Furthermore, the data
of 2 children were excluded from the analyses because
these children were adopted (which made it difficult to
acquire reliable information regarding the occurrence of
PBSEs).

The mean age of the 294 eligible children equaled
11.08 years (age range 6.56–15.85 years), and 46.9% of
the sample were boys. The educational level of the
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LATERAL PREFERENCES AND BIRTH STRESS 3

children’s parents was assessed with a commonly used
Dutch educational 8-point rating scale, which ranges
from primary school to university degree (De Bie, 1987).
Mean level of parental education (MLPE) was catego-
rized into low, medium, and high groups for parents who
had MLPE values that were equal to or below 2 on the
8-point scale (2 = at most primary education; 7.1% of the
sample), above 2 and equal to or below 5 (5 = at most
junior vocational education; 56.1% of the sample), and
between 5 and 8 (8 = at most senior vocational or academic
training; 36.7% of the sample), respectively. The COOS
test protocol at T1 consisted of various cognitive tests
that were intermixed with the hand, foot, eye, and ear
preference parts of the Lateral Preferences Question-
naire (LPQ; Van Strien, 1992, 2001, 2002; Vieijra,
König, & van Schaik, 1994; see later). The hand and foot
preference parts of the LPQ were administered at the
middle of the COOS test protocol, and the ear and eye
preference parts were administered towards the end of
the test protocol. Not all children could be administered
all four parts of the LPQ, because the available testing
time per child was limited to a maximum of 1.5 hours (as
testing took part during school hours). The hand, foot,
eye, and ear preference parts of the LPQ were adminis-
tered to 294, 294, 182, and 178 children, respectively.
The Ethics Committee of the Faculty of Psychology of
Maastricht University approved the study protocol.

Procedure and instruments

The parents of the children filled in a questionnaire that
solicited information regarding the occurrence of PBSEs
and the length of the pregnancy in an open-ended question
format (at T1). Lateral preferences were individually
assessed at school (at T1) by means of an abridged ver-
sion of the LPQ (Van der Elst et al., in press; Van Strien,
1992, 2001, 2002; Vieijra et al., 1994). During each of the
four parts of the abridged LPQ, the children were asked
to show—rather than verbally report—how they would
perform several activities. The first part of the LPQ con-
sisted of 10 items regarding hand preference for writing,
using a toothbrush, using a bottle-opener, throwing a
ball, using a hammer, holding a tennis racket, cutting a
rope with a knife, using a spoon, using an eraser, and
striking a match (Items 1–10). The second part consisted
of 3 items regarding foot preference for kicking a ball,
trampling down a plastic cup, and stepping on a chair
(Items 11–13). The third part consisted of 4 items regarding
eye preference for looking through a small gap, looking
in a jar to see how full it is, looking through a micro-
scope, and looking through a magnifier (Items 14–17).
The fourth part consisted of 4 items regarding ear prefer-
ence for listening to people from behind a closed door,
listening to the ticking of a wrist watch, listening to
someone who whispers, and listening whether an elevator
is arriving (Items 18–21). For each item, possible
responses were “left” (score 0), “both” (score 1), or
“right” (score 2). The lateral preference scale scores were
dichotomized as left or right if 80% of the items of the
scale were consistently answered with either left or right

(Van der Elst et al., in press; Van der Elst, Van Boxtel,
Van Breukelen, & Jolles, 2008; Van Strien, 1992, 2001).
Note that for the foot, eye, and ear preference scale
scores, the 80% criterion value was rounded off to the
closest possible whole number (i.e., the foot, eye, and ear
preference scale scores were dichotomized as left or right
if 2 out of 3 of the items of the foot preference scale and
3 out of 4 of the items of the eye and ear preference scales
were consistently answered with either left or right).
Otherwise, the child was classified as having a mixed lat-
eral preference. Children with a mixed lateral preference
were included in the left lateral preference group (in
agreement with recommendations in the literature;
Bryden, McManus, & Bulman-Fleming, 1994 Coren,
1995; Porac & Friesen, 2000). Strengths of the hand,
foot, eye, and ear preferences (irrespective of their left/
right directions) were quantified as the maximum
number of items on the relevant LPQ scale for which a
child had a consistent left/right preference. The overall
lateral consistency measure was coded as 4, 3, and 2 for
children who had a left/right concordance for four,
three, or two of the four dichotomized lateral preference
measures, respectively.

Statistical analyses

Commonly used statistical methods to analyze (semi)con-
tinuous variables (such as analysis of variance or multiple
linear regression analysis) assume a normal distribution
of the residuals and a homogeneous distribution of the
residuals over the entire range of predicted values (homo-
scedasticity; Kutner, Nachtsheim, Neter, & Li, 2005).
Preliminary analyses with the raw lateral preference,
strength of lateral preference, and overall lateral consist-
ency measures showed strong violations of these assump-
tions (due to the highly skewed distributions of the raw
outcome measures; for details see Van der Elst et al., in
press). The conclusions that are drawn from analyses that
violate these assumptions are potentially biased (Kutner
et al., 2005). Thus, the outcome variables were dichot-
omized (as described above), and binary logistic regres-
sion analyses—which do not assume normality of the
residuals or homoscedasticity—were conducted.

The dichotomized lateral preference measures were
dummy coded as 1=right lateral preference and 0=left
lateral preference. Strength of the hand, foot, eye, and
ear preferences were dummy coded (after a median split)
as 0=weak (for raw strength of hand, foot, eye, and ear
preference scores equal to or below 7, 2, 3, and 2, respec-
tively), and as 1=strong (for raw strength of preference
scale scores above 7, 2, 3, and 2, respectively). Overall
lateral consistency was dummy coded (after a median
split) as 1=strong (for children with four consistent left/
right lateral preferences) and 0=weak (for children with
less than four consistent left/right lateral preferences).
The PBSE measure was dummy coded with two dum-
mies (i.e., “one PBSE” and “two or more PBSEs”) and
with “no PBSE” as the reference group (note that only
4 children experienced three PBSEs and that none of the
children experienced more than three PBSEs). Age, gender,
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4 VAN DER ELST ET AL.

and MLPE were included in the binary logistic models as
covariates (gender was coded as 1=male and 0=female,
and MLPE was dummy coded with MLPE medium as
the reference group). All analyses were conducted with the
R 2.9.2 (for Linux) software package (R Development
Core Team, 2009). An alpha level of .01 was chosen to
avoid Type I errors due to multiple testing.

RESULTS

Table 1 presents the prevalence of the individual PBSEs
in the sample. Forceps use, preterm birth (<37 weeks),
cesarean section, and toxemia (i.e., maternal hyperten-
sion) were the most prevalent PBSEs, each occurring in
more than 5% of the pregnancies or births. About 66.3%,
27.9%, and 5.8% of the children experienced none, one,
and two or more PBSEs, respectively. There were no
significant correlations between the number of PBSEs
that a child experienced and the raw lateral preference,
strength of lateral preference, or overall lateral consist-
ency measures (mean r=–.001, all |r| < .12, all p > .01).
The mean amount of variance in the outcome variables
that was accounted for by the PBSEs was only 0.36%.
Table 2 presents the means (and standard errors of the
means) of the raw lateral preference, strength of lateral

preference, and overall lateral consistency measures as a
function of the number of PBSEs that a child experienced.

Left-hand, foot, eye, and ear preferences were
observed for 16.3%, 19.1%, 30.9%, and 42.0% of the
children, respectively. About 46.6% of the children had a
strong overall lateral consistency (4.0% and 42.6% had a
strong left and right overall lateral consistency, respec-
tively). The binary logistic regression models showed
that the number of PBSEs that a child experienced was
not significantly associated with the dichotomized lateral
preference, strength of lateral preference, or overall lateral
consistency measures (all ps > .01; see Table 3). None of
the demographical covariates was significantly associ-
ated with any of the dichotomized outcome measures,
with the exception of the negative effect of age on the
dichotomized strength of hand preference measure.

DISCUSSION

The pathological left-handedness theory states that
PBSEs are major risk factors for sinistrality, but previ-
ous studies yielded inconclusive results. These studies
were, however, hampered by a number of methodologi-
cal shortcomings, including a focus on hand preference
(without considering less socially biased indicators of
laterality) and the use of self-reported lateral preference
information (rather than behavior-based lateral prefer-
ence information). The aim of the present study was to
further evaluate the relationship between PBSEs and lat-
eral preferences in a study that was not hampered by
these methodological problems. In addition, the effect of
PBSEs on strength of lateral preferences and overall lat-
eral consistency was evaluated.

The main results of the present study were straightfor-
ward. The number of PBSEs that a child experienced
was not significantly associated with the (raw or dichot-
omized) lateral preference, strength of lateral preference,
or overall lateral consistency measures (see Tables 2 and 3).
On average, the PBSEs accounted for only 0.36% of the
variance in the outcome measures. The results of the
present study were thus not in line with the claim of the
pathological left-handedness theory that PBSEs are

TABLE 1 
Prevalence of pregnancy and birth stress events

PBSEs Frequency (%)

Forceps use 28 (9.5)
Cesarean section 21 (7.14)
Preterm birth (<37 weeks) 21 (7.1)
Toxemia (maternal hypertension) 20 (6.8)
Baby breathing difficulties 12 (4.1)
Maternal illness during pregnancy 6 (2.0)
Breech presentation 5 (1.7)
Maternal bleeding during pregnancy 4 (1.4)
Baby heartbeat problems 3 (1.0)
Toxoplasmosis 1 (0.3)

Note. N=294. PBSE=pregnancy and birth stress event.

TABLE 2 
Means of the raw lateral preference, strength of lateral preference, and overall lateral 

consistency measures as a function of number of PBSEs

Number of PBSEs

Outcome measure 0 1 ³2

Hand preference 17.71 (0.47) 18.00 (0.64) 17.10 (1.66)
Foot preference 5.02 (0.14) 5.06 (0.23) 4.40 (0.79)
Eye preference 5.82 (0.26) 6.18 (0.39) 5.70 (1.05)
Ear preference 5.89 (0.20) 5.73 (0.32) 4.70 (1.05)
Strength of hand preference 7.88 (0.15) 7.91 (0.21) 7.60 (0.56)
Strength of foot preference 2.57 (0.05) 2.66 (0.07) 2.70 (0.21)
Strength of eye preference 3.40 (0.08) 3.52 (0.11) 3.50 (0.34)
Strength of ear preference 2.97 (0.09) 3.02 (0.12) 3.30 (0.30)
Overall lateral preference 3.30 (0.07) 3.27 (0.11) 3.50 (0.22)

Note. PBSE=pregnancy and birth stress event. Standard errors in parentheses.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
V
a
n
 
d
e
r
 
E
l
s
t
,
 
W
i
m
]
 
A
t
:
 
0
8
:
1
0
 
7
 
J
a
n
u
a
r
y
 
2
0
1
1



LATERAL PREFERENCES AND BIRTH STRESS 5

TABLE 3 
Binary logistic regression models with the lateral preference, strength of lateral preference, and 

overall lateral consistency measures as dependent variables

Outcome measure Variable B SE B Wald c2 eB

Hand preference (constant) 0.674 0.670 1.012 1.963
Age 0.105 0.059 3.240 1.111
Gender 0.173 0.327 0.281 1.189
Low MLPE −1.133 0.527 4.630 0.322
High MLPE −0.122 0.349 0.123 0.885
One PBSE −0.159 0.362 0.193 0.853
Two or more PBSEs −0.903 0.579 2.427 0.406

Foot preference (constant) 1.497 0.645 5.391 4.468
Age 0.020 0.054 0.134 1.020
Gender 0.068 0.303 0.050 1.070
Low MLPE −1.053 0.517 4.151 0.349
High MLPE −0.394 0.319 1.528 0.674
One PBSE −0.161 0.334 0.234 0.851
Two or more PBSEs −0.344 0.607 0.320 0.709

Eye preference (constant) 1.180 0.794 2.209 3.256
Age −0.017 0.063 0.069 0.984
Gender −0.259 0.327 0.626 0.772
Low MLPE −0.094 0.728 0.017 0.910
High MLPE −0.436 0.344 1.607 0.647
One PBSE 0.463 0.388 1.423 1.589
Two or more PBSEs −0.349 0.681 0.263 0.705

Ear preference (constant) 1.364 0.763 3.196 3.911
Age −0.077 0.061 1.604 0.926
Gender −0.127 0.312 0.165 0.881
Low MLPE −0.634 0.709 0.800 0.530
High MLPE −0.028 0.328 0.007 0.972
One PBSE 0.088 0.354 0.062 1.092
Two or more PBSEs −0.522 0.640 0.665 0.593

Strength hand preference (constant) 2.963 0.560 28.017* 19.348
Age −0.277 0.047 34.603* 0.758
Gender 0.131 0.255 0.266 1.140
Low MLPE 0.333 0.515 0.418 1.395
High MLPE −0.124 0.268 0.214 0.884
One PBSE 0.275 0.284 0.934 1.317
Two or more PBSEs −0.610 0.550 1.228 0.544

Strength foot preference (constant) −0.507 0.517 0.962 0.602
Age 0.100 0.044 5.189 1.105
Gender −0.093 0.247 0.141 0.912
Low MLPE −1.011 0.491 4.243 0.364
High MLPE −0.396 0.259 2.344 0.673
One PBSE 0.240 0.278 0.749 1.272
Two or more PBSEs 0.548 0.558 0.963 1.729

Strength eye preference (constant) −1.215 0.753 2.603 0.297
Age 0.132 0.060 4.790 1.141
Gender −0.100 0.316 0.101 0.905
Low MLPE 1.057 0.831 1.619 2.877
High MLPE −0.014 0.332 0.002 0.986
One PBSE 0.287 0.359 0.640 1.333
Two or more PBSEs 1.037 0.823 1.587 2.821

Strength ear preference (constant) 1.883 0.831 5.137 6.575
Age −0.098 0.066 2.231 0.906
Gender 0.062 0.332 0.035 1.064
Low MLPE 0.467 0.837 0.311 1.595
High MLPE 0.015 0.347 0.002 1.016
One PBSE 0.152 0.379 0.160 1.164
Two or more PBSEs −0.232 0.663 0.122 0.793

(Continued)
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6 VAN DER ELST ET AL.

important risk factors for sinistrality (at least not in non-
clinical populations, see the introduction).

The effects of age, gender, and MLPE on the lateral
preference, strength of lateral preference, and overall lat-
eral consistency measures were also evaluated (see Table 3).
The results suggested that older children had a weaker
hand preference than their younger counterparts. This
finding was unexpected, because most researchers
assume that having a stronger hand preference is indica-
tive for having a more developed brain or having a
higher level of neurocognitive functioning. A recent
study by Boles, Barth, and Merrill (2008) has, however,
questioned this claim. Boles and colleagues showed that
having a stronger hand preference was associated with
better neurocognitive abilities that are acquired early in
life (such as the memory for the location of stimuli). On
the other hand, having a weaker hand preference was
associated with better neurocognitive abilities that are
acquired later in life (such as visual–lexical processes).
This finding indicates that the relation between age,
strength of hand preference, brain development, and
neurocognitive functioning is a complex one. More
research is needed to untangle this complex relation,
preferably in a longitudinal study in which changes in
strength of lateral preference and its effect on neurocog-
nitive functioning can be monitored over time.

Age had no significant effect on the hand, foot, eye, or
ear preferences of the children in our sample. This find-
ing is in agreement with earlier studies that found that
lateral preferences are established already early in life
(probably between 3 and 5 years of age, see Annett,
2004; Archer, Campbell, & Segalowitz, 1988; Cavill &
Bryden, 2003; Gabbard, 1993). Gender was not signifi-
cantly associated with any of the outcomes in the present
study, but previous studies have suggested that males
had a higher probability of being left-handed than
females (Papadatou-Pastou, Martin, Munafo, & Jones,
2008; Peters, Reimers, & Manning, 2006). The discrep-
ancy in the results may be attributable to multiple factors,
including differences in how the lateral preferences were
measured (e.g., self-report questionnaires versus behav-
ior-based procedures), differences in the population
characteristics (e.g., adults and elderly vs. children), and

differences in how left and right lateral preferences were
defined (see later). MLPE was not associated with any of
the outcome measures in the present study. Note that the
distribution of MLPE was not balanced in our sample,
but this is not a problem because any imbalance in the
sample does not bias the estimation of the regression
weights as long as the model is correctly specified.

Several remarks regarding the design and the limitations
of the present study can be given. First, assessing laterality
is not a straightforward procedure. Two main aspects of
laterality can be distinguished—that is, the lateral
preferences of an individual (e.g., the preferred hand for
various unimanual activities) and his or her lateral
performances (as assessed with, e.g., pegboard tests;
Bishop et al., 1996). Lateral preferences and lateral per-
formances are not strongly associated (Porac & Coren,
1981), so the possibility exists that there is an association
between PBSEs and lateral performances, even though
PBSEs and lateral preferences are not associated. Future
studies should further explore this issue.

Second, we assessed the PBSEs by means of retrospec-
tive parental reports. The validity of parental recall to
assess PBSEs has been questioned (Schwartz, 1977), but
different studies have shown high levels of agreement
between hospital records and parental recall measures of
PBSEs (Franzek & Stöber, 1995; O’Callaghan, Larkin,
& Waddington, 1990; Tilley et al., 1985). Nevertheless, it
would be an asset if future studies would rely on hospital
records rather than on questionnaire data to assess the
occurrence of PBSEs.

Third, we dichotomized the lateral preference
measures (in agreement with the literature, see e.g.,
Bryden et al., 1994; Coren, 1995; Porac & Friesen, 2000;
Van der Elst et al., in press; Van der Elst et al., 2008), but
not all researchers may agree with this classification
scheme. For example, it has been suggested that a
mixed—rather than a left—lateral preference is associ-
ated with pathology (Peters et al., 2006). We trichot-
omized the lateral preference measures (into left, mixed,
and right preference categories) and reanalyzed the data
to further evaluate this possibility. A series of ordinal
regression analyses (which included the demographical
covariates and in which the complementary log–log link

TABLE 3 
(Continued)

Outcome measure Variable B SE B Wald c2 eB

Lateral consistency (constant) 0.394 0.732 0.290 1.483
Age −0.048 0.059 0.660 0.953
Gender −0.026 0.306 0.007 0.974
Low MLPE −0.133 0.704 0.036 0.876
High MLPE 0.049 0.322 0.024 1.051
One PBSE 0.094 0.346 0.074 1.099
Two or more PBSEs 0.361 0.636 0.323 1.435

Note. MLPE=mean level of parental education; PBSE=pregnancy and birth stress event. Coding
of the predictors: Gender: male=1, female=0; Low MLPE: low MLPE=1, average or high
MLPE=0; High MLPE: high MLPE=1, low or average MLPE=0. The Wald c2 test is used to
test the statistical significance of each of the B coefficients in the logistic regression models. The eB

values are odds ratios. *p < .01.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
V
a
n
 
d
e
r
 
E
l
s
t
,
 
W
i
m
]
 
A
t
:
 
0
8
:
1
0
 
7
 
J
a
n
u
a
r
y
 
2
0
1
1



LATERAL PREFERENCES AND BIRTH STRESS 7

function was used) showed that PBSEs and mixed lateral
preferences were not significantly associated (data not
shown).

On a related note, we found that 16.3% of the children
in our sample had a left-hand preference. Some studies
reported similar prevalences of left-hand preference (e.g.,
Faurie, Vianey-Liaud, & Raymond, 2006), but other
studies reported substantially lower prevalences (even as
low as 4.1%, see e.g., Annett, 2004). The large discrepancies
in the reported prevalences are (at least partly) related to
the fact that hand preference is inconsistently defined
across studies (i.e., different hand classification
schemes are used). Indeed, the same verbal label
(i.e., having a “left-hand preference”) often means a
very different thing across studies. For example,
Annett (2004) defined left-handers as people who
preferred their left hand for all the activities that were
considered in their study. When we used a similar def-
inition of left-hand preference in the present study
(i.e., when only children who had a left-hand prefer-
ence for all 10 items of the LPQ hand preference scale
were considered to be left-handed), the prevalences of
left-hand preference in our and in Annett’s study were
very similar (i.e., 4.2% and 4.1%, respectively). This
finding clearly illustrates the necessity to establish a
consensus definition of left-hand preference, so that
the results of future studies can be compared in a
more direct way.

Fourth, we excluded the data of 24 children from the
analyses. There were no significant differences between
the mean lateral preference, strength of lateral prefer-
ence, and overall lateral consistency measures of the 24
excluded children and the 294 included children (data
not shown), but the question nevertheless rises whether
the exclusion procedure has affected the results.
Additional logistic regression analyses in which the data
of the full sample (N=318) were used showed that this
was not the case (i.e., the results that were based on the
full data set were identical to the results that were
reported in Table 3).

Fifth, we found no significant effect of the PBSEs on
the lateral preference, strength of lateral preference, and
overall lateral consistency measures, but this finding
does not exclude the possibility that PBSEs affect other
aspects of behavior. For example, the pathological
left-handedness theory claims that PBSEs affect the
neurological integrity of the brain adversely. If this is the
case, it can be expected that children who experienced a
PBSE deviate from the cognitive norm (Coren & Halpern,
1991). It is well-known that severe PBSEs (e.g., birth-
related problems that require resuscitation) have a negative
impact on the cognitive development of children (Odd,
Lewis, Whitelaw, & Gunnell, 2009), but it remains to be
determined whether the occurrence of less severe PBSEs
(such as the ones that were considered in the present
study) affect cognition negatively. More research on this
issue is needed.

Sixth, we did not assess parental hand preference in
the present study, but previous research has indicated
that parental and offspring hand preferences are associ-
ated (Springer & Deutsch, 1997). Genetic models have

been proposed to account for this association (see e.g.,
Annett, 1972), and recently a specific gene has been iden-
tified that increases the probability of being left-handed
(Francks et al., 2007). Others claimed that the associa-
tion between parental and offspring hand preference is
(at least partly) attributable to environmental factors.
For example, children may copy the hand preference of
their parents by observational learning, or the mother–
offspring hand preference relationship may be mediated
by PBSEs (Coren, 1995). More research is needed to
further evaluate the relative importance of genetic and
environmental factors (and their possible interactions) in
the determination of hand preference.
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