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Abstract  

This dissertation addresses the lateral asymmetries present in infancy in newborn babies up to two 

years old. Although several genetic and nongenetic theories about the stability of laterality, there is 

still  no consensus model on the age at which the lateral preference becomes final. There a re, 

however, several studies seeking to characterize the behavioral asymmetries during the first years of 

life to understand if these asymmetries predict manual preference in adulthood. Most studies in the 

literature focus on the asymmetries of the head turning, upper limb and lower limb movements in 

the first year of life. From one year old the asymmetries most investigated focus on manual 

preferenc e and functional tasks such as reaching and manipulating objects. The diversity of results 

may be the result of different methodological procedures used, and the cross -sectional studies are 

predominant. Thereby, it is  essential to perform a longitudinal design following the infants for a 

sufficient time to characterize the lateral asymmetry during the various rearrangements and 

successive adjustments of psychomotor development. Being an innovative study by its longitudinal 

design and by the observation of behavioral asymmetries of head turning, manual and pedal 

asymmetries, the methodological challenge was to pres erve ecological realism in functional tasks 

that follows the different ages that would allow an analysis of data that characterize and correlate 

asymmetries between them. One study that is presented in this dissertation addresses manual 

asymmetries over the first two years of life; other studies attempt to analyze in more detail  the head 

turning, upper and lower l imb asymmetries in a shorter time interval within the data collection. 

Overall the results suggest distinct periods in terms of direction and consistency of laterality, and 

there is an initial period characterized by instability of lateral asymmetries in the head turning, upper 

and lower limbs spontaneous movements . As age progresses lateral biases becomes more 

consistent, and in the second year of l ife, infants begin to show greater stability and consistency of 

manual preference in functional tasks, and this preference is oriented to the right in most 

participants of the sample. The results are in agreement with the literature. The present study 

contributes to a better understanding of the stability of lateral biases in early infancy. It also provides 

guidance on the methodological procedures necessary to monitor and collect data to study the 

adaptation of the infants at different stages of their development.  

 

 

 

 

Keywords: lateral asymmetries; laterality; manual preference; lateral preference; head turning; 

longitudinal studies; motor development; newborns; infants. 
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Resumo 

A presente dissertação aborda as assimetrias laterais presentes na primeira infância em bebés 

recém-nascidos até aos dois anos de idade. Apesar de várias teorias genéticas e não genéticas sobre 

a estabilidade da lateralidade, ainda não existe nenhum modelo consensual sobre a idade em que a 

preferência lateral se torna definitiva. Existem, no entanto, vários estudos que procuram caracterizar 

as assimetrias comportamentais durante os primeiros anos de vida para perceber se essas 

assimetrias predizem a preferência manual na idade adulta. A maioria dos estudos encontrados na 

literatura aborda as assimetrias dos movimentos da rotação da cabeça, dos membros superiores e 

dos membros inferiores no primeiro ano de vida. A partir de um ano de vida as assimetrias mais 

investigadas centram-se na preferência manual e em tarefas funcionais como o alcançar e manipular 

objectos. A diversidade de resultados poderá ser fruto dos diferentes procedimentos metodológicos  

utilizados, sendo que os estudos de desenho transvers al são os predominantes. Tornou-se deste 

modo essencial realizar um estudo longitudinal que acompanhasse os bebés durante um intervalo de 

tempo suficiente para caracterizar as assimetrias laterais ao longo das diversas reorganizações e 

sucessivas adaptações do desenvolvimento psicomotor. Sendo um estudo inovador pelo seu 

desenho longitudinal e pela observação comportamental  das assimetrias da rotação da cabeça, 

assimetrias manuais e pedais, o desafio metodológico foi preservar um realismo ecológico nas 

tarefas funcionais que acompanhassem as diferentes idades permitindo uma análise de dados 

conducentes a uma caracterização das assimetrias laterais e a uma relação destas  entre si. Um dos 

estudos que se apresenta nesta dissertação aborda as assimetrias manuais ao longo dos dois 

primeiros anos de vida; os outros estudos procuram analisar de forma mais detalhada as assimetrias 

da orientação da cabeça, dos membros superiores e inferiores num intervalo de tempo mais curto 

dentro da recolha de dados realizada. De uma forma geral os resultados sugerem períodos distintos 

ao nível da direcção e da consistência da lateralidade, existindo um período inicial caracterizado por 

uma instabilidade ao nível das assimetrias laterais nos movimentos espontâneos dos membros 

superiores, inferiores e da rotação da cabeça. À medida que a idade avança as tendências laterais 

manuais vão tornando-se mais consistentes, e no segundo ano de vida os bebés começam a 

demostrar uma maior estabilidade e consistência na preferência manual em tarefas funcionais, 

sendo essa preferência para a direita na maioria dos participantes da amostra. Os resultados estão 

de acordo com os encontrados na literatura. O presente estudo contribui para um maior 

conhecimento sobre a estabilidade das tendências laterais durante a primeira infância. Também 

fornece directrizes sobre os procedimentos metodológicos necessários para a observação e recolha 

de dados na investigação da adaptação do bebé às diferentes fases do seu desenvolvimento. 

 

Palavras-chave: assimetrias laterais; lateralidade; preferência manual; preferência lateral; rotação da 

cabeça; estudos longitudinais; desenvolvimento motor; rec ém-nascidos; crianças. 



Publications  

 

Infant Lateral Biases  iv 

 

Publications 

A part of this thesis has been submitted for publication: 

Jacobsohn, L., Rodrigues, P., Vasconcelos, O., Corbetta, D., & Barreiros, J. (2012). Lateral manual 

asymmetries: A longitudinal study. Submitted to Developmental Psichobiology. 

 

Some parts of this thesis have been or will  be presented in congress and published in books . 

Chapters in books: 

Jacobsohn, L., Barreiros, J., Vasconcelos, O., & Rodrigues, P. (2008). Emergência da lateralidade no 

primeiro ano de vida [Emergence of laterality in the first year of life]. In D. Catela & J. Barreiros 

(Eds.), Estudos em desenvolvimento motor da criança  [Studies in the child's motor development]  (pp. 

85-93). Rio Maior: ESERM Editions.  

 

Jacobsohn, L., Barreiros, J., Vasconcelos, O., & Rodrigues, P. (2009). Lateralidade na 1ª infância: 

Vantagens e implicações dos estudos longitudinais  [Laterality in early childhood: Advantages and 

implications of longitudinal studies]. In L.P. Rodrigues, L. Saraiva, J. Barreiros & O. Vasconcelos (Eds.), 

Estudos em desenvolvimento motor da criança II [Studies in the child's motor development II] (pp. 

197-204). Viana do Castelo: ESEIPVC Editions. 

 

Rodrigues, P., Vasconcelos, O., Barreiros, J., & Jacobsohn, L., (2009). Padrões atípicos laterais na 

primeira infância [Atypical lateral patterns in early childhood]. In L.P. Rodrigues, L. Saraiva, J. 

Barreiros & O. Vasconcelos (Eds.), Estudos em desenvolvimento motor da criança II [Studies in the 

child's motor development II] (pp. 179-187). Viana do Castelo: ESEIPVC Editions. 

 

Vasconcelos, O., Rodrigues, P., Barreiros, J., & Jacobsohn, L., (2009). Laterality, developmental 

coordination disorders and posture. In L.P. Rodrigues, L. Saraiva, J. Barreiros & O. Vasconcelos (Eds.), 

Estudos em desenvolvimento motor da criança II [Studies in the child's motor development II] (pp. 19-

26). Viana do Castelo: ESEIPVC Editions. 

 

Jacobsohn, L., Barreiros, J., Vasconcelos, O., & Rodrigues, P. (2010). Caracterização da simetria 

manual na actividade motora em bebés recém-nascidos até aos 3 meses. [Manual symmetry in 



Publications  

 

Infant Lateral Biases  v 

 

motor activity in newborn infants to 3 months old]. In O. Vasconcelos, M. Botelho, R. Corredeira, J. 

Barreiros & P. Rodrigues (Eds.). Estudos em desenvolvimento motor da criança III [Studies in  the 

child's motor development III] (pp. 151-157). Porto: FADEUP Editions. 

 

Jacobsohn, L., Barreiros, J., Vasconcelos, O., & Rodrigues, P. (2011). Desenvolvimento da assimetria 

manual numa tarefa funcional em bebés dos 12 aos 18 meses . [Development of a functional task in 

infants from 12 to 18 month old]. In P. Morouço, O. Vasconcelos, J. Barreiros  & R. Matos (Eds.). 

Estudos em desenvolvimento motor da criança IV [Studies in the child's motor development IV] (pp. 

159-165) Leiria: ESECS/CIMH, IPL Editions. 

 

Jacobsohn, J., Vasconcelos, O., Rodrigues, P. L.,  Corbetta, D., & Barreiros, (2012). Assimetrias laterais 

manuais: Estudo longitudinal do nascimento aos 24 meses  [Lateral asymmetries: A longitudinal 

study]. In …  (eds). Estudos em desenvolvimento motor da criança V [Studies in the child's motor 

development IV] (pp.…-…) Coimbra: … Editions. Accepted for publication. 

 

Book of abstracts: 

Jacobsohn, L., Rodrigues, P., Vasconcelos, O., & Barreiros, J. (2012). Upper l imb and head orientation 

asymmetry in motor activity of newborn infants up to 3-months old. Journal of Sport & Exercise 

Psychology, 34 ,166. 

 

 

 

 

 

 

 

 



Contents  
 

Infant Lateral Biases  vi 

 

Contents 
 

1. Prolegomenon .........................................................................................................1 

1.1. Introduction ........................................................................................................1 

1.2. Thesis’s general and specific goals ........................................................................3 

1.3. Structure of the thesis..........................................................................................4 

1.4. References ..........................................................................................................5 

2. A systematic review of the literature .........................................................................8 

2.1. Emergence of laterality in first year of life (study 1) ...............................................8 

2.1.1. Abstract ....................................................................................................8 

2.1.2. Introduction ..............................................................................................8 

2.1.3. Lateral asymmetries in head turning movements ........................................9 

2.1.4. Lateral asymmetries in lower limb movements..........................................10 

2.1.5. Lateral asymmetries in upper limb movements .........................................11 

2.1.6. New motor abilities and the lateral asymmetries stability ..........................12 

2.1.7. References ..............................................................................................13 

2.2. Laterality in early infancy: Advantages and implications of longitudinal studies 

(study 2) ....................................................................................................................17 

2.2.1. Abstract ..................................................................................................17 

2.2.2. References ..............................................................................................21 

3. The upper limb and head turning in the newborn.....................................................24 

3.1. Upper limb and head turning asymmetry in motor activity of newborn infants up to 

3-months old (study 3) ...............................................................................................24 

3.1.1. Abstract ..................................................................................................24 

3.1.2. Introduction ............................................................................................24 

3.1.3. Methods .................................................................................................26 

3.1.4. Results ....................................................................................................28 

3.1.5. Discussion ...............................................................................................31 

3.1.6. References ..............................................................................................33 

4. Lateral asymmetries during the first two years .........................................................36 

4.1. Lateral manual asymmetries. A longitudinal study from birth to 24 months (study 4)  

  .........................................................................................................................36 

4.1.1. Abstract ..................................................................................................36 



Contents  
 

Infant Lateral Biases  vii 

 

4.1.2. Introduction ............................................................................................36 

4.1.3. Methods .................................................................................................43 

4.1.4. Data Analysis ...........................................................................................45 

4.1.5. Results ....................................................................................................47 

4.1.6. Discussion ...............................................................................................54 

4.1.7. References ..............................................................................................57 

4.2. Can manual preference at 18 months be predicted by lateral biases in the first three 

months of life? (study 5).............................................................................................62 

4.2.1. Abstract ..................................................................................................62 

4.2.2. Introduction ............................................................................................62 

4.2.3. Methods .................................................................................................64 

4.2.4. Data analysis ...........................................................................................66 

4.2.5. Results ....................................................................................................68 

4.2.6. Discussion ...............................................................................................71 

4.2.7. References ..............................................................................................72 

5. Tasks involving two hands.......................................................................................77 

5.1. Development of manual asymmetry in a functional task in infants from 12 to 18 

months (study 6)........................................................................................................77 

5.1.1. Abstract ..................................................................................................77 

5.1.2. Introduction ............................................................................................77 

5.1.3. Methods .................................................................................................79 

5.1.4. Results ....................................................................................................80 

5.1.5. Discussion ...............................................................................................82 

5.1.6. References ..............................................................................................84 

6. Conclusions............................................................................................................86 

6.1. Main findings.....................................................................................................86 

6.2. Methodological implications...............................................................................89 

6.3. Theoretical considerations .................................................................................92 

6.4. Future directions ...............................................................................................92 

6.5. References ........................................................................................................94 

 



Figures  
 

Infant Lateral Biases  viii 

 

Figures 

Figure 3.1.A LAQs of spontaneous arm movements (AM) preference. The 20 individual LAQs 

are reported at each of the three moments following the same order. .............................30 

Figure 3.1.B LAQs of spontaneous head turning movements (HT) preference. The 20 

individual LAQs are reported at each of the three moments following the same order. .....30 

Figure 3.2. Average LAQs of HT and Arm Movements (AM) of the whole group and for the 

three months period. .....................................................................................................31 

Figure 4.1. LAQs of spontaneous upper arm movements self-generated by each infant while 

in supine. The 19 individual LAQs are reported at each of the 3 ages following the same 

order. ...........................................................................................................................47 

Figure 4.2. LAQs based on the number of self-generated upper arm actions that each child 

performed on the cube at the age of 6 and 9 months. The 19 individual LAQs are reported 

at both ages following the same order. ...........................................................................49 

Figure 4.3. LAQs based on reaching a ball at midline for each infant at the age of 12, 15, and 

18 months. The 19 individual LAQs are reported at all 3 ages following the same order. ....50 

Figure 4.4. LAQ of the 19 infants at 24 months of age. .....................................................50 

Figure 4.5. LAQ group average and standard deviation from birth to 24 months................51 

Figure 4.6. Developmental trajectories of all 19 infants grouped as a function of the 3 

clusters returned by the cluster analysis. ........................................................................52 

Figure 4.7. Clustering of the 9 infants grouped under cluster 3 (initial cluster analysis). .....53 

Figure 4.8. LAQs of arm spontaneous movements by each infant, at birth, 1st and 3rd 

months. ........................................................................................................................68 

Figure 4.9. LAQs of leg spontaneous movements by each infant, at birth, 1st and 3rd months. 

  .............................................................................................................................68 

Figure 4.10. LAQs of reaching and drawing tasks by each infant at 18 months old. ............69 

Figure 5.1. Percentage, over age, of the right hand steadying when the left hand leafing, 

and the left steadying with the right hand leafing. ...........................................................82 



Tables  
 

Infant Lateral Biases  ix 

 

Tables 

Table 3.1. Mean of movement’s frequency, standard deviation (SD) and range for right arm, 

left arm and head turning (HT). ......................................................................................28 

Table 3.2. Distribution of LAQ by age, strength, and direction for arm preference for the 

total sample. ChiSquare p values are reported by age. .....................................................29 

Table 3.3. Distribution of LAQ by age, strength, and direction for head turning preference, 

for the total sample. ChiSquare p values are reported by age. ..........................................29 

Table 4.1. Longitudinal studies on the development of early infancy manual preference. 

Studies are listed in chronological order based on the age range studied. .........................37 

Table 4.2. Distribution of LAQs by age, strength, and direction of MP categories. ChiSquare 

p values are reported by age. .........................................................................................48 

Table 4.3. Distribution of LAQs by age, strength, and direction for arm, leg, reaching and 

drawing tasks. ChiSquare p values are reported by age. ...................................................70 

Table 5.1.Total sum of movements, average and standard deviation per minute of the hand 

that leafs and the hand that steadies on the left (L), right (R) and bimanual leafing. ..........80 

Table 5.2. Number of infants for the entire sample for each age group in the three moments 

that prefers: steadies with the right hand when the left hand leafing; steadies with the left 

hand when the right hand leafing; show no manual preference (NMP), or without 

movements observed (NM). ...........................................................................................81 

 

 

 

 

 

 



Prolegomenon  
 

Infant Lateral Biases  1 

 

1. Prolegomenon 

 

1.1. Introduction  

The proposed study for this thesis comes under a dissertation presented in order to obtain 

the degree of Doctor of Human Kinetics and intends to address the asymmetries in an early 

childhood. The phenomenon of human laterality is not explained by a convincing model, despite 

numerous studies to describe the lateral preferences. Several theories have been described to 

explain the development of a right manual preference, including genetic and nongenetic models 

(Jacquet Esseily, Rider, & Fagard, 2011). It may be noted however that the human being is 

characterized by a series of asymmetries, whether structural (such as brain, physical and visceral) or 

functional (e.g. manual preference, speech, perception and emotion) (Domellöf, 2006). According to  

Fagard (2006), explain these asymmetries in terms of lateral preferences require understanding the 

genetic background, environment and culture while developing an individual. 

Research in this area begins before birth and there are studies on lateral biases from the 

first 10 weeks of gestation, in which it is identified a lateralized behavior of fetuses in utero (Hepper, 

Mccartney, & Shannon, 1998; Hepper, Shahidullah, & White 1990; Hepper, Wells, & Lynch, 2005). 

Lateral biases in fetuses are, in general, characterized by the same behavior observed after birth, but 

under different circumstances . Despite the growing interest of research in the prenatal period, is in 

the postnatal period that records the majority of studies that aim to understand the origin, 

development and stability of lateral asymmetry of the child. Manual and upper limb asymmetries are 

the most investigated in children, head orientation and lower limbs asymmetries have been also the 

target of analysis, although to a lesser extent. The study proposed in this thesis sought to address 

these asymmetries main groups: head turning, upper and lower limb throughout early infancy. 

There are several studies describing the lateral asymmetries in children, but the results are 

not consensual. Studies of handedness in neonates focus on lateral biases analysis of head turning 

from the midline. Several authors agree that there is a head turning bias of the newborn when 

placed in the supine position (Cioni & Pellegrinetti , 1982; Ecklund-Flores & Turkewitz, 1996; Hopkins 

et al., 1990; Konishi, Kuriyama, Mikawa, & Suzuki, 1987; Rönnqvist & Hopkins, 1998; 2000; 

Thompson & Smart, 1993). It is acknowledged that this preference results from a reflection of the 

neonatal nervous system (Rönnqvist & Domellöf, 2006). 

However, extrinsic factors such as the positioning of the baby and his consciousness state 

are crucial to assess the flaws. From 2 months the baby is able to differentiate the isolated 

movement of the hand from the arm as a whole (Domellöf, 2006) and starts, in general, much more 

to explore the movements of the upper limbs. The preference for head turning ceases to be a 

marker for studying laterality in the upper body as the child continues in its development and 

acquisitions and other activities arise and offer a greater interest in research of lateral asymmetries. 



Prolegomenon  
 

Infant Lateral Biases  2 

 

Between 3 and 4 months babies begin to reach objects with a poor control of the trajectory of the 

hand. The preparatory and anticipatory adjustments of hand for the orientation of the object appear 

in a rudimentary way in tasks reaching objects at about 5 months old, and significantly improved 

after the 6 months. Afterward the 7 months the baby increases the movement’s frequency to 

achieve objects, which provides a greater visual and sensor motor exploration. The difference 

between the two hands, created by manual preference, to reach and manipulate objects, results in a 

consequent difference between the experience of hands and a bias for unimanual manipulation. 

Consequently, a unimanual preference develops in which the preferred hand assumes certain 

actions and the non-preferred hand take other actions (Hinojosa, Sheu, & Michel, 2003). 

Over its first 12 months of life, the baby will  suffer the most varied adaptations taking into 

account their growth and development. The age at which laterality stabilizes does not achieve an 

easy consensus, but it is obvious that as the age increases, the child will  gradually demonstrate a 

lateral biases which later becomes definitive. Whatever type of lateral  asymmetries, it is generally 

agreed that the biases are inconsistent and unstable for at least the first two years of a child's l ife 

(Corbetta & Thelen, 1999; Corbetta, Williams, & Snapp-Childs, 2006; Fagard, 1998). However, it is 

possible to trace trends and characteristics  over the first two years of life. 

Two types of approaches have been more used in this field of research, on the one hand the 

use of sophisticated instrumentation (at the level of neurology and brain imaging through), but also 

more accurate and reliable in terms of information processing, and secondly the observation -

centered behavior, less reliable but more rich and capable of adjustment in terms of information 

collected. These are two approaches that can complement each other, but that together can hamper 

the resources and costs of a research. Quantitative approaches such as ki nematic analysis and 

electromyography have been used to try to overtake possible gaps (Domellöf, Rönnqvist, & Hopkins, 

2006; Lynch, Lee, Bhat, & Galloway, 2008) and to provide for more detailed information on the 

characteristics of movements. However, qualitative evaluation remains essential and the better 

choice for the behavioral observation of the tasks of motor development (Ferre, Babik, & Michel, 

2010; Morange-Majoux, 2011). 

Taking into account the diversity of results , the methodological choice for this study was a 

concern in order to improve possible shortcomings in the procedures adopted in previous studies, 

but also to make a groundbreaking study which followed the development of longitudinal 

asymmetries side of children. Most longitudinal studi es in this area is focused in the first year of life, 

and the evaluation of manual preference used activities that involved pointing, grasping and 

manipulating objects (Ferre, Babik, & Michel, 2010; Jacquet, et al., 2011). The rarity of this type of 

study has been reported by several authors (Corbetta & Thelen, 1996; Domellöf, 2006; Michel , Tyler, 

Ferre, & Sheu, 2006; Rodrigues & Vasconcelos, 2008; Rönnqvist & Domellöf, 2006). The results 

observed during the first years of life are diverse, which may be due to intrinsic variability of manual 
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preferenc e, the criteria chosen for selection of variables, or the sensitivity of the techniques used for 

the variables measured. 

A more detailed review of longitudinal studies in this area highlights key theoretical and 

methodological issues, such as the criteria for selection of variables in accordance with the phase of 

child development, the size and homogeneity of the samples, the physical characteristics of objects 

used, the technology capture and image processing, the placement of children, parents and 

researchers and even categorization and classification of data. The volatility of variables such as the 

methodological procedures used makes a complex linear analysis on the direction, consistency and 

stability of lateral biases during the first year of life. 

The main points discussed in this issue purpose to understand: (i) at which stage of 

development, or age, lateral biases emerges, (i i) the characteristics of the lateralized behavior, (iii) 

the factors which may influence lateral preference. Most studies that accompany the motor 

development of children during the first year of life us e the behavior observation method with 

widely spaced temporal samples. Few studies address the first months of life from the perspec tive of 

a continuation to the first year of life. To our knowledge there are no longitudinal studies in the 

literature accompanying babies from birth until  the end of the second year of life. 

The longitudinal studies in this area refer the differences in l ateral asymmetries and lateral 

preferenc e based on the child’s  age, the tasks ’ nature and the context in which they operate (e.g. 

Berger, Friedman, & Polis, 2011; Ferre, Babik, & Michel, 2010; Jacquet, et al., 2011; Marschik, 

Einspieler, Strohmeier, Garzarolli , & Prechtl, 2007). Thus and in this study, the behavioral 

observation of lateral asymmetries during the first two years of life years demanded an adaptation 

of the context and the tasks defined for the purpose of maintaining the functionality and ease of 

action to observe. Data collection was performed in infants with 1-2 days postnatal ages and lasted 

up to 2 years old in completing all  eight time observation collecting data periods. The variables were 

previously defined, tailored to different ages, preserving an ecological realism and respecting the 

successive reorganizations and adaptations of the psycho-motor development of children. 

 

1.2. Thesis’s general and specific goals  

Studies in the general thesis aimed to contribute to characterize the child's behavioral and 

functional lateral asymmetries from birth to 24 months and understand the nature of relations 

between them considering the different stages of development. The specific goals were defined 

according to the review and empirical articles and are as follows: 

 

(i) To characterize the different lateral asymmetries of the head turning and the upper and 

lower limbs during the first year of life (review study 1) 
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(ii) To synthesize the knowledge about the theoretical  and methodological implications  of 

longitudinal designs in the area of lateral  asymmetries (review study 2) 

(iii) To characterize manual and head turning asymmetries in babies since birth up to 3 

months old (experimental study 3) 

(iv) To characterize longitudinally lateral biases in terms of direction and consistency since 

birth up until  24 months old (experimental study 4)  

(v) To evaluate arm and leg spontaneous movements during the first 3 months of life and to 

determine if there is a relation between lateral biases on this age with manual preference at 

18 months old (experimental study 5)  

(vi) To characterize manual asymmetries in a manipulating book task in babies from 12 to 18 

months old (experimental study 6) 

 

1.3. Structure of the thesis 

The context, relevance, objectives and organization of the thesis constitutes the first 

chapter. The second chapter is composed by review studies, where the research basis for the studies 

that followed is established. The chapter 3, 4 and 5 include a compilation of experimental  studies. 

The final chapter of this thesis presents a synopsis of the main findings of the preceding chapters , 

the adopted methodological explanations and their implications, general conclusions and 

suggestions for future research in the area. 

 

Chapter Contents 

Chapter 1 Prolegomenon 

Chapter 2 A systematic review of the literature 

Study 1 Emergenc e of handedness in the first year of life.  

Study 2 Laterality in infancy: Advantages and implications of longitudinal studies.  

Chapter 3 The upper limb and head turning in the newborn 

Study 3 Upper l imb and head turning asymmetry in motor activity of newborn infants up to 

3-months old. 

Chapter 4 Lateral biases during the first two years 

Study 4 Lateral manual asymmetries. A longitudinal  study from birth to 24 months. 

Study 5 Can the manual preference at 18 months be predicted by the lateral biases in the 
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first three months of l ife? 

Chapter 5 Tasks involving two hands 

Study 6 Development of manual asymmetry in a functional task in infants from 12 to 18  

months. 

Chapter 6 Conclusions 
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2. A systematic review of the literature 

 

2.1. Emergence of laterality in first year of life (study 1) 

 

2.1.1. Abstract  

The phenomenon of laterality is strongly associated with manual preference. Most studies in this 

area focus on this behavior, however we know that the human being is  characterized by a wide 

range of structural and functional asymmetries. Lateral biases fluctuate since the beginning of l ife 

and progressively stabilize reaching a definite state. The aim of this review is  to characterize the 

different lateral asymmetries of the babies’ head turning, as well as of the upper and lower l imbs 

during the child’s first year of life. The behavioral observation and the association between different 

lateral asymmetries in the first year can be an added value to better understand this phenomenon. 

Keywords: Laterality; lateral asymmetri es; newborns; motor development.  

 

2.1.2. Introduction 

The phenomenon of human laterality is not explained by a convincing model, despite 

numerous studies to describe the lateral preferences. It may be noted, however, that the human 

being is characterized by a series of asymmetries, whether structural (such as brain, physical and 

visceral) or functional (e.g. manual preference, speech, perception and emotion) (Domellöf, 2006). 

According to Fagard (2006), explaining these asymmetries in terms of lateral preferences requires 

understanding the genetic, environmental and cultural background during an individual’s 

development. 

When observing a child who manipulates and plays with objects it is difficult to predict 

which hand will  be used, as manual preference undergoes  changes during development. Regardless 

of the type of lateral  asymmetries, it is commonly referred that the biases are inconsistent and 

unstable for at least the first two years of a child's life (Corbetta & Thelen, 1999; Corbetta, Williams, 

& Snapp-Childs, 2006; Fagard, 1998). During that period the child alternates between the left side, 

the right side or uses both sides simultaneously, to perform the same task in a short time. However, 

it is possible to trace biases and characteristics  throughout the first two years of life. 

Research in this area begins before birth and there are studies on lateral biases from the 

first 10 weeks of gestation, which identify a lateralized behavior of fetuses in the uterus (Hepper, 

Mccartney, & Shannon, 1998; Hepper, Shahidullah, & White 1990; Hepper, Wells, & Lynch 2005). 

Ververs, de Vries, Van Geijn, and Hopkins (1994), mention that fetuses at 38 weeks of gestation 

already show a preference for head turning to the right side. Other authors found that fetuses prefer 

to suck the right thumb (e.g., Hepper et al., 2005; Hepper, Shahidullah, & White, 1991). Some 
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authors claim that lateralized behavior is developed during the prenatal  period, and is observed later 

in newborns (e.g., Butterworth & Hopkins, 1993; Goodwin & Michel, 1981) and in premature babies 

(e.g., Konishi , Kuriyama, Mikawa, & Suzuki, 1987). 

Lateral biases in fetuses are, in general, characterized by the same behavior observed after 

birth, but under different circumstances . Despite the growing interest of research in the prenatal 

period, it is the postnatal period that registers the majority of studies that seek to understand the 

origin, development and stability of the child’s  lateral asymmetry. The aim of this review is to 

present the lateral biases concerning functional and behavioral asymmetries during the infant’s first 

year of life. 

 

2.1.3. Lateral asymmetries in head turning movements  

Studies on laterality in neonates  focus on analyzing the lateral biases of head turning from 

the midline. Several authors agree that there is a tendency for the rotation of the head of the 

newborn when placed in the supine position (Cioni & Pellegrinetti , 1982; Ecklund-Flores & Turkewitz, 

1996; Hopkins et al., 1990; Konishi  et al., 1987; Rönnqvist & Hopkins, 1998, 2000; Thompson & 

Smart, 1993). It is acknowledged that this preference demonstrates the presence of asymmetries  in 

the nervous system of the newborn (Rönnqvist & Hopkins, 1998). However, extrinsic factors such as 

the positioning of the baby and his state of awareness are crucial  to assess lateral biases. 

Rönnqvist and Hopkins (1998), find it questionable to consider one or two types of  

asymmetries, involving different neural  mechanisms in the head turning, with respect to (i) keeping 

the head in a preferred position, or (ii) turning the head from the midline. However, the authors later 

concluded that in both situations, there is a right lateral preference. They also state that both 

situations are a reflection of equally active neural  processes originated by the environment’s 

regulation, given the high association between the head orientation and the consciousness state of 

the baby. Thus, the lateral bias is mediated by the baby’s state of consciousness, translated into 

different levels of quality and quantity of motor activity, a factor considered in several studies with 

neonates (Domellöf, Hopkins, & Rönnqvist, 2005; Grattan, De Vos, Levy, & McClintock, 1992; Thelen, 

Fisher, Ridley-Johnson, & Griffin, 1982; Thelen, Ridley-Johnson, & Fisher, 1983; Trehub, Corter, & 

Shosenberg, 1983). 

Other studies have linked the lateral bias of head turning in neonates with subsequent 

manual preference. Michel and Harkins (1986) used a sample of 10 newborns with right lateral 

biases in head turning and another 10 newborns showing left lateral bias , and afterwards evaluated 

their manual preference with a test of reaching for objects, at 8 different moments during the period 

of 12 weeks up to 24 weeks after birth. The results revealed that (i) most newborns maintained a 

stable manual preference during this period; (ii) it was possible to predict the manual preference 
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through the tendency of head turning, (i ii) the manual preference was maintained during the two 

first few months, leading to asymmetries in motor and visual  control of the hands of the babies. The 

author suggests that these biases of head turning in the neonatal period may contribute to laterality 

stability. 

Konishi  et al. (1987) conducted a study with low-risk premature infants. During the period of 

admission at the nursery, 44 infants were positioned at the supine position and 37 in the prone 

position. The results showed that head turning to the right was persistent in infants placed at a 

supine position. Later they re-evaluated the same infants and found that at 9 months, right manual 

preferenc e was more visible in babies who had been evaluated in the supine position, while those 

placed in the prone position tended to use their hands bilaterally. This bias persisted until  18 

months. The results of this study reflected the influence of extrinsic factors in the development of  

lateral asymmetry of the newborn and its long-term consequences. 

Although the most commonly investigated lateral asymmetry is the head turning of  

newborn, other areas such as reflexes, specifically the tonic neck reflex, have also been addressed 

(e.g. Cioni & Pellegrinetti , 1982; Grattan et al., 2005), but without conclusive results  as to a 

persistent asymmetry. Most studies observe that lateral biases after birth at the level of upper body 

are potentially indicative of a manual preference adopted subsequently (Domellöf, 2006). Studies 

that focus on the asymmetries in lateral stepping and placing as an indication of the lateral 

preferenc e of the lower l imbs are less frequent. 

 

2.1.4. Lateral asymmetries in lower limb movements 

The studies in infants are rare and inconclusive on this matter. Some authors suggest a 

preferenc e for the right foot in the stepping reflex, such as Melekian (1981) after evaluating 337 

infants in the first 10 days after birth, and Peters and Petrie (1979) after observing 24 babies from 3 

weeks to 3 months of age. However this bias was not confirmed by other authors who also evaluated 

infants in the first weeks of l ife (Cioni & Pellegrinetti , 1982; Kamptner, Cornwell, Fitzgerald, & Harris, 

1985; Thelen et al., 1982; Trehub et al., 1983). Two studies observed spontaneous kicking; however 

in one of them no preference was registered for the lower l imb in 8 babies from the 2 to 26 weeks of 

life (Thelen et al., 1983). The other study reported a preference for the right leg in 14 babies from 4 

to 24 weeks of age (Piek & Gasson, 1999). The differences in the results may be explained by the 

diversity and lack of rigorous methodological procedures  and by the procedures and variables under 

investigation. 

The quantitative approaches such as electromyography and kinematic analysis have been 

more frequently used to try to overcome possible gaps, but the qualitative behavioral evaluation 

remains essential  to the observation of tasks in motor development.  
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Other studies have tried to find a relationship between the asymmetries  of the upper l imbs 

and lower limbs. Porac and Coren (1981) reported a correlation between  right manual preference 

and right foot preference, but Domellöf et al. (2005) observed 43 newborns and compared the 

lateral bias of the head turning with the stepping and placing lower l imbs movements, and found no 

significant biases or relations between them. Grattan et al. (2005), who evaluated palm reflex, tonic 

neck reflex, Babinsky reflex and placing reflex in 26 premature infants at high risk (born between 23 

and 26 weeks gestational age), found no consistent biases both in terms of lower limbs, and at the 

level of upper limbs, or even in the relationship between the two pairs of limbs. The authors 

suggested there is an intervention of different neural mechanisms in the control of asymmetries of 

the upper and lower body. 

 

2.1.5. Lateral asymmetries in upper limb movements 

Lateral asymmetries in upper limb movements  is the most investigated aspect of the 

laterality research. With regard to the newborn and especially in the first weeks of the baby's life, 

the reflexes have also been addressed and the studies all  agreed on the observation of a bias in the 

right lateral  palmar grasp reflex (Grattan et al., 2005; Tan, Ors, Kurkcuoglu, & Kutlu, 1992; Tan, Ors, 

Kurkcuoglu, Kutlu, & Cankaya, 1992; Tan & Tan, 1999). These studies evaluated the force exerted 

through the grasp reflex using an equipment fitted with a conductor of  electrical current which 

measures the baby’s strength,  with the exception of Grattan et al. (2005), who used a neonatal 

assessment tool , the M-MOBL (Modified-Measure of Behavioral  Laterality), through which the data 

are analyzed using the categories of repeated measurements at the level of reflexes and postural 

reactions. 

From the two months onwards  the baby is able to differentiate between an isolated 

movement of the hand and the arm movement as a whole (Domellöf, 2006) and begins, in a general 

way, to explore much more those upper l imbs movements. The preferenc e for head turning ceases 

to be a marker for studying laterality in the upper body as the child continues its development and 

acquisitions and other activities arise and offer a greater interest in the research of lateral 

asymmetries, such as pointing, reaching, and manipulating objects. 

Between 3 and 4 months babies begin to reach with a poor control of the trajectory of the 

hand. These movements have been investigated by means of kinematic analysis . The anticipatory 

and preparatory adjustments  of the hand for the orientation of an object appear in a rudimentary 

way in tasks such as reaching for objects at around 5 months of age, and significantly improve after 6 

months. At seven months the baby increases the frequency of  movements to reach objects, which 

provides greater visual and motor exploration. The difference between the two hands, which is 

created by a manual preference, for reaching and manipulating objects, results in a difference 

between the experience of hands and in a tendency for a single-handed manipulation. Consequently, 
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a single-handed preference develops in which certain actions are taken on by the preferred hand 

whilst the non-preferred hand takes on other actions  (Hinojosa, Sheu, & Michel, 2003). 

Michel, Tyler, Ferre, and Sheu (2006), studied 51 infants and observed them in tasks of 

reaching and manipulating toys while sitting on their mother's lap. The presentation of each toy had 

duration of 20 seconds during which the child could handle it without interference from the mother. 

They recorded about 24 moments at four different ages and found that manual preference was 

assessed in a reliable way and was relatively stable in children between 7 and 13 months of age. 

These findings agree with Rönnqvist and Domellöf’s (2006) research. These authors suggested that 

between 7 and 11 months manual preference can be properly evaluated and concluded it to be 

relatively stable over this period. Michel, Sheu, and Brumley (2002) studied 154 infants longitudinally 

from 7 to 11 months, observing them in reaching tasks. A clear tendency for the right hand was 

registered. The authors suggested that this bias predicts the manual preference in adulthood. 

In summary, there are several studies which discuss the period when the child reaches the 

final form of a manual preference, however the question that really matters focuses on why the 

child's lateral biases vary so much between left, right and two hands before defining a preferred 

direction. In the perspective of a dynamical approach of motor development these variations are the 

result of successive reorganizations in posture as the child learns to sit, crawl and walk (Corbetta, 

2005). Motor experiences also intervene in this process. 

 

2.1.6. New motor abilities and the lateral asymmetries stability 

The development of manual preference in the first year of l ife is highly adaptable to a 

variety of new sensorial and motor experiences (Corbetta & Bojczyk, 2002; Corbetta & Thelen, 1996; 

Corbetta, Williams, & Snapp-Childs, 2006). Corbetta and Thelen (1999) followed 4 children 

longitudinally during their first year of life and identified two phases: one prior to, and another after 

the period of 30-36 weeks of age. The first phase has been revealed as  a much more variable period 

in terms of trajectories of reaching, characterized by a lack of control  of the arm; the second phase 

shows a greater control of upper limb movements and more stability in the trajectory of reach. 

These results were suggestive enough to conclude that the relationship between arm control , arm 

activity and the choice of arm used to achieve objects is apparently independent of stability of 

manual preference. 

Corbetta (1997) observed 10 children during the transition from crawling to walking 

independently and found that when crawling, they exhibited more unimanual  and lateral patterns to 

reach small objects, although manual preference was always stable. When they began to walk, they 

lost these lateral tendencies and began reaching for objects bimanually. However, after acquiring 

greater stability when walking, the unimanual  patterns reappeared. It was concluded that lateral 
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preferenc es can reorganize themselves several times during the first year of l ife following the 

development of motor skills. 

Over its first 12 months of life, the baby will  suffer the most varied adaptations taking into 

account its growth and development. There is not a consensus regarding the age at which laterality 

stabilizes, but it is obvious that as age is getting older the child will  gradually demonstrate a lateral 

bias which later becomes definitive. We can conclude that one of the contributors  towards 

understanding the lateralized behavior is to accompany the child throughout its longitudinal 

development. Such studies are stil l  a rarity and can be a real added value to respond to  questions 

about the variability of the children’s lateral biases . They will  also help to overcome the gaps in 

methodological procedures  used until now and find the most appropriate method to study the 

behavior of these biases. 
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2.2. Laterality in early infancy: Advantages and implications of longitudinal studies (study 2)  

 

2.2.1. Abstract  

The study of lateral  asymmetries in early infancy highlights questions that suit longitudinal 

methodologies. This essay intends to briefly address the theoretical  and methodological implications 

of longitudinal designs in this domain through an analysis of methodological  studies with this feature 

in mind. Most studies of this nature follow motor development of children during the first year of l ife 

and behavioral observation is often used to assess manual preference in activities that involve 

pointing, grasping and manipulating objects. Such studies may provide an added value to answer 

questions about children lateral biases, in order to clarify the variability over time, and should help 

to overcome the gaps in the methodological procedures  used until  now and find the most suitable 

form of assessment for studying the behavior of these biases. 

Keywords: Laterality; longitudinal designs; motor development; infancy. 

 

Most longitudinal studies of the child’s lateral asymmetries  are centered in the first year of 

life, and use behavioral observation techniques to evaluate manual preference in activities that 

involve pointing, grasping and manipulating objects. The rarity of such studies has been reported by 

several authors (Corbetta & Thelen, 1996; Domellöf, 2006; Michel, Tyler, Ferre, & Sheu, 2006; 

Rodrigues, 2007; Rodrigues & Vasconcelos; 2008; Rönnqvist & Domellöf, 2006). The results observed 

during the first year of life present great diversity, which may be a consequence of intrinsic 

variability of manual preference, the criteria chosen for the selection of variables, or the sensitivity 

of techniques used with the measured variables. 

There are few studies that present measures of kinematic parameters for lateral differences 

or frequency of right-left movements. Studies by Hopkins and Rönnqvist (2002), and Rönnqvist and 

Domellöf (2006), are the main references in this area, and only the latter has a longitudinal design. 

Rönnqvist and Domellöf (2006) explored the presence of laterality patterns  in reaching objects at 6, 

9 and 12 months. They used an easy-to-grasp toy with six spheres with different colors (4 cm 

diameter). The toy was presented at the right, left and midline of babies’ shoulders . The time of 

hand - object contact was measured. At 36 months, being the phase in which supposedly stability in 

preferred hand might have been reached (Corbetta & Thelen, 1996; 1999), babies were evaluated 

through a similar task again, but with a colored spring system using the same relative positions. 

Marks were placed on both wrists for kinematic analysis  and the 36 month–group was videotaped 

while performing activities in order to assess the hand frequency for precision actions  (throwing a 

ball, drawing, hammering). The results did not show a defined preferred side in most babies, 

regarding lateral frequency and distribution of movements at initial  ages. In the 12 month-old group 

a right hand preference was observed, and in the 36 month-old group all children showed a 
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consistent right preference, which is in agreement with the literature (Corbetta & Thelen, 1996, 

1999). 

Corbetta and Thelen (1996) investigated the relationship between fluctuations of reaching 

movements with coordination pattern biases  in four babies throughout their first year of l ife. Thirty-

nine moments were collected for analysis. In this activity the child was offered a small and attractive 

toy, at the midline and up to its shoulders, and movements were counted before, after and during 

the contact with the toy. The results showed that lateral biases in spontaneous and reaching 

movements are unstable, and that all  children showed a short period of lateral right preference 

during their first year of life. These biases have already been seen to stabilize at 3 years of age 

(Corbetta & Thelen, 1999). In this later study the four children and another 21 participants (10 

children and 11 adults) were re-evaluated to validate the tasks. Twelve tasks were filmed with toys 

offered always at the midline, which were subsequently jointly observed and categorized by two 

researchers: (i) hand which reaches the object, and (ii) specialized hand which performs the activity 

(hand that manipulates the toy). The behaviors were classified as left, right or bimanual. The authors 

associated this variability with reorganizations of the postural system, and suggested that at three 

years of age the postural stabilization is associated with an also evident stabilization of manual 

preferenc e (Corbetta & Thelen, 1999). 

Lateral preference in the lower limbs was addressed in two studies that observed kicking 

activity with different results . In a study with 8 babies from two to 26 weeks of l ife (Thelen, Ridley-

Johnson, & Fisher, 1983) there was no preference in the lower l imb, but in another study, the right 

leg is referred to as the favorite in 14 babies between four and 24 weeks of age (Piek & Gasson, 

1999). The differenc es in results may be explained by the methodological diversity in the procedures 

and variables (Lynch, Lee, Bhat, & Galloway, 2008). 

A study by Piek, Gasson, Barrett, and Case (2002) investigated the coordination of 

movements along the upper and lower limbs, at a supine position, at 6, 12 and 18 weeks of life, 

analyzing the coordination parameters  intra-limbs and between limbs (ipsilateral and contralateral). 

Differences were found in the lateral  coordination of the upper and lower l imbs, as well as similar 

patterns of coordination between upper and lower l imbs. The authors emphasized that coordination 

between the upper l imbs emerges before the one involving lower limbs. 

Lynch et al. (2008) conducted a study with a longitudinal design on lateral asymmetries in 

the anticipation movements of reaching an object, both with and without a toy present. The sample 

consisted of 13 infants observed weekly from eight weeks until  the reaching onset. The reaching 

onset was individually defined as the first week that total toy contacts  were three times greater than 

any previous week. Infants were seated on a chair oriented at 30 degrees, allowing full  range of 

motion of the upper and lower limbs. In the ‘without toy’ condition the researcher was seated in 

front of the infant and spoke to him; in the ‘with toy’ condition the object was presented at the 
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midline, i .e. at the level  of the baby's shoulders. The results showed significant lateral asymmetries, 

but did not identify a definite pattern for the condition ‘with’ and ‘without toy’, nor did it present 

evidence supporting systematic lateral movements in the anticipation movements of the upper 

limbs. 

Most studies that follow motor development of children during the first year of life apply 

the method of observing behavior, which on the one hand preserves some ecological  realism; on the 

other hand, it might be less objective and less rigorous in data analysis. Michel and Harkins (1986) 

related the lateral biases of head turning in neonates with subsequent manual preference. The study 

evaluated manual preference in tasks of reaching objects at eight different periods between 3 and 

12 months of age. The results revealed that (i) most newborns maintained a stable manual 

preferenc e during this period; (ii) it was possible to predict the manual preference via bias of head 

turning and (iii) manual preference was maintained during the first two months, inducing 

asymmetries in motor and visual control of babies’ hands.  The authors suggested that head turning 

biases in the neonatal period may contribute to the posterior stability of manual laterality. These 

results, however, were not confirmed by subsequent research (Corbetta & Thelen, 1996, 1999; 

Rönnqvist & Domellöf, 2006). 

Konishi, Kuriyama, Mikawa, & Suzuki  (1987) observed low-risk premature infants at 

different times of their development at three stages (after birth, 9 and 18 months). Initially, 44 

infants were placed at a supine position and 37 in the prone position and the results showed that 

head’s  turning to the right was persistent in infants placed at the supine position. At 9 months, the 

authors evaluated the right hand preference, which proved to be more marked in babies who had 

been placed in the supine position, while those placed in the prone position tended to use their 

hands bilaterally. This bias persisted at 18 months. 

The identification of asymmetries of both hands’ movements, (Morange-Majoux, Peze, & 

Bloch, 2000), was studied in 8 babies between 20 and 32 weeks (in intervals of two weeks). Infants 

were seated and were guided towards a cube at a reachable distance in two symmetrical positions 

(left and right) successively. Reference points were marked on the elbow, wrist and thumb, and the 

frequency of movement and change of direction were observed. Authors only considered uni -and 

ipsilateral reaching movements of the hand. The following variables were analyzed: (i) hand 

movements, (i i) measure of total time movement and (iii ) displacements of reference points of the 

body in order to measure the trajectory and direction changes of each movement. The results 

showed that the right hand takes less time to reach the cube, has a more direct trajectory and 

registers less corrections that the left hand.  

Other studies have been focusing on the tasks of midline crossing to address the uni-and 

bimanual preference for reaching objects. Van Hof, Van der Kamp, and Savelsbergh (2002) filmed 20 

children longitudinally at 12, 18 and 26 weeks, having used a small ball  of 3 cm in diameter and one 8 
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cm ball , both carrying the same color, which were presented to the babies in three positions 

(ipsilateral, midline and contralateral ) in front of the left shoulder and right shoulder. They analyzed 

the uni-and bimanual movements used for each range, as well as the time spent looking at the ball , 

and the crossing the midline aspects. The results showed that, with age, midline crossing increases, 

and that the action is associated with the size of the object. Usually midline crossing tasks have 

mostly been occurring with samples covering children aged from 3 years on wards (Bryden & Roy, 

2006; Carlier, Doyen, & Lamard, 2006; Gabbard, 1992; Gabbard, Rabb, & Gentry, 2001; Leconte & 

Fagard, 2005). 

Hinojosa, Sheu, and Michel  (2003) with infants at 7, 9 and 11 months, showed that the 

preferred hand for reaching and grasping objects was the same as the preferred hand for 

manipulating objects. Babies were divided into three groups according with their manual preference: 

(i) right manual preference, (i i) left manual preference and (iii) without lateral preference. Children 

were sitting on their mother's lap or on a chair, and the authors placed a camera above and to the 

right of the child. Twenty-four small  toys were presented to 7 and 9 months old babies. At 11 

months five more toys, deemed more appropriate to their stage of development, were additionally 

presented. The results showed a consistent lateral preference at all  three stages. Data were coded in 

twenty-five operational definitions of uni manual manipulation (e.g. shaking, dropping, put in the 

mouth, rotating the object) and classified according to the reference points  with five categories of 

manipulation (e.g. the hand category included behaviors with at least two fingers clinging around the 

object; the drop an object category). The results suggested that the difference between hands, 

created by reach preferenc e, is associated with differences in object manipulation and a tendency 

for the unimanual manipulation. Consequently, a preference in unimanual  manipulation can develop 

a differentiated bimanual manipulation in which the preferred hand takes on cer tain actions and the 

non-preferred hand takes on other actions. 

Corbetta (1997) followed 10 babies between the transition from crawling to independent 

walking and found that, despite manual preference not being stable during the crawl, the child 

develops more consistent uni  manual reaching patterns when it comes to small  objects. When the 

child starts walking, this consistency is lost. Later, Corbetta and Bojczyk (2002) studied the reaching 

adaptive responses of nine infants weekly during the periods before, during and after the transition 

to standing and walking. The results suggest that infants respond in an adaptive manner to each task 

before acquiring a standing position and subsequently increase the bimanual responses in all  tasks. 

The activities with both hands simultaneously decreased only when babies got a more effec tive 

balance. 

The study of Marschik et al. (2008), involving 20 children, related the lateral  biases in 

reaching tasks at 5 months with manual preference at preschool ages. This study showed a right 
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manual predominance in almost all  babies when the objects were presented in the right hemispace, 

regardless of object size, contrary to a study by van Hof, van der Kamp, and Savelsbergh (2002). 

There are criticism surrounding the method of classification and evaluation of manual 

preferenc e (Michel et al., 2006), related to the criteria used for determining preference and defining 

tasks and the contexts of their implementation. In this respect, Michel et al. (2006), studied 51 

infants and observed tasks of reaching for and manipulating toys while they were sitting on their 

mother's lap, at 7, 9, 11 and 13 months of age. The presentation of each toy lasted 20 seconds and 

the child could handle it without interference from the mother. Each infant provided hand use data 

for at least 24 presentations for each age period, and rated the lateral option of the hand that first 

touched the object. Manual preference was assessed in a reliable way and was relatively stable at 

the ages under study. The authors refer, however, that in order to identify manual preference of the 

child, several moments of evaluation are needed because there can be more manual preference 

movement patterns during infancy. 

According to Domellöf (2006), longitudinal studies are rare in children when using a 

quantitative assessment to characterize biases of reaching movements. The typical  longitudinal 

studies on handedness in children measure the phenomenon of manual preference several times at 

different periods and analyzes different measures as "steps" along the development. Several authors 

call  for the need for longitudinal studies involving larger samples, and observation of a greater 

number of behaviors at different ages (Corbetta & Thelen, 1996; Rönnqvist & Domellöf, 2006) in 

order to clarify the issue of variability of the lateral biases in children. 

In summary, the review of longitudinal studies highlights key theoretical and 

methodological issues, such as the criteria for selection of variables in accordance with the phase of 

child development (frequency, duration, lateral preference), the size and homogeneity of the 

samples, the physical characteristics of the objects, the methods for capture and image processing, 

the placement of infants, parents and researchers, and even the categorization and classification of 

data. 
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3. The upper limb and head turning in the newborn 

 

3.1.  Upper limb and head turning asymmetry in motor activity of newborn infants up to 3 -

months old (study 3) 

 

3.1.1. Abstract  

The study of manual asymmetries in early infancy suggests a fluctuating, ever-changing process. 

Stability is acquired gradually with age but the moment when lateral preference is defined varies 

greatly among authors  and among studies. Longitudinal studies oriented to the understanding of the 

development of manual asymmetries and its correspondent fluctuations across the development are 

scare. This study aims to characterize upper limb asymmetries and lateral head turning in infants, 

from birth up to 3-months old. A behavioral observation process was used on a convenience sample 

(n=20) of newborn infants during the postnatal period. Filming was carried out using a digital 

camera, on three repeated moments. The analysis was focused on the sum of the movements of 

head turning and of the upper limbs and the results describe lateral activity, in terms of preference 

and stability during this 3-month period. Our results showed a consistent head turning symmetry, 

and more activity of the left upper l imb during the first three months of life. There was an absence of 

preferred population lateral biases  at the three moments under analysis. Future research in this 

subject should address the duration of movements as well as their frequency in a larger number of 

newborn infants and occasions. 

 

Keywords: Manual asymmetries; laterality; head turning; infants; motor development. 

 

3.1.2. Introduction 

Studies carried out on laterality in newborns focus mostly on the analysis of lateral 

asymmetries in head turning from the midline. Neonatal head turning can be explained by hereditary 

(Liederman & Kinsbourne, 1980) and environmental causes (Rönnqvist & Hopkins, 2000). Extrinsic 

factors such as the baby’s posture or the state of awareness are determinants in the evaluation of 

these asymmetries.  

Rönnqvist and Hopkins (1998) find it questionable to consider one or two types of  

asymmetries, involving different neural  mechanisms in the head turning, with respect to (i) keeping 

the head in a preferred position, or (i i) turning the head from the midline. The authors concluded 

that in both situations, there is a right lateral preference. They also state that both situations are a 

reflection of equally active neural  processes originated by the environment’s regulation, given the 

high association between the head turning and the consciousness state of the baby. Thus, the lateral 

bias is mediated by the baby’s state of consciousness , translated into different levels of quality and 
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quantity of motor activity, a factor considered in several studies with neonates (Grattan, Vos, Levy, & 

McClintock, 1992; Domellöf, Hopkins, & Rönnqvist, 2005; Thelen, Ridley-Johnson, & Fisher, 1983; 

Thelen, Fisher, Ridley-Johnson, & Griffin, 1982; Trehub, Corter, & Shosenberg, 1983). 

Various authors have agreed that there is a head turning preference in the newborn when 

lying in supine position (Cioni & Pellegrinetti, 1982; Ecklund-Flores & Turkewitz, 1996; Konishi , 

Kuriyama, Mikawa, & Suzuki, 1987; Rönnqvist & Hopkins, 1998; 2000; Hopkins et al., 1990; 

Thompson & Smart, 1993). Some authors refer that newborns have a preference for turning and 

keeping the head to one side with a preference for turning the head to the right-hand side (Grattan 

et al., 1992; Hopkins, Lems, Jassen, & Butterworth, 1987; Rönnqvist & Hopkins, 1998; 2000). 

However, others did not found lateral biases for head turning in newborns (Domellöf et al., 2005). 

This mentioned authors, compared head turning to lower limb asymmetries and did not found 

lateral biases for head turning or for the first foot to move in stepping and placing. 

Other studies have linked the lateral bias of head turning in neonates with subsequent 

manual preference. Michel and Harkins (1986) used a sample of 10 newborns with right lateral 

biases in head turning and another 10 newborns showing left lateral bias, and afterwards evaluated 

their manual preference with a test of reaching for objects, at 8 different moments during the period 

of 12 weeks up to 24 weeks after birth. The results revealed that (i) most newborns maintained a 

stable manual  preference during this period; (i i) it was possible to predict the manual preference on 

the basis of head turning tendency, (i ii) the manual preference was maintained during the two first 

months, leading to asymmetries in motor and visual  control of the hands. It was suggested that 

these biases of head turning in the neonatal period may contribute to laterality stability. 

Although the most investigated lateral asymmetry in the newborn has been head turning, 

other lateral preferences such as lateral reflexes and particularly the tonic neck reflex have also been 

addressed (e.g. Cioni & Pellegrinetti, 1982; Grattan et al., 2005), but with no conclusive results with 

regard to a persistent asymmetry. The palmar grasp reflex, has also investigated by some authors 

that observed a right lateral preference (Tan & Tan, 1999; Tan, Ors, Kurkcuoglu, & Kutlu, 1992). 

However, other studies have not observed significant asymmetries in these behaviors (Cioni & 

Pellegrinetti, 1982; Tan & Tan, 2001; Tan, Ors, Kurkcuoglu, Kutlu, & Cankaya, 1992; Thompson & 

Smart, 1993). According to Domellöf (2006), most longitudinal studies in this field are focused on 

infants over 6-months old, with studies about newborns being a minority. Despite the inconsistency 

of the results, it was suggested that the postnatal lateral preference could be a potential indicator of 

hand preference that will  be adopted later.  

Studies about upper l imb movements also presented a mbiguous results. Some studies 

mentioned a behavioural  bias with a preference for the right upper l imb (Michel & Harkins, 1986; 

Petrie & Peters, 1980; Strauss, 1982), for the left upper l imb (McDonnell, Anderson, & Abraham, 
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1983) but some other studies did not find asymmetries during this period (Corbetta & Thelen, 1999; 

Lynch, Lee, Bhat, & Galloway, 2008; Ottaviano, Guidetti, Allemand, Spinetoli , & Seri, 1989). 

Corbetta and Thelen (1999) followed four children throughout their first year of l ife and did 

not find consistent lateral preference or lateral stability during the first months of l ife, specifically up 

to when infants were able to reach out for objects. As in many other developmental trends the 

manifestation of stable behavior is closely related to the exploration of affordances and vice-versa. 

The perception-action cycle has a visible developmental component.  

In another longitudinal study, Lynch et al. (2008) analyzed right and left hand kinematics 

during trials with and without a toy in thirteen babies that were observed weekly starting at 8-weeks 

of age through the week of reach onset. The results did not evidence a defined pattern for the ‘with’ 

and ‘without’ toy variable, hence not confirming systematic lateral evidence before reach onset in 

movements with or without toys. 

Some limitations in the investigation of motor asymmetries during this period can be 

pointed out. Methods, procedures such as the criteria for selection of variables (frequency, duration, 

lateral preference), the size and homogeneity of the samples, the methods for capture and image 

processing, the placement of infants, parents and researchers, and even the categorization and 

classification of data, and the type of scoring attributed to the behaviors observed may often explain 

the differenc es in results between studies.  

In addition, not controlling or not defining infants’ behavioural states at the time of 

observations may influence results (Rönnqvist & Hopkins, 2000). This is a very important aspect to be 

taken into consideration in infant’s research. Several investigations discuss the period in which the 

child achieves a definitive hand preference, and the reasons for the fluctuation between left, right 

and both hands before defining a final preference is of obvious interest. There is no consensus 

among the various studies and authors about the age of stabilization of lateral preference. However, 

it is obvious that as age advances, the child progressively demonstrates a lateral preference which 

later becomes definitive.  

In the present study, lateral preference of head turning and upper limb activity and the 

correspondent asymmetry in three moments will  be investigated.  

 

3.1.3. Methods 

Sample  

Twenty newborns (9 girls and 11 boys) were selected by convenience from two hospitals in 

Lisbon. The sample consisted of all babies that were born during two consecutive weeks in those 

hospitals, and whose parents agreed to participate in the study.  
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The inclusion criteria required that babies were healthy and without pre-, peri- or postnatal 

complications that could interfere with their psychomotor development. They had been admitted to 

the obstetrics department after birth, and their mothers presented, in the prenatal period, a 

pregnancy with no complications. The babies did not present any growth delay during their fetal 

period, and they had a full -length pregnancy (37-42 weeks) that ended with a normal birth. In 

postpartum, they had a normal Apgar Score (≥8). Exclusion criteria were: functional or cognitive 

inability or neuromotor and/or orthopædic disease. At least one parent accompanied each child 

during the observation sessions and informed consent was obtained from parents.  

Procedures 

Filming was carried out with a digital camera, in three observation moments (newborn, 1 -

month old and 3-months old), with the first session taking place in a nursery and the others in the 

subjects’ homes, allowing for a natural and familiar environment for the baby. All  subjects were 

recorded in the same condition and they were in supine position. The digital camera was positioned 

in a frontal plane.  

All  babies were observed between wakefulness and alertness, i .e. during the state 4, 

according to Prechtl and O’Brien (1982) state scale. The noise of the environment was kept at a very 

low level, and light was controlled by fi lming all  babies under natural light conditio ns at the same 

moment of the day. To account for developmental changes, at 3 months, but not at birth and 1 

month, a plastic mobile was introduced and positioned over the midline of the infant to attract 

his/her visual attention. At the 3 initial sessions, the recording times ranged from 2 to 4 minutes, 

with an average of 2 minutes and 53 seconds. This movement recording time was longer than in 

prior longitudinal studies. Studies that observed spontaneous movements in infants used filtered 

images with an average of 60 seconds (Corbetta & Thelen, 1996, 1999) and 30 seconds (Lynch et al., 

2008) for each moment observed.  

Behavioral analysis was performed by two independent observers that were familiar with 

observation techniques and presented high inter-observer reliability scores: 94% for the newborn, 

90% for the 1
st 

month and 89% for the 3
rd 

month. The observers tracked the number of 

spontaneous, self-generated movements that infants performed with their head turning to the left 

and to the right and with the right, left and both arms. Spontaneous movements were defined as 

any head movement from the midline to the right and to the left side, and any free arm movement 

generated by the infant from their proximal joints (shoulder and elbow joints). Each joint 

movement, i .e. flexion, extension, abduction, or adduction was considered as one movement. 

Distal movements of the finger(s) or hand alone were not included. Head turning movements were 

defined as the discrete actions from the midline and from one side to the midline or to the other  

side. The sum of all  movements identified was used to calculate a lateral asymmetry quotient 

(LAQ), as described by Carlson and Harris (1985). The formula was calculated by subtracting the 
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total number of left movements from the total number of right movements , and dividing the 

difference by the sum of all  right and left movements. Movements involving the simultaneous 

activity (e.g. both arms), were accounted in the equation by assigning half of the movement score 

to one arm and the other half to the other arm (similar equations were used by Corbetta & Thelen, 

1999). The LAQ score obtained represents a value between +1 and -1, where the sign indicates the 

direction of manual or head turning preference, with a positive value for a right preference and a 

negative value for a left preferenc e. The strength of lateral preference is reflected by the number  

(between 0 and 1). Infants were considered “consistent left” for values equal to -1.00 and 

“consistent right” to values equal to +1.00. Infants were classified as “no consistent left” (NCL) with 

intermediate negative values, and “no consistent right” (NCR) with intermediate positive values. 

Infants with a laterality quotient of 0 were considered as “no preference” (NP). Because the LAQ is 

a frequency measure that is bound between +1 and -1 and does not meet the criterion normal 

distribution, the direction and consistency of lateral asymmetry was assessed using non-parametric 

statistics and a significance level of <0.05. 

 

3.1.4. Results  

Participants age ranged from 37 to 41 weeks, the mean gestational age was 39,1±1.0 weeks. 

Pos natal age ranged from 1 to 5 days, and the mean pos natal age was 2,7 ±1.3 days. The weight at 

birth ranged from 2,450 Kg to 4,055 Kg, with a mean weight of 3,181±0,443 Kg. The average number 

of head turning movements produced by the infants at each ages and used for the computation 

were 5 ,5±4,6 at birth, 7,4 ±4,5 at 1
st

 month, and 7,7±7,8 at 3
rd

 month. The average number of arm 

movements were 13,8±6,8 at birth, 17,7±8,4 at 1
st

 month, and 13,5±7,2 at 3
rd

 month. 

The results showed an overall  gradual progress in the frequency of movements from birth 

to 3-months, in both right and left upper limbs as shown in Table 3.1.   

Table 3.1. Mean of movement’s frequency, standard deviation (SD) and range for right arm, left arm 

and head turning (HT). 

 
Right Arm Range Left Arm Range Right HT Range Left HT Range 

Birth 1,9±0,9 0,3-3,7 2,1±1,5 0-5,0 1,0±0,9 0-3,5 0,9±1,0 0-3,5 

1
st

 month 2,5±1,5 0,3-5 2,9±2,2 0,5-9 1,3±0,7 0-3,0 1,3±0,9 0-3,3 

3
rd

 month 2,1±1,4 0,3-5 2,4±1,2 1-5,0 1,6±1,6 0-5,7 1,5±1,3 0-4,3 

 

A slight decrease in arm movements’ frequency can be observed from the 1
st

 to the 3
rd

 

month of age. These values indicate also a small advantage of the left arm, in relation to the average 

frequencies of the whole sample (Birth: 2,1±1,5; 1
st

 month: 2,9±2,2; 3
th

 month: 2,4±1,2). Regarding 
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the period recorded (1-2 minutes), interval data showed that in the majority of the moments some 

babies repeatedly presented a very few movements. Bilateral movements frequency of the arms 

were much lower than right and left arm movements frequency during the three months observed 

(Birth: 0,7±0,5; 1
st

 month: 0,6±0,5; 3
th

 month: 0,9±0,9). A lateral symmetry in head turning and upper 

limb was observed during the three observation moments.  

The consistency of laterality of each infant was analyzed. Table 3.2. indicates the lateral 

asymmetry quotient for arm preference for the total sample: consistent right arm preference (CR); 

no consistent right arm preference (NCR); consistent left arm preference (CL); no consistent left arm 

preferenc e (NCL); no arm preference (NP); no arm movements observed (NM). To test a statistical 

significance of the LAQ distributions a Chi -Square at each age moment was used. 

Table 3.2. Distribution of LAQ by age, strength, and direction for arm preferenc e for the total sample. 

ChiSquare p values are reported by age.  

  CR NCR CL NCL NP NM Sample p 

Birth  1 8 0 9 2 0 20 0.007 

1
st

 month 0 8 0 11 1 0 20 0.019 

3
rd

 month 0 4 0 10 6 0 20 0.247 

 

Lateral asymmetry quotient values indicate just one participant at birth with a consistent 

preferenc e (right arm preference). The majority of infants were not consistent in their lateral 

preferenc e, and most of them manifested a left arm preference for all  the moments observed. The 

number of infants showing a no lateral side preference increased from the first to the 3
rd

 month. 

Table 3.3. indicates the lateral asymmetry quotient for head turning preference, for the total sample: 

consistent right head preference (CR); no consistent right head preferenc e (NCR); consistent left 

head preference (CL); no consistent left head preference (NCL); no head preference (NP); no head 

movements observed (NM). Data confirms that infants at the 3 moments displayed mostly 

inconsistent or non-lateralized arm movements, especially at birth and at the 1
st

 month of age. 

Table 3.3. Distribution of LAQ by age, strength, and direction for head turning preference, for the 

total sample. ChiSquare p values are reported by age.  

  CR NCR CL NCL NP NM Sample p 

Birth  0 4 0 5 7 4 20 0.646 

1
st

 month 1 7 1 6 5 0 20 0.092 

3
rd

 month 1 6 0 7 3 3 20 0.148 
 

The analysis of the lateral asymmetry quotient for head turning showed that two infants 

exhibited consistency to the right head turning (1
st

 and 3
rd

 months), and a slight dominance of the no 
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consistent left head turning comparing with the right no consistent infants . The number of infants 

showing a no head side preferenc e decreased gradually with age. However, for some infants there 

were no observed head turning movements. Infants at the three moments displayed mostly 

inconsistent or non-lateralized head turning movements, but without significant Chi-Square p values. 

The individual stability of laterality direction for the arm and head turning was not observed 

in the group. Figures 3.1.A and 3.1.B represents the average LAQ for arm movement and HT 

preferenc e at the three moments. 

 

Figure 3.1.A LAQs of spontaneous arm movements  (AM) preference. The 20 individual LAQs are 

reported at each of the three moments following the same order. 

 

 

Figure 3.1.B LAQs of spontaneous head turning movements (HT) preference. The 20 individual LAQs 

are reported at each of the three moments following the same order. 

Figures 3.1.A and 3.1.B shows that the majority of the LAQ values across all  three moments 

range between 0.5 and -0.5, indicating that infants displayed mainly weakly lateralized, non-
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consistent movement biases of HT and upper arm activity. The direction of the LAQs between infants 

and across all  three moments is also inconsistent indicating the absence of a preferred population 

lateral bias. The observation of each child’s LAQ over time also reveals no consistency in the 

direction of the lateral biases at the individual level. Out of the 20 infants, only two (infants #10 and 

#19) maintained a consistent negative direction in Arm LAQ, with slightly more left arm movements 

than right arm movements. All  other 18 infants had LAQ values that fluctuated between right, left, or 

no arm preferred side. One infant (infant #9) showed no head turning preference during the three 

moments observed. All  other 19 infants had LAQ values that fluctuated between right, left, or no 

head turning preferred side. 

 Figure 3.2. reports the summary of the average LAQs of the whole group and for the three 

months period, and shows, as mentioned, that the LAQs are very low, reflecting a lack of an early 

preferred lateral bias for both HT and Arm movements’ preference (HT LAQ: 0.05, 0.01, 0.06 and 

Arm LAQ: 0.05, -0.07, -0.09 at birth, 1, and 3 months respectively). 

 

Figure 3.2. Average LAQs of HT and Arm Movements (AM) of the whole group and for the three 

months period. 

A Friedman ANOVA on ranks, which accounts for the repeated measures over the three 

sessions for all 20 infants, revealed a no significant developmental trend (HT ChiSquare (2) = 0.933, p 

> .005; Arm ChiSquare (2) = 2.487, p > 0.05). 

 

3.1.5. Discussion 

A lack of an early preferred lateral bias for both HT and Arm movements that was observed 

in this study corroborate the most rec ent studies on this topic (Corbetta & Thelen, 1999; Lynch et al., 

2008). One of the reasons for this may be the poor voluntary control during this period, expressed in 
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a reflexive motor activity that tends to be symmetrical. Our observations reveal a very slight 

prevalence (around 5%) of spontaneous l eft upper l imb movements.  

Spontaneous arm movements in newborns were observed previously by Ottaviano et al. 

(1989), that found no side preferenc e in the absence of goal directed behavior and a significant right-

hand preference in target directed movements. Our results confirm the absence of asymmetry in 

spontaneous movements during the three first months of post-natal life. The increased voluntary 

movement control at 3-months of age might be the reason for the gradual increase in the observed 

movement frequency.  

Most studies investigating lateral biases in newborns preferred the supine position to 

evaluate the spontaneous movements (e.g. Piek, Gasson, Barrett, & Case, 2002; Rönnqvist & 

Hopkins, 1998). Lynch et al. (2008) sat infants since their eight weeks of age in a custom chair and 

found that position may have resulted in atypical high levels of symmetry compared with supine 

posture or when held by a parent. It is possible that head motor asymmetries are state dependent, 

but independent of position in space, as stated by Rönnqvist and Hopkins (2000) when observing 

head turning movements in supine and semi-upright position minimizing biomechanical and postural 

constraints imposed by gravity. In the present study the supine position was used to observe the 

newborns, offering a more feasible way to do it, never theless, the activity performed against gravity 

tends to minimize the manifestations of early lateral biases (Corbetta & Thelen, 1999).  

Independently of the type of lateral asymmetries, there is a consensus that lateral 

preferenc e is inconsistent and unstable during at least the first two years of a child’s life (Corbetta & 

Thelen, 1999; Corbetta, Williams, & Snapp-Childs, 2006; Fagard, 1998). Although a clear symmetry in 

infants of this age was not expected, a small number of infants showed lateral consistent 

asymmetries and a small number showed no consistent asymmetries. For head turning as well as for 

the upper l imb movements those asymmetries expressed a tendency for symmetry in the total 

sample. In some cases a slight prevalence to the left side was observed. 

During this period manual preference alternates between the left and right sides or both 

sides simultaneously. During the first three months of l ife it was not possible to trace preferenc es, 

but manual symmetry was observed in the two upper l imbs when in supine position. Our results 

support the studies carried out by Corbetta and Thelen (1999) and Lynch et al. (2008), which are 

considered as being a reference in this field. It is worth mentioning that the number of subjects in 

our sample is bigger than that of other studies in this domain and that our data collection was 

carried with observations during a state between wakefulness and alertness, respecting Rönnqvist 

and Hopkins (2000) suggestion. 

The explanation of asymmetries in lateral preferences requires an understanding of the 

genetic, environmental and cultural contexts during an individual’s development (Fagard, 2006). 
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However, until  3-months of age the effects of the environment on the asymmetry of spontaneous 

movements may be quite small.  

This study showed symmetry in early spontaneous arm and head movements, with a little 

bias towards the left side, what obviously calls for additional investigations in the following 

developmental stages. Future research in this subject should address the duration and amplitude of 

spontaneous movements as well as their frequency. 
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4. Lateral asymmetries during the first two years 

 

4.1. Lateral manual asymmetries. A longitudinal study from birth to 24 months (study 4) 

 

4.1.1. Abstract  

Longitudinal studies tracking the early development of manual asymmetries are fairly rare compared 

to the large number of studies assessing hand preference in infancy. Most studies used behavioral 

observation over relatively short spans considering the celerity of development during the first years 

of l ife, and many studies vary in their findings . This study aims to investigate the direction and 

consistency of manual lateral asymmetries over a longer period, from birth to 24 months of age. 

Nineteen healthy infants were observed eight times in tasks that were adjusted progressively as 

infants manual skil ls developed. Analyzes focused on individual and group trajectories, as a way to 

better understand prior discrepancies in findings. Results suggest distinct periods in terms of the 

direction, strength, and consistency of manual preference depending on the level of analysis carried 

out. Overall, infants went through an initial  phase characterized by a lack of lateral manual 

asymmetries. From 9 months of age however, group analysis revealed an emerging and steadily 

growing right lateral bias over time, while individual trajectories revealed that this group-level steady 

right-bias in reality formed from a background of highly fluctuating and highly variable 

developmental trajectories. 

Key words: longitudinal  studies; infants; lateral asymmetries; lateral preference.  

 

4.1.2. Introduction 

The development of manual preference (MP) in the first years of life has been researched 

by a relatively small number of longitudinal studies (see table 4.1.) although it is recognized that this 

type of design is essential  to better understand changes over time. Several authors have argued for 

the need for  such studies with larger samples and a greater number of observations over a wider 

range of behaviors (Corbetta & Thelen, 1996; Ferre, Babik, & Michel, 2010; Michel, Tyler, Ferre, & 

Sheu, 2006; Rönnqvist & Domellöf, 2006). 
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Table 4.1. Longitudinal studies on the development of early infancy manual preference. Studies are listed in chronological order based o n the age range studied. 

Authors N Age ranges  
# of 

sessions 
Behaviors Methods Variables Summary of findings 

PRE-REACHING 
       

Piek, Gasson, Barrett, & Case, 
2002  

10 6, 12 and 18 w 3 Spontaneous movs 
Kinematic 
recordings 

LP; Upper and 
lower interlimb 
coordination 

Similar upper and lower interlimb coordination. No evidence of lateral differences. 

Lynch, Lee, Bhat, & Galloway, 2008 13 
Biweekly, 8 w to 
reaching onset 

6-8 Pre-reaching 
Kinematic 
recordings 

MP No significant evidence between R or L MP. 

REACH ONSET & BEYOND 
      

Corbetta & Thelen, 1996 4 
Weekly, 3-30 w; 
biweekly, 30-52 w 

39 
Non reaching; 
reaching 

Behavioral 
obs; 
Kinematic 
recordings 

MP ; upper 
interlimb 
coordination  

Interlimb coordination patterns in reaching related to spontaneous movs. Reaching movs 
fluctuate between uni and bimanual patterns.  

Corbetta & Thelen, 1999 4 
Weekly, 3-30 w; 
biweekly, 30-52 w 
and 3 years 

40 
Non reaching; 
reaching; 
manipulating 

Behavioral 
obs; 
Kinematic 
recordings 

LP; MP  
Lateral biases are unstable during the 1st year, all infants displayed a period of R MP. Period 
consistent with the R MP at 3 years. 

Van Hof, van der Kamp, & 
Salvelsbergh, 2002 

20 12,18 and 26 w 3 Reaching 
Behavioral 
obs 

MP 
With the age infants increasingly adapt of hands use to the size of the object. The number of 
reaches crossing the body midline increases with age. 

Morange-Majoux, Peze, & Bloch, 
2000 

8 
Biweekly, 20 to 32 
w  

7 Reaching; grasping 
Kinematic 
recordings 

MP 
R hand is more proficient in terms of movement time, straightness, number of changes in 
direction than the L hand. 

Carlson & Harris, 1985 32 
 24, 27, 30, 33, 36, 
39 and 52 w 

7 Reaching 
Behavioral 
obs 

MP 
MP in reaching is unstable, related to family laterality and gender, and depended on test object 
placement. 
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Michel & Harkins, 1986 20 3 - 12 m 8 
Spontaneous head 
orientation; 

reaching 

Behavioral 
obs 

HT; MP Stable MP. R MP and R HT preference. HT predicts MP. 

SECOND HALF OF 1st YEAR & BEYOND  
     

Marschik, Einspieler, Strohmeier, 
Plienegger, Garzarolli, & Prechtl, 
2008 

20 5 m and 5 years 2 
Reaching;  motor 
tasks 

Behavioral 
obs 

MP 
R MP in most infants when objects placed at R hemispace. This R MP correlated to R MP at 
preschool age. 

Ferre, Babik, & Michel, 2010 85 Monthly, 6 to 14 m 9 Prehension 
Behavioral 
obs 

MP R MP in most infants at 6 m, maintained stable throughout the next ages studied. 

Rönnqvist & Domellöf, 2006 17 6, 9, 12 and 36 m 4 Reaching; grasping 

Behavioral 
obs; 
Kinematic 
recordings 

MP No R or L MP identified at 6 and 9 m in regard to movs frequency. R MP at 12 and at 36 m. 

Michel, Sheu, & Brumley,2002 154 7, 9 and 11 m 3 Apprehending 
Behavioral 
obs 

MP R MP in reaching, considered predictor of MP at adult age.  

Michel, Tyler, Ferre, & Sheu, 2006 51 7, 9, 11 and 13 m 4 Reaching; grasping 
Behavioral 
obs 

MP R MP greater than L MP, and stable among studied periods. 

Geerts, Einspieler, Dibiasi, 
Garzarolli, & Bos, 2003 

26 14, 18 and 25 m 3 
Grasping; 
manipulating; 
inserting 

Behavioral 
obs 

MP R MP for some tasks and no preference for others. 

Hinojosa, Sheu, & Michel, 2003 25 7, 9 and 11 m 3 Reaching; grasping 
Behavioral 
obs 

MP R MP in most infants, those infants increased their R MP for unimanual activity from 7 to 11 m. 

Corbetta & Bojczyk, 2002 9 Weekly, 4 to 8 m 14-33 Reaching 
Behavioral 
obs 

MP ; upper 
interlimb 
coordination  

The results suggest that infants’ return to 2-handed reaching is experience dependent. 

Abbreviations: HT = head turning; LP= lateral preference; MP = manual preference; L = left; R = right; movs = movements; obs = observation; m = months; w = weeks. 
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A review of previous longitudinal studies shows that findings across studies are not always 

consistent and vary presumably because of the diverse methodological and analytic approaches 

employed (see table 4.1.). The majority of the studies assessed manual asymmetries using reaching 

and/or grasping tasks (Carlson & Harris, 1985; Corbetta & Thelen, 1996; Corbetta & Thelen, 1999; 

Domellöf, 2006; Ferre et al., 2010; Geerts, Einspieler, Dibiasi, Garzarolli , & Bos , 2003; Marschik, 

Einspieler, Strohmeier, Plienegger, Garzarolli , & Prechtl, 2008; Michel, Sheu, & Brumley, 2002; 

Michel et al., 2006; Michel & Harkins, 1986; Morange-Majoux, Peze, & Bloch, 2000; Rönnqvist & 

Domellöf, 2006). However, while some of these studies reported a right MP, others found no 

consistent evidence of lateral differences. For example, Corbetta and Thelen (1999) studied the 

relation of lateral biases between non-goal-oriented patterns of upper arm activity and object-

directed patterns of reaching in four infants followed at frequent intervals throughout their first year 

of life. A toy was offered and placed at the infants’ body midline, and the arm movements were 

recorded before, during and after contact with the object. The results showed unstable, fluctuating 

lateral biases in both non-goal-oriented and goal oriented patterns , although all  infants underwent a 

short period of right-handed preference during their first year of life. This right-handed period 

matched the infants’ more established preferred hand use at a 3 year old assessment.  

Other studies (Ferre et al., 2010; Michel et al., 2002, 2006; Rönnqvist & Domellöf, 2006) 

observed infants during the second half of their first year of life in reaching, grasping, and object 

manipulation tasks. Rönnqvist and Domellöf (2006) did not identify a clear side preference in infants 

between 6 and 9 months regarding frequency and distribution of lateral movements, but they 

observed a right MP at 12 months, and a consistent right MP at 36 months, which is in line with 

previous studies (Corbetta & Thelen, 1999).  Michel and colleagues on the contrary, reported a 

relatively stable MP over that same age range across a number of studies (Ferre et al., 2010; 

Hinojosa, Sheu, & Michel, 2003; Michel et al., 2002, 2006). In their 2002 and 2006 studies, the 

authors observed a right MP in object grasping at 7, 9 and 11 months old and suggested that this 

preferenc e predicted the adult handedness (see also Ferre et al., 2010, using monthly observations). 

Hinojosa et al. (2003) also found consistent right MP in many infants, and suggested that those 

infants with a hand preference for grasping also showed an increase in the same preferred hand use 

for unimanual manipulatory actions from 7 to 11 months. Based on these findings, these authors 

suggested that a preference in unimanual  manipulation can develop into a differentiated bimanual 

manipulation in which the preferred hand takes certain actions (usually, the main action) and the 

non-preferred hand takes other actions (support, guidance or placement). Therefore, as Porac and 

Coren (1981) had pointed out “Not only does practice make perfect, but practice also makes 

preference” (p. 228). 

Morange-Majoux et al. (2000) used kinematic analysis to assess the asymmetry of the 

reaching movements of both hands in infants aged between 20 and 32 weeks. They reported that 
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the right hand took less time, was more directly oriented towards the object, and made fewer 

corrective changes than the left hand. But other studies (Lynch, Lee, Bhat, & Galloway, 2008; Piek, 

Gasson, Barrett, & Case, 2002) that also used kinematic analysis to assess lateral movement 

asymmetries in infants prior to reaching onset found no evidence of emergent lateral biases. Lynch 

et al. (2008), in particular, tested pre-reaching infants from the age of 8 weeks until the onset of 

purposeful reaching with and without toys. These researchers failed to observe any significant right 

or left asymmetries over time even though infants began developing target-related movement 

adaptation during pre-reaching well before the emergenc e of effective reaching.  These researchers 

also pointed to the importance of taking into account intrinsic (e.g. postural control) and extrinsic 

factors (e.g. social interaction between the child and the caregiver) when studying lateral preference 

over development.  

Posture, in particular, has been identified as one potential factor influencing fluctuating 

patterns of MP over the first year of life. Corbetta and Thelen (2002) followed 12 infants weekly 

during pre-crawling and 10 others from crawling to the transition to independent walking. They  

found that MP was much more unstable in the crawling group compared to pre-crawling group, 

although all  infants continued to show consistent unimanual reaching patterns. Yet, when the 

crawling infants began to walk, they lost their prior unimanual consistency. Similar results were 

obtained by Corbetta and Bojczyk (2002) in a study involving nine infants followed weekly before, 

during and after the transition to walking. The authors found that before the onset of upright 

locomotion, the infants responded to each task adaptively using uni- or bimanual  patterns 

depending on the task and the size of the toy offered. After walking onset, however, the rate of 

bimanual responses increased in all  tasks and declined again when the infants gained better upright 

balance control  during walking.  Similar links between posture and early forms of laterality were 

documented by a number of other researchers (Babik & Michel, 2010; Berger, Friedman, & Polis, 

2011; Goldfield, 2003; Rochat, 1992). Based on their corpus of data, Corbetta and Thelen (1999, 

2002) suggested that the observed developmental fluctuations in MP, that seem to be more typical 

of the first year of life, may be associated to the successive reorganizations of the postural system as 

infants learn to sit, crawl, and walk. These researchers further suggested that the apparent 

increasing stabilization of MP that begins to emerge in the second year of l ife and becomes more 

evident by the age of 3 may be linked to the fact that posture, after the acquisition of upright 

locomotion, may also become increasingly more stable. 

Some other longitudinal  studies assessed more specifically how early asymmetries  related 

to later MP. For example, Michel and Harkins (1986) linked the direction of head orientation in 

newborns to the development of later MP. They found that (i) the majority of newborns displayed a 

preferred head turn; that (ii) this preferred head turn predicted the direction of MP; and that (iii) 

that the predicted MP was stable throughout the observation period. These authors concluded that 
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the head turn preference, which was maintained through the first two months of l ife, induced lateral 

asymmetries in visual regard and motor control  of the hands, thus contributing to the further 

stability of MP. However, findings of stable manual asymmetries prior and after the onset of 

reaching in the first year were not confirmed by a number of longitudinal studies (Carlson & Harris, 

1985; Corbetta & Thelen, 1996; Corbetta & Thelen 1999; Lynch et al., 2008; Piek et al., 2002; 

Rönnqvist & Domellöf, 2006). 

Similarly to Michel and Harkins (1986), Marschik et al. (2008) found a l ink between hand-use 

in reaching at 5 months and preschool age. In this study, the objects were presented at body midline 

and in the right and left hemispaces. The authors observed that most babies exhibited a manual  right 

predominance when the objects were presented in the right hemispace, despite the size of the 

object, and that this right MP was maintained in all  but one participant at the preschool age. The 

infants who reached for objects in the left hemispace with their left hand at 5 months proved to be 

less lateralized in their right hand use five years later. However, other authors who examined MP in 

the 2
nd

 year of life, observed a MP for some tasks, but not for others. Geerts et al. (2003) assessed 

the qualitative development of manipulative movements at 14, 18 and 25 months. Infants were 

videotaped during grasping, manipulating, and inserting 7 cm high pegs in a peg-board, and inserting 

a cube in a box. The main results showed a right MP for grasping, manipulating and inserting the 

pegs at all  ages, but a right MP for the cube was only found at the age of 14 months. Furthermore, 

these authors reported that the emergenc e of bimanual  manipulation was related to the object used 

and the specific experience that the infant developed in the task. 

In sum, the longitudinal studies reviewed above and summarized in table 4.1. all  aimed at 

understanding: (i) at which stage of development, or age, lateral biases emerged, (i i) in which 

contexts lateralized behaviors could be observed, and (iii) which factors might influence lateral 

preferenc e. Overall, findings across studies revealed a developmental trend from initially non-

lateralized arm movements to a right hand preference, but several studies reported inconsistencies 

in findings, particularly in regard to the first year of life period. As table 4.1. shows, most studies that 

focused on the first months of l ife failed to document the presenc e of predominant lateral biases, 

although one study found a right preferred head turn followed by a right MP in the following months 

(Michel & Harkins, 1986). Studies that investigated manual laterality following reach onset are split 

between some finding a right MP and others documenting no steady evidence of MP. Finally, studies 

that focused on the 2
nd

 year of life and beyond revealed greater consistency in their reports of a 

growing right MP.  But this  review of longitudinal studies also highlights a number of methodological 

issues that may account for the discrepancies observed. For example, the variables used to assess 

MP depending on the age range studied varied greatly (i.e. spontaneous movements prior to 

reaching onset, reaching and/or grasping, and/or object manipulation in the 1
st

 year of l ife, more 

complex functional tasks in the 2
nd

 year and beyond). Although it makes obvious methodological 
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sense to adapt the tasks to the age of the participants given their growing manual capabilities, these 

variations in tasks between studies, with different groups of infants, and over different age ranges, 

contribute to provide bits and pieces of MP development over selected time spans but restricts the 

perception of a more coherent and continuous picture of the development of MP over its most 

formative years. As reported on table 4.1., most studies did not follow changes in MP closely over 

much extended time spans, or did not always account for the rapidly changing manuals skills of 

infants by changing the tasks as a function of their age and growing motor skills. When researchers 

used task changes within infants to assess different developmental periods, they did so over very 

disparate age groups, and not gradually over closer observation times (see for example, Corbetta & 

Thelen, 1999; Marschik et al., 2008; Rönnqvist & Domellöf, 2006). 

Sample sizes among studies also varied greatly. Table 4.1. reveals that most of the studies 

that assessed MP in early development and happened to report most of the unstable, fluctuating 

patterns also happened to use smaller population samples. Smaller samples are more amenable to 

tracking individual trajectories at very frequent intervals. Such frequent observations are also more 

prone to capturing fluctuating patterns of hand use over time, but such an intense and detailed 

approach is limited in its scope of capturi ng broader population trends (see for example Corbetta & 

Thelen, 1996, 1999), that had only 4 participants observed weekly and biweekly the entire first year 

of life). This is in contrast with most studies that investigated MP in the 2
nd 

half of the first year. 

Table 4.1. shows that those studies relied on larger population samples observed at more distant 

time intervals. Such larger samples observed over fewer and more distant times rely more on group 

averages to assess trends. As a result, they may absorb individual fluctuations and be more prone to 

reveal populations trends that appear more stable over time (see for example Michel et al., 2002, 

that used 154 infants observed at 7, 9, and 11 months old). Such radically different approaches in 

sampling may reflect very different aspects of the development of MP and may be at the origins of 

some of the discrepancies in findings reported between studies . Unfortunately, direct comparisons 

of developmental trajectories identified at the group or population versus at the individual levels 

have never been carried out, thus l imiting our understanding of how individual developmental 

trends fit within and  contribute to overall  population biases. 

Finally, table 4.1. shows that although behavioral observation and analysis of video 

recordings has been the preferred method used by most studies — one that most effectively 

preserves the natural  and ecological context of the infant – kinematic analysis  has also proved to be 

a reliable option in processing and analyzing data (Corbetta & Thelen, 1996, 1999; Lynch et al., 2008; 

Morange-Majoux et al., 2000; Piek et al., 2002; Rönnqvist & Domellöf, 2006), but this approach also 

led to some disagreements in findings . 

The goal of this study is to address some of these caveats. Spec ifically, we intend to provide 

a more comprehensive picture of the development of MP (i) by following infants over their first 2 
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years of life, which is a more extended period than performed by prior studies, (ii) by gradually 

modifying the MP assessments such as tracking change in MP as a function of infants changing 

manual skills, and (iii) by comparing individual developmental trajectories to the overall  group 

trends. Longitudinal studies following babies from birth until the end of the second year of li fe have 

not been found in the literature. Furthermore, only a few studies have investigated patterns of 

manual laterality in the very first few months of l ife and tracked how these patterns evolved over the 

first year. By seeking to characterize the direction and consistency of manual lateral asymmetries, 

first monthly, and then every 3 months  from birth to 24 months of age, we not only cover a time 

span that is more extended than any time span covered by any prior longitudinal studies with 

infants, but we also focus on the years that seem to be the most critical in the formation of a MP. 

Because over the first 2 years of life, infants’ motor skills change rapidly, we modified the 

MP assessment tasks gradually in order to capture infants’ changing manual control progression as a 

function of age, and create a continuum across our successive assessments  that remain 

developmentally appropriate throughout the extended period of testing.  The tasks and behaviors 

observed were defined according to Brazelton’s  (1992) reference points indicating predictable stages 

in the child’s motor, cognitive, and emotional development. Specifically, at birth, 1, and 3 months of 

age, when infants could not reach for objects, we analyzed infants’ self-generated upper  arm 

movements while in supine over 3 minute periods. At 6 and 9 months, when infants had learned to 

perform object oriented behaviors, but still  displayed quite unstable and poorly controlled reaching 

behavior (see Thelen, Corbetta, & Spencer, 1996; von Hofsten, 1991), we focused on infants’ free 

and less constraining manipulation of a graspable cube over a 2 minute time window. At 12, 15, and 

18 months, when infant goal -directed upper arm control had become more established and more 

stable, we used reaching to measure MP. Finally, at 24 months, because others have reported a 

more consistent MP, we relied on a more standard questionnaire procedure. 

Lastly, to better understand how individual trajectories, their stability and fluctuations, can 

contribute to the overall  population growing trend over the first 2 years of life, we used a population 

sample large enough to capture reliable group trends while remaining amenable to tracking 

individual trajectories over time. We track the stability of MP within both the shorter and longer 

time spans, within tasks and as identical assessments are maintained during specific developmental 

periods, and, across tasks as assessments are changed gradually over the 2 years period. By doing so, 

we aim to determine whether the development of MP is stable or undergoes significant changes 

over the 2 first years of life, and we aim to assess to which extent individual trajectories reflect the 

observed overall  group trend.  

4.1.3. Methods 

Participants 
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An initial sample of 28 newborns (NB) whose parents agreed to participate in this study was 

recruited from two hospitals in the Lisbon area. Infants were healthy without pre-, peri- and post-

natal complications, and were all  born from a single pregnancy.  Infants with functional disabilities, 

with potential cognitive and/or behavioral impairments, or problems of a genetic origin were 

excluded, as well as cases of orthopedic and neuromotor diseases. During the first month of testing, 

following the hospital discharge, 9 babies dropped out of the study. Thus the final sample used for 

this study includes 19 infants, 8 females and 11 males, with same chronological age. All  19 

participants provided data for all  sessions until  the age of 24 months. Parents signed an informed 

consent form for their infant participation in the study. This study was approved by the Scientific 

Council  of the Faculty of Human Kinetics, Technical University of Lisbon, and by the Ethics Committee 

of the two hospitals. 

Procedure and materials 

Video data of the MP behaviors of the infants were collected with a digital camera at eight 

consecutive sessions (newborn, 1, 3, 6, 9, 12, 15, and 18
 
month of age). At 24 months, information 

about the MP of the infants was obtained through telephone interviews with their parents. The very 

first session was recorded in a nursing room at the hospital and all  other consecutive recordings took 

place in the home of the child, allowing for a more natural and familiar environment for the infant. 

The procedures described below were the same for all  participants.  

Birth, 1
st

 and 3
rd

 month. The first three session recordings were performed when the infants 

were in behavioral stage 4, i .e. between awake and alert, according to Prechtl ’s  and O'Brien’s (1982) 

scale. Recordings were standardized for all participants as follow: Self-generated upper l imb 

movements were videotaped while infants were in a supine position. The noise and light intensity 

surrounding the infant during filming was controlled both at the hospital and at the home, 

preserving a warm and welcoming environment for the infant. To account for developmental 

changes, at 3 months, but not at birth and 1 month, a plastic mobile was introduced and positioned 

over the midline and center of the infant to attract his/her visual  attention. At those 3 initial 

sessions, the recording times ranged from 2 to 4 minutes, with an average of 2 minutes and 53 

seconds. This movement recording time was longer than in prior longitudinal studies which reported 

an average of 60 seconds (Corbetta & Thelen, 1996, 1999) and 30 seconds (Lynch et al., 2008) per 

session.  

6
th

 and 9
th

 month. At these two ages, the task involved presenting an easy to grasp and 

manipulate 4 cm wide cube to the infants’ midline to observe their self-generated and ongoing 

object-related manual activities. During recording, the infants were sitting on a high chair which had 

lumbar support and was outfitted with a 28 cm X 54 cm tray to hold the cube. The cube was made of 

plastic and had colored images on its sides. It was placed once at the center of the tray and at 
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comfortable arm reach of the infants . Similar cubes were used in other studies to evaluate infant MP 

(e.g., Morange-Majoux et al., 2000). The recording times for this task ranged between 1 and 2 

minutes, with an average of 1 minute and 20 seconds.  

12
th

, 15
th

 and 18
th

 month. At these ages, MP was assessed using a reaching task. A 6 cm 

diameter, colored, plastic ball was presented to the infant’s midline until  3 reaches could be 

recorded.  The object presentations took place while the infants were sitting on the same standard 

high chair used for the 6 and 9 months old assessments. During object presentation, the researcher 

remained hidden under the seat during the task, thus not revealing which arm (left or right) was 

offering the ball. The task was videotaped and repeated until  three reaches were recorded. This task 

and dimension of the ball  utilized were in agreement with those used by  other studies that assessed 

MP at this age range (e.g. Rönnqvist & Domellöf, 2006; van Hof, van der Kamp, & Savelsbergh, 2002). 

24
th

 month. At this point of the study, it was decided to gather information by telephone 

interview, given the fa miliarity of the parents with the topic of lateral preference, the prolonged 

contact between the researcher and the parents, and the nature of the questions to be answered.  

The MP of the infants was collected based on the infants performing the following functional tasks: 

(i) hold the spoon during meals, (ii) pick up a pencil  to draw, and (iii) hold a brush to brush teeth. This 

method of telephone interview has been used in other studies and has shown to be an effective way 

of collecting information (Carruth, Ziegler, Gordon, & Hendricks, 2004; Langendonk, Beijsterveldt, 

Brouwer, Stroet, Hudziak, & Boomsma, 2007). These tasks have been addressed in studies on the 

development of MP (e.g. Rönnqvist & Domellöf, 2006). 

 

4.1.4. Data Analysis 

The observation and classification of all  behaviors from the video recordings  were entirely 

performed by two independent observers. Inter-observer reliability scores for the behaviors 

described below were: Birth, 90%, 1
st

 month, 87%, 3
rd

 month, 89%, 6
th 

month, 99%, 9
th

 month, 99%, 

12
th

 month, 100%, 15
th

 month, 100%, and 18
th

 months, 100%.  

From birth to the third month, the coders tracked the number of spontaneous, self-

generated movements that infants performed with their right, left or both arms. Spontaneous 

movements were defined as any free arm movement generated by the infant from their proximal 

joints (shoulder and elbow joints). Each joint movement, i .e. flexion, extension, abduction, or 

adduction was considered as one movement. Distal movements of the finger(s) or hand alone were 

not included. The average number of arm movements produced by the infants at each ages and used 

for the computation of MP were 13.8±7.0) at birth, 17.6±8.6 at 1 month, and 13.5±7.5 at 3 months. 
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The sum of all  movements identified was used to calculate a lateral asymmetry quotient 

(LAQ). The LAQ formula was calculated for each infant by subtracting the total number of left arm 

movements from the total number of right arm movements and dividing the difference by the sum 

of all  right and left arm movements. Movements that involved the simul taneous activity of both 

arms were accounted in the equation by assigning half of the movement score to one arm and the 

other half to the other arms as in LAQ =[(RH+(B/2)) - (LH+(B/2))]/ [(RH+(B/2)) + (LH+(B/2))] (similar 

equations were used by Corbetta & Thelen, 1999; Fagard, Spelke & Hofsten, 2009). 

The LAQ score obtained represents a value that varies between +1 and -1, where the sign 

indicates the direction of manual preference (right (+) or left (-)) and the number (0-1) reflects the 

strength of the lateral preference. LAQ scores of +1.00 were considered to reflect a consistent right 

(CR) hand use/activity across trials, while LAQ score of -1.00 were considered to express a consistent 

left (CL) hand use/activity across trials. Intermediate positive LAQ scores were considered to reflect a 

non-consistent but predominant right hand use (NCR), while scores with intermediate negative LAQ 

values were considered to reflect a non-consistent but predominant left hand use (NCL). LAQ values 

of zero were considered as no preference (NP) as they reflected equal use of both the right and left 

arm.  

At 6 and 9 months, every object-oriented movement aimed at reaching or manipulating the 

cube was recorded. The actions observed were categorized as: (i) right hand movements; (i i) left 

hand movements; or (iii) bilateral movements. The sum of these movements was used to compute 

the LAQ as described above. The average number of object directed movements from which the 

LAQs were computed were 8.4 ±4.1 at 6 months and 5.4±9.0 at 9 months of age. 

At 12, 15 and 18 months, the hand used to reach for the ball  at each of the three trials was 

coded and used to classify the responses as follow: (i) CR, when the ball  was reached three times 

with the right hand; (i i) CL when the ball  was reached three times with the left hand; (i ii) NCR, when 

the ball  was reached twice with the right hand; (iv) NCL, when the ball  was reached twice with the 

left hand; (v) NCR or NCL when the ball  was once reached by one side and twice bilaterally, by the 

right or left hand respectively; and (vi) NP, when the ball  was reached three times bilaterally. 

At 24 months, the functional tasks were classified as right, left, or with no preference based 

on the hand manipulating the spoon, pencil, or tooth brush. The sum of the preferenc es was 

calculated using the three tasks and the responses were classified a (i) CR, when the three tasks were 

performed with the right hand; (ii) CL when the three tasks were performed with the left hand; (i ii) 

NCR, when two out three tasks were performed with the right hand; (iv) NCL, when two out of three 

tasks were performed with the left hand; and (v) NP when the parents indicated both hands were 

used interchangeably in all  the three tasks.  
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Because the LAQ is a frequency measure that is bound between +1 and -1 and does not 

meet the criterion of normal distribution, we assesses the direction and consistency of handedness 

within and across sessions using non-parametric statistical tests at a significance level of p <0.05. To 

identify developmental trajectories, we used cluster analysis. 

4.1.5. Results 

The results on the direction, strength, and consistency of MP over time are presented first 

by age groups and as a function of the gradual assessments used. Then, we present the overall 

changing laterality trend of the group over the entire developmental period. Finally, we discuss the 

different developmental trajectories identified by the cluster analysis. 

Lateral asymmetry quotient by age periods and tasks 

From birth to 3 months old . The LAQs obtained for each infant in the first three months of 

life are reported in figure 1.  Each age related graph displays 19 bars, where each bar corresponds to 

the LAQ of one single child. The 19 infants’ positions across all  3 bar graphs are maintained the same 

such that individual LAQs can be tracked over time. Figure 4.1. shows that the majority of the LAQ 

values across all  3 ages ranged between 0.5 and -0.5, indicating that infants displayed mainly weakly 

lateralized biases of upper arm activity. The direction of the LAQs for each age group averaged 0.05, 

-0.11, and -0.09, at birth, 1, and 3 months respectively indicating an absence of a preferred 

population lateral biases at those 3 developmental times. Finally, the observation of each child’s LAQ 

over time also revealed no individual consistency in the direction of the lateral biases. Out of the 19 

infants observed, only two (infants 9 and 18) maintained a consistent negative direction in LAQ, with 

slightly more left arm movements than right arm movements. All  other 17 infants had LAQ values 

that fluctuated between right, left, and no preferred side over these first 3 months . 

 

Figure 4.1. LAQs of spontaneous upper arm movements  self-generated by each infant while in 

supine. The 19 individual LAQs are reported at each of the 3 ages following the same order.  
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Table 4.2. reports the distribution of the infants’ LAQs classified as a function of the 

consistency and direction categories of MP we defined. We tested for statistical significance of those 

distributions by using a Chi-Square at each age period and Table 4.2. confirms that infants at the first 

early 3 ages displayed mostly inconsistent or non-lateralized arm movements, especially at birth and 

1 month of age.  

Table 4.2. Distribution of LAQs by age, strength, and direction of MP categories. ChiSquare p values 

are reported by age. 

Age CR CL NCR NCL NP N p(exact) 

Bi rth 1 0 8 8 2 19 0.032* 

1 m 0 0 7 11 1 19 0.017* 

3 m 0 0 4 10 5 19 0.218 

6 m 0 0 5 12 2 19 0.014* 

9 m 2 1 7 5 4 19 0.217 

12 m 7 3 6 3 0 19 0.504 

15 m 6 2 4 4 3 19 0.701 

18 m 5 1 9 0 4 19 0.083 

24 m 12 3 3 0 1 19 0.002* 

m = month        

Six and 9 months old. The LAQs for the infants’ self-generated upper arm activity directed to 

the cube placed on the tray of the high chair are reported on Figure 4.2. by age and by child. This 

figure shows that the LAQs of the majority of the infants at 6 and 9 months old continued to range 

mainly between 0.5 and -0.5, indicating again the absence of strong MPs at those ages. The overall 

LAQs seemed to increase between 6 and 9 months old possibly suggesting the emergence of growing 

lateral differences between hand activities at 9 months of age (the average absolute values of the 

LAQs at 6 and 9  months corresponded to 0.27 and 0.42 respectively, furthermore the distribution  of 

the infants’ LAQs in Table 4.2. begins to show a wider spread among categories at 9 months of age, 

compared to the earlier ages where infants LAQs were mainly clustered in the NCR, NCL, and NP 

categories). At the population level, the direction of MP s till  remains undefined with LAQ average 

values close to zero (-0.12 at 6 months and 0.12 at 9 months). At both ages, individual MPs 

continued to be spread between right, left, and no preference (see also LAQ distributions in table 

4.2.). Furthermore, the direction of individual MP continued to fluctuate over time. Out of the 19 

infants, only 4 kept the same direction in MP at 6 and 9 months old. Three displayed a left MP 

(infants 2, 13, and 16), and one displayed a right MP (infant 18). Let us also note tha t infant 18 

displayed an opposite, consistent left bias during the 3 previous months. Thus, individual data 
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continue to reflect high levels of developmental fluctuations in the direction of MP within tasks, but 

also across tasks. 

 

 

Figure 4.2. LAQs based on the number of self-generated upper arm actions that each child 

performed on the cube at the age of 6 and 9 months . The 19 individual LAQs are reported at both 

ages following the same order.  

Twelve, 15, and 18 months old. During the second year of l ife, where the task involved 

reaching for a ball  at midline, many infants began displaying stronger right or left MP preferenc es.  

Figure 4.3. and Table 4.2. show that the LAQs observed at those 3 ages are split between infants 

showing consistent MP values across trials (1 or -1) and infants showing weaker or no MP values 

(within 0.5 and -0.5). As a result of this split, the frequency distributions of the LAQs at those 3  ages 

are not significant. The population LAQ also begins to show a slowly growing right shift with average 

LAQs of 0.29, 0.21, and 0.36 for each age group respectively. Finally, over this age range, 7 out of the 

19 infants displayed a stable direction in MP across all  three sessions (infants #1, #3, #4, #8, #14, #17 

and #19). All  displayed a right MP, however, note that the strength of this MP fluctuated highly 

between 12 and 18 months. Let us note, that none of those 7 infants had displayed a stable direction 

in MP at the prior ages, and the few infants who seemed to display somewhat of a more stable trend 

in MP at the prior ages, did not reveal stability in the direction of MP at this later age range. Thus, it 

appears that even in the 2
nd

 year of life, when stronger lateral asymmetries begin to emerge, they 

seem to form and grow from a background of highly fluctuating movement patterns.  
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Figure 4.3. LAQs based on reaching a ball  at midline for each infant at the age of 12, 15, and 18 

months. The 19 individual LAQs are reported at all  3 ages following the same order.  

At 24 months. Figure 4.4. shows that MP at this age appears to have become more 

established, with 15 infants (out of 19) displaying strong, consistent MPs across tasks (12 infants are 

CR, 3 are CL, 3 are NCR, and 1 is NP). This shift in distribution toward consistent and mainl y right MP 

is significant (see table 4.2.). The group average of the LAQ also corresponds to a more pronounced 

right shift (0.57). At the individual level, however, only 4 out of the 7 infants who displayed  a right 

MP from 12 months old and on continued to  display a strong right MP at 24 months. The other 3 

infants displayed either a left preference, a weak right preference, or no preferenc e at 24 months.  

 

Figure 4.4. LAQ of the 19 infants at 24 months of age.  

 

Group lateral asymmetry quotient for the entire 2 year period  

Figure 4.5. reports the summary of the average LAQs of the whole group and for the entire 

developmental period.  Figure 4.5. shows, as mentioned above, that at the early period from birth to 

9 months of age, the LAQs are very low, reflecting a lack of early preferred lateral bias or MP at the 

population level. From 9 months of age, however, a right shift begins to emerge and continues to 

grow progressively until the age of 24 months. A Friedman ANOVA on ranks, which accounts for the 

repeated measures over the 9 successive sessions for all  19 infants, revealed a significant 
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developmental trend toward increasing right handedness (Friedman ChiSquare (8) = 26.864, p  < 

.001). 

 

Figure 4.5. LAQ group average and standard deviation from birth to 24 months. 

 

Individual developmental trajectories 

The group trend illustrated in Figure 4.5. reveals an overall  linear progression of the 

development of MP over  the first 2 years of life. This linear progression, however, is in contrast with 

the developmental fluctuations identified at the individual levels when reporting the LAQs by task 

and by infants over the different age periods. To better understand how individual trajectories may 

contribute the overall  population trend and gain some insights about the processes underlying the 

development of MP over the first 2 years of life, we performed a cluster analysis where we entered 

the LAQs of the 9 consecutive sessions for all  19 infants. We set the number of clusters to identify to 

3 based on the following rationales: (i) at 24 months, infants displayed 3 groups of MP (right-handed 

(n=12), left-handed (n=3), and weakly or not lateralized (n=4), (table 4.2.); and (i i) similar 3 groups of 

laterality were reported in previous studies (i.e. Hinojosa et al., 2003; Michel et al., 2002). The 

developmental trajectories  grouping as returned by the cluster analysis are reported in figures 4.6.A-

C. Each graph displays the individual trajectories of all  the infants grouped within a same cluster with 

the cluster center average (bold line). 

Figures 4.6.A (6 infants) and 4.6.B (4 infants) represent the clusters of infants whose 

developmental trajectories ended up with a strong right MP preference at 24 months. Each graph 

displays the individual trajectories of the infants grouped within a same cluster. The bold l ine 

corresponds to the respective clusters average trajectories (cluster centers). Both graphs show that 

during the early period, from birth to 6 months, infants in both clusters had mainly weak LAQs. At 9 

months however, infants on figure 4.6.A (cluster 1) displayed an increased right shift while infants in 

figure 4.6.B (cluster 2) displayed an increased left shift. From the age of 15 months, both groups 

LAQs progressed toward a strong right MP.  
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Figure 4.6.C (cluster 3), containing the remaining half of the sample, includes the 3 infants 

who were left handed at 24 months, the 4 who were weakly or not lateralized, and 2 more infants 

with a right hand preference at 24 months. This 3rd cluster, similarly to cluster 1 and 2, displays 

weak lateral biases from birth to 6 months, and then, from 9 months old, a more progressive change 

toward right handedness over time.   

Statistical comparisons between clusters revealed that grouping was mainly based on 

differences in developmental trajectories occurring from 9 months old and beyond.  The 3 clusters 

did not significantly differ from birth to 6 months (p < .916, .773, .051, and .333 at the respective 

ages of 0, 1, 3, and 6 month olds), however they were different most of time fro m 9 to 24 months (p 

< .009, .016, .003, .629, .032 at 9, 12, 15, 18 , and 24 months respectively). 
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Figure 4.6. Developmental trajectories of all  19 infants grouped as a function of the 3 clusters 

returned by the cluster analysis.  
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Because cluster 3 included a number of infants with widely different range of MP at 24  

months, we ran a second cluster analysis on this subgroup of 9 infants to see if it could result in a 

finer analysis. For this analysis we set the number of clusters to 2 based on the predominant right 

and left handed MP observed at 24 months. The two clusters returned are presented on Figure 4.7 .A 

and 4.7.B Cluster 3a (Figure 4.7.A) includes the 6 infants who were not left-handed at 24 months of 

age. These are the infants who appeared to be closest in their developmental trajectory to the 

overall  group trend reported in Figure 4.5. Cluster 3b (Figure 4.7.B) includes the 3 infants who were 

left-handed at 24 months of age. Both clusters differ mai nly in the direction of the developmental 

trajectories at 18 and 24 months (p < .047 at 18 months and .0001 at 24 months). While cluster 3a  

showed a stable right MP at the end of the second year, cluster 3b revealed a sudden shift toward 

increasing left handedness. 

 

Figure 4.7. Clustering of the 9 infants grouped under cluster 3 (initial cluster analysis).         

These cluster analysis revealed that the progressive right shift population trend displayed in 

figure 4.5. and obtained by averaging all  19 LAQs by age is actually the product of a number of 

developmental trajectories becoming distinct particularly from the age of 9 months when the 

population right shift begins to emerge. Most of the developmental trajectories revealed by the 

cluster analyses are fluctuating ones and they account for about 2/3rd of the infants sample (clusters 

1, 2, and 3b). Prior to the age of 6 months, all  infants displayed mainly weakly lateralized MP. 
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4.1.6. Discussion 

The methodological  heterogeneity and diversity of results found in the literature led us to 

study the development of hand preference in infants longitudinally, over a two year period, from 

birth to 24 months. We modified the assessment tasks as infants grew older, in order to adjust them 

to the infants developing manual skills  and to follow the landmarks in infants ’ behavioral  and 

emotional  growth as set by Brazelton (1992). We also tracked developmental change in MP at the 

individual level in order to compare individual trajectories to the overall  population level trend. At 

the population level, results revealed a lack of manual preference during the early months following 

birth and reach onset. From the age of 9 months, the LAQ based on group averages dis played an 

emerging right bias. This right bias continued to grow and strengthen rather linearly until  the age of 

24 months.  

These group level findings are consistent with most prior longitudinal reports that examined 

MP over portions of this first 2 year developmental period. A lack of preferred manual bias was 

documented by a number of studies that examined MP in the first months of life (Carlson & Harris, 

1985; Corbetta & Thelen, 1999; Lynch et al., 2008; Piek et al., 2002). Likewise, an emerging and 

growing right-bias at the group level was observed in prior longitudinal studies that examined MP in 

the 2
nd

 half of the first year of life and beyond (see Table 4.1.). Such emerging right bias has also 

been reported in cross-sectional studies covering this later age range (i.e. Fagard & Marks, 2000). 

Thus, even though our approach to assess MP in early development was to change tasks as infants 

manual skills improved and to track development over a more extended period of time (something 

that other researchers have not done), our population level results are very much in l ine with what 

prior studies have reported. 

Beyond the population level trends, one advantage of longitudinal studies is that they allow 

researchers to track change within the same infants over time and examine (1) to whi ch extent 

individual trajectories contribute to the overall  group progression observed, and (2) to identify the 

different routes that lead to the formation of a more pronounced and more stable hand preference 

at the later ages. Our analysis of the individual trajectories revealed that the development of MP is 

highly fluctuating, particularly later in development, from 9 to 24 months, where variability in LAQ 

values over time was the greatest. Surprisingly, the cluster analysis revealed that only a small subset 

of infants (6 out 19) fell within a cluster (cluster 3a) that reflected the overall  progressive right shift 

trend observed at the group level. All  the other clusters indicated that the manual preference 

displayed at 24 months was not the product of a s imilar linear progression. For example, one cluster 

(cluster 2) which resulted in a strong right hand preference at 24 months was preceded by a several 

months of left biased MP. The other cluster with a right hand preference at 24 months (cluster 1), 

revealed a very unstable, fluctuating right hand trend in preceding months. And finally, the infants 

who displayed a left hand preference at 24 months (cluster 3b) did so after a long period of weak 
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lateral biases. This finding that many infants displayed highl y fluctuating LAQs and very different 

developmental trajectories over time was consistent with several prior reports on infant hand 

preferenc e (Berger, Friedman, & Polis, 2011; Carlson & Harris, 1985; Corbetta & Thelen, 1999; 

Corbetta & Bojczyk, 2002; Gesell & Ames, 1947; Ramsay, 1984, 1985b).  

What this study further revealed is that fluctuations in MP mainly documented in the first 

year of l ife, continue to occur even in the 2
nd

 year, during a period where we could expec t a process 

of stabilization in MP to begin (as reflected from the group data). One could argue that such 

fluctuations occurred because of our approach of changing frequently the assessment tasks, but a 

close examination of when these fluctuations occurred does not support such possibil ity. Indeed, as 

presented in our results, changes in the direction of MP did not occur systematically and solely at the 

times when assessment tasks changed between sessions. Infants shifted hand use even within 

successive sessions in which the assessment tasks  were maintained the same. This is consistent with 

prior studies that reported fluctuations in MP even though they maintained the task constant over 

extended periods of times (e.g., Carlson & Harris, 1985; Corbetta & Thelen, 1999). Furthermore, task 

change may not always drive a change in hand use. MP has been captured despite the use of an 

assortment of tasks (Michel et al., 2002, 2006). Thus, we are more inclined to consider these 

developmental fluctuations as an intrinsic process inherent to the formation of early MP than the 

product of our methodological choice.  

Comparing individual trajectories to group trends is not new, some recent studies have 

done so (e.g., Berger et al., 2011; Ferre et al., 2010), and, similarly to this study, they have 

highlighted how individual trajectories do not always directly reflect general patterns observed at 

the group level. While population trends have been useful to characterize hand preference – its 

strength and its direction – on very large populations samples in adul ts (e.g., Annett, 1985) and in 

early development (e.g., Michel et al., 2002), individual trajectories may offer additional insights into 

the processes that lead to the formation of those population trends. This is especially the case in 

early development, when hand preference is not i nitially strongly established. Provins (1992) 

suggested that where asymmetries occur, they may be temporary and that reflect the specific and 

cumulative experiences of the infant.  

Our data at the individual level reveal that the formation of hand preference in early 

development is not at all a linear process, although it may appear as such at the group level. Similar 

patterns of individual fluctuations leading to future more stable and more common forms of 

behaviors within a group have been discussed by Fisher and Rose (1984) for a host of cognitive 

behaviors. They called this process “early fluctuation by gradual stabilization”. What they mean is 

that the formation of later stable forms of behavior is the product of the organism’s 

response/adaptations to successive and cumulated developmental experiences. As new experiences 

come in, the system reorganizes to assimilate those changes, causing sudden and temporary 
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fluctuations, but at the same time, every time these changes and fluctuations take place, the 

system’s behavior strengthens. In a way, the individual trajectories presented in this paper reveal 

some consistency with this process view. A closer looks at the individual trajectories presented in 

figure 6 reveal that early in development the fluctuations in individual data are rather small and 

within the range of weakly lateralized MP values (within -0.5 and 0.5), however, as shifts in MP 

continue to occur over time, we observe that they take place over a broader range of LAQ  values, 

sometimes changing from a strong right hand bias to a strong left hand bias (hence the higher 

variability observed at those later age ranges). Thus, fluctuations continue to occur over time, but 

the overall  MP strength range over which they occur also grows over time. This overall  growth in the 

strength of MP is also captured by the group analysis.  

Why the individual fluctuations? There may be many reasons for them to occur. As already 

argued by others there may be multiple factors that come into play in the process of manual 

lateralization in early development. Postural reorganizations in the first year of l ife have been linked 

to fluctuations in arm coupling and preferred hand use (Berger et al., 2011; Corbetta & Bojczyk, 

2002; Corbetta, Williams, & Snapp-Childs, 2006; Goldfield, 1993; Rochat, 1992). Progression in 

language development in the first and second year of life has also been associated with changes in 

manual preference (Bates, O’Connel, Vaid, Sledge, & Oakes, 1986; Iverson, 2010; Iverson, Hall, 

Nickel, & Wozniak, 2007; Ramsay, 1984, 1985a, 1985b). We have not observed infants beyond the 

age of 24 months, but it is possible that fluctuations in MP continue to occur as other forms of 

behavior continue to develop in early and late infancy, however, by that time, a direction in hand 

preferenc e may be more readily established, showing increasing stability. 

Another contribution of this study is the examination of lateral asymmetries  through the 

quantification of newborns’ self-generated upper l imb movements. Most studies that looked at 

newborn asymmetries, focused either on observations of the palmar grasp reflex (Grattan, Nelson, 

White-Traut, Vasan, Gu, & Littau, 2005; Tan & Tan, 1999; Tan, Ors, Kurkcuoglu, & Kutlu, 1992; Tan, 

Ors, Kurkcuoglu, Kutlu, & Cankaya, 1992) or the spontaneous  head orientation (Cioni & Pellegrinetti , 

1982; Domellöf, Hopkins, & Ronnqvist, 2005; Ecklund-Flores & Turkewitz, 1996; Grattan, Vos de, 

Levy, & McClintock, 1992; Hopkins, Lems, Van Wulfften Palthe, Hoeksma, Kardaun, & Butterworth, 

1990; Michel, 1981; Rönnqvist & Hopkins, 1998; Thompson & Smart, 1993).  

We found no studies referring to asymmetries in arm movements’ immediately after birth. 

Our data show that if asymmetries are present in the palmar grasp reflex or head turn (as was 

observed by others), these do not extend to arm movements. We also examined to which extent the 

asymmetries observed at the different times of development were predictive of the MP preference 

observed at 24 months. We found no significant correlations between any of the measured LAQs and 

the LAQs observed at 24 months. In conclusion, we believe that our findings, taken together, are 

consistent with the interpretation that MP may form progressively over time as infant learn to use 
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their hands to solve tasks in increasingly broader and increasingly sophisticated contexts. This 

process may be one involving continuous reorganizations of the body and arm preferences as new 

skills are being progressively developed up to the point a stabilization of MP can be. As in many 

other developmental traits, the information provided at the population level hides the singularities 

that may be tracked at the individual level. We strongly recommend a deeper analysis of changes 

over time at the individual level, anchored in child-specific developmental trends, as an integrated 

approach to the understanding of human development. 
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4.2. Can manual preference at 18 months be predicted by lateral biases in the first three months 

of life? (study 5) 

 

4.2.1. Abstract  

The study of asymmetries in infancy suggests that rather than being a predictable linear 

developmental trend, this is a process of fluctuations and changes. The stability of the lateral 

preferenc e is an age-related process but the moment for a clear definition of an unambiguous lateral 

preferenc e is very variable. Longitudinal studies on this subject during the first months of life are 

rare. The aim of this study was to examine arm and leg spontaneous movements at the first three 

months of l ife and determine whether and to what extent there is a relation between lateral 

asymmetries at this age and manual preference at 18 months of age. Nineteen participants (10 boys, 

9 girls) were repeatedly observed at birth, first month, third month and 18 months of age. The 

sinistrality-dextrality continuum was assessed by a lateral asymmetry quotient. Findings revealed 

large fluctuations of arm and leg spontaneous movements during the first months of l ife, without an 

evident relation between upper and lower l imbs. A right consistent manual preference was observed 

in functional tasks at 18 months of age, but it could not be predicted from spontaneous lower and 

upper body movements observed during the first three months.  

Key words : infants; lateral asymmetries; lateral preference; longitudinal study. 

 

4.2.2.  Introduction 

The human being is characterized by a series of asymmetries, of structural and functional 

nature. The understanding of lateral preferences demands information about genetic background, 

environmental constraints and cultural effects during the development of an individual (Fagard, 

2006). Research in this area begins well before birth with studies on side biases from the first 10 

weeks of gestation, indicating a lateralized behavior of fetuses in uterus (Hepper, McCartney , & 

Shannon, 1998; Hepper, Shahidullah, & White, 1990; Hepper, Wells , & Lynch, 2005). Ververs, Vries, 

Van Geijn, and Hopkins (1994) reported that fetuses with 38 weeks gestational age have shown a 

right preference for head turning. Studies also found that fetuses preferred to suck the right thumb 

(Hepper, Shahidullah, & Whitel, 1991; Hepper et. al, 2005), and some authors claim that lateralized 

behavior is developed during the prenatal period, and is later observed in  premature infants 

(Konishi, Kuriyama, Mikawa, & Suzuki, 1987) and newborns (Butterworth & Hopkins, 1993; Goodwin 

& Michel, 1981). 

Studies of laterality in infants focus on biases analysis of head turning from the midline. 

Several authors agree that there is a newborn head turning asymmetry in the supine position (Cioni 

& Pellegrinetti, 1982; Ecklund-Flores & Turkewitz, 1996; Hopkins et al., 1990; Konishi et al., 1987; 

Rönnqvist & Hopkins, 1998; Rönnqvist & Hopkins, 2000; Thompson & Smart, 1993). There is also a 
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consensus that this bias result from a reflection of the neonatal nervous system (Rönnqvist & 

Hopkins, 2000), however, extrinsic factors such as the position of the baby and the state of 

awareness may play a decisive role in the process. A right bias for head turning was observed 

repeatedly (Grattan, Levy, & McClintock, 1992; Hopkins, Lems, Janssen, & Butterworth, 1987; 

Rönnqvist & Hopkins, 1998; Rönnqvist & Hopkins, 2000). Head turning in the newborn, as well as 

other biases such as lateral reflexes and particularly the tonic neck reflex, ha ve also been addressed 

(Cioni & Pellegrinetti, 1982; Grattan, Nelson, White-Traut, Vasan, & Littau, 2005) but without 

conclusive results with regard to a persistent asymmetry. Studies with newborns and during the first 

weeks about upper limb reflexes observed a right bias for palmar grasp reflex (Grattan et al., 2005; 

Tan, Ors, Kurkcuoglu, & Kutlu, 1992; Tan & Tan, 1999) but that was not corroborated by other 

investigations (Cioni & Pellegrinetti, 1982; Tan, Ors, Kurkcuoglu, Kutlu, & Cankaya, 1992; Tan & Tan, 

2001; Thompson & Smart, 1993).  

The investigation about upper limb movements also provided mixed results. Some studies 

have reported a right upper l imb preferenc e (Michel & Harkins, 1986; Petrie & Peters, 1980; Strauss, 

1982), some studies supported a l eftward preference (McDonnell, Anderson, & Abraham, 1983), and 

other research considered the first weeks and the months following birth as a changing period in 

what concerns arm movements (Corbetta & Thelen, 1999; Lynch, Lee, Bhat, & Galloway, 2008). 

Michel and Harkins (1986) linked head turning bias to subsequent manual preference and suggested 

that consistent head turning biases in the neonatal period may contribute to the stability of 

handedness. This is an appealing hypothesis, but the results of a few studies about this topic did not 

confirm it (Corbetta & Thelen, 1996, 1999; Rönnqvist & Domellöf, 2006). 

Some authors have found a right foot preference for  the stepping reflex in infants during 

the first 10 days after birth (Melekian, 1981), and between 3 weeks and 3 months (Petres & Petrie, 

1979) but, again, this is still  a matter of great controversy (Cioni & Pellegrinetti, 1982; Kamptner, 

Cornwell, Fitzgerald, & Harris, 1985; Thelen, Fisher, Ridley-Johnson, & Griffin, 1982; Trehub, Corter, 

& Shosenberg, 1983).The investigation of spontaneous kicking movements in newborn babies did 

not clarify the problem: some studies found no preference (Thelen, Ridley-Johnson, & Fisher, 1983), 

but other studies observed a right lower l imb preference (Piek & Gasson, 199 9). The explanation for 

such differences may rely on the methodological options that were adopted in different studies 

(Lynch et al., 2008). 

The relationship between head turning movements and lower limb stepping and placing 

was also investigated (Domellöf, Hopkins & Rönnqvist, 2005; Trehub et al., 1983), but no correlations 

could be established. Some authors assessed the palmar reflex, tonic neck reflex, babinsky reflex and 

placing reflex in premature infants at high risk, but did not find any consistent bias in lower and 

upper limbs (Grattan et al., 2005).  
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Porac and Coren (1981), suggested that there is a high correlation between manual right 

preferenc e and foot right preference, but a more recent study (Berger, Friedman, & Polis, 2011), 

assessed how footedness (as infants crawled and walked) is related to handedness in the first year of 

life, suggesting a high variability in the developmental trajectory of foot preferenc e, with frequent 

fluctuation between side preferences in the lower l imb, and a  more stable trajectory of hand 

preferenc e. These authors emphasized the behavioral observations at multiple time scales to 

understand underlying developmental trajectories specifically the stability or instability of the motor 

system associated with the acquisition of new motor abilities.  

Corbetta and Thelen (1999) followed four children longitudinally during the first year of life 

and investigated reaching and non-reaching movements’ kinematics. Their results indicated that 

lateral biases in spontaneous non reaching movements showed several shifts that were similar to 

those observed in reaching movements. The authors proposed that shifts in the development of 

hand preference during the first year are linked to successive reorganizations of the motor system. 

Accordingly, they argued that spontaneous and freely performed movements that are not subject to 

specific external constraints or task demands may offer a different description of the natural 

evolution and development of lateral preferences during infancy. 

The samples under investigation are normally very small, and the observation periods are 

very l imited. Several studies made an explicit appeal for longitudinal studies involving larger samples, 

and observation of a greater number of behaviors at a gestational age (Corbetta & Thelen, 1996; 

Hepper et al., 1991; Rönnqvist & Domellöf, 2006). Based on previous findings of the literature the 

following questions were addressed: (i) Does a lateral asymmetry exist in terms of arm and leg 

spontaneous movements at birth, 1
st

 and 3
rd

 month of l ife in healthy infants? (ii) How do lateral 

asymmetries develop during the first three months? (i ii) Is there any relationship between arm and 

leg asymmetrical movements? (iv) Is there a manual preference in functional tasks at the age of 18 

months? (v) If so, is this preference predicted by spontaneous arm and leg movements during the 

first three months?  

 

4.2.3. Methods 

Participants 

A sample of twenty-eight newborns from two hospitals in Lisbon, born during the same 

week was selected for this study. Infants fulfilling the selection criteria were: singleton birth at full -

term (37-42 weeks), vaginally delivered, absence of pre or perinatal complications, normal neonatal 

neurological findings, a 5-min Apgar score (≥8). During the study, eight infants missed one or more 

assessment moments, and therefore were excluded from the investigation. The final sample 

comprised nineteen full  term infants (10 boys, 9 girls), with a mean gestational age of 39,1 ±1,0 
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weeks, ranging from 37 to 41 weeks, and pos natal age ranged from 1 to 5 days, and mean pos natal 

age was 2,7±1,3 days. The birth weight ranged from 2,450 to 4,055 kg, with a mean weight of 

3,181±0,443 kg. The neonates were observed for the first time during the first days (M= 2,7 days). 

Informed consent was obtained from parents and the study was approved by the Ethics Committees 

of the two Hospitals.  

Procedure and materials  

A digital video camera was positioned in front of and slightly above the infant to provide 

optimal viewing for all  behaviors. Four assessment sessions were performed at birth, 1
st

month, 

3
rd

month and 18-months of age.  

Birth, 1
st

 and 3
rd

month. The first session was carried out and videotaped at a nursery room, 

in a pleasant and quiet atmosphere, which allowed a naturalistic environment. All  observations 

were performed when the newborn was between the awake and alert states, that is, the fourth 

stage (Prechtl & O’Brien, 1982). The infant was in a supine posture lying on a comfortable mattress 

placed on a table. The examiner held the infant’s head in the midline. The intensity of noise and 

light were controlled during fi lming. The second and third sessions (first and third months) took 

place at each infant’s home, and the environmental conditions were as similar as possible. To 

account for developmental changes, at 3 months, but not at birth and 1 month, a plastic mobile 

was introduced and positioned over the midline and center of the infant to attract his/her visual 

attention. At those three initial sessions, the recording times ranged from 2 to 4 minutes, with an 

average of 2 minutes and 53 seconds. This movement recording time was longer than in prior 

longitudinal studies which reported an average of 60 seconds (Corbetta & Thelen, 1996 , 1999) and 

30 seconds (Lynch et al., 2008) per session.  

18-months old. This session took place at each infants home. They were seated on a 

standard feeder seat, facing forward, the upper limbs free to move and the trunk supported by the 

chair. The video camera was placed on a frontal  plane, opposite to the infant at midline infant´s. 

Each child performed two tasks:  

(1) Reaching a plastic colored ball (6 cm diameter) repeatedly presented, three trials, at the 

infant’s body midline and at a reachable distance. Before each presentation of the ball  the infant’s 

hands were separated symmetrically at each side of infant’s body by the experimenter in order to 

standardize the initial position. Trials were repeated if there was no reaching behavior. During object 

presentation the researcher remained hidden under the seat during the task, thus not revealing 

which arm (left or right) was offering the ball; the task was videotaped and repeated until  three 

reaches were recorded. This task and dimension of the ball  utilized were in agreement with those 

used by other studies  that assessed manual preference at similar ages (e.g. Rönnqvist & Domellöf, 

2006; van Hof, van der Kamp, & Savelsbergh, 2002). 



Lateral biases 

 

 

Infant Lateral Biases  66 

 

(2) Drawing on a white paper sheet (10 × 14 cm) positioned at midline infant’s. A pencil  with 

8 cm of dimension also placed at the midline, and the infant was asked to draw in a free way during 

the time recorded (the recording times ranged from 23 to 60 seconds, with an average of 47 

seconds). Infants were asked to draw in a paper in order to identify whi ch hand the infant used for 

picking the pencil  and to draw. Rönnqvist and Domellöf (2006) in his research used the drawing task 

in a paper with infants at 36 months of age, during five trials, four seconds each trial. Our sample 

was younger and the task was not so familiar at this age, so for that reason the time recorded was 

shorter. Only one trial was recorded. 

 

4.2.4. Data analysis 

Observational data was obtained from the video recordings and edited in a computer. Two 

independent observers that were familiar wi th observation techniques were instructed to assess the 

following parameters:  

 

(i) Arm spontaneous movements, defined by the number of spontaneous movements 

that infants performed with the right arm, the left arm, and bilateral movements; 

spontaneous movements were defined as any free arm movement generated by 

the infant from their proximal joints (shoulder and elbow joints). Each joint 

movement, i .e. flexion, extension, abduction, or adduction was considered as one 

movement. Distal movements of the finger(s) or hand alone were not included. 

(ii) Leg spontaneous movements, defined by the number of spontaneous movements 

that infants performed with the right leg, left leg, and bilateral movements; 

spontaneous movements were defined as any free leg movement generated by the 

infant from their proximal joints (hip or knee joints). Each joint movement, i .e. 

flexion, extension, abduction, or adduction was considered as one movement. 

Distal movements of the toes or foot alone were not included. 

(iii) Manual preference in the ball reaching task, defined by the number of times that 

infants reached the ball, expressed by: predominantly or always reaching the ball 

with left, right and bilateral hands. 

(iv) Manual preference in the drawing task, defined by the number of times that 

infants picked the pencil, expressed by: predominantly or always picking the pencil 

with left or right hands. 
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Data from the two observers presented high inter-observer reliability scores: 93% for the 

newborn, 89% for the 1
st

 month, 92% for the 3
rd

 month, and 100% for the 18
th

 month.  

The expression of laterality in spontaneous movements has been based on the argument 

that the preferred side of the body has also a higher frequency of movements  (Rönnqvist & 

Domellöf, 2006). A laterality asymmetry quotient (LAQ) was calculated following the formula 

presented by Carlson and Harris (1985). The LAQ formula was calculated for each infant by 

subtracting the total number of left arm or leg movements from the total number of right arm or leg 

movements and dividing the difference by the sum of all  right and left arm or leg movements. 

Movements that involved the simultaneous activity of both arms or legs were accounted in the 

equation by assigning half of the movement score to one arm or leg and the other half to the other 

arms or legs as in LAQ =[(R+(B/2)) -  (L+(B/2))]/ [(R+(B/2)) + (L+(B/2))] (similar equations were used by 

Corbetta & Thelen, 1999; Fagard, Spelke, & Hofsten, 2009). 

The LAQ score varies between +1 and -1, where the sign indicates the direction of lateral 

preferenc e (right (+) or left (-)) and the number (0-1) reflects the strength of the lateral preference. 

LAQ scores of +1.00 were considered to reflect a consistent right (CR) arm or leg use/activity across 

trials, while LAQ score of -1.00 were considered to express a consistent left (CL) arm or leg 

use/activity across trials. Intermediate positive LAQ scores were considered to reflect a non-

consistent but predominant right arm or leg use (NCR), while scores with intermediate negative LAQ 

values were considered to reflect a non-consistent but predominant left arm or leg use (NCL). LAQ 

values of zero were considered as  no preference (NP) as they reflected equal use of both the right 

and left arm or leg. If an infant did not performed any arm or leg movement i t was categorized as No 

Movement (NM). 

For the 18
th

 months analyses, the hand used to reach for the ball  at each of the three trials 

was coded and used to classify the responses as follow: (i) CR, when the ball  was reached three times 

with the right hand; (i i) CL when the ball  was reached three times with the left hand; (i ii) NCR, when 

the ball  was reached twice with the right hand; (iv) NCL, when the ball  was reached twice with the 

left hand; (v) NCR or NCL when the ball  was once reached by one hand and twice bilaterally, by the 

right or left hand respectively; and (vi) NP, when the ball  was reached three times bilaterally. To 

code the drawing task the same categorization was used:  (i) CR, when the right hand was used all 

the time to pick the pencil to draw; (i i) CL when the left hand was used all  the time to pick the pencil 

to draw; (iv) NCL, when predominantly was used the left hand to draw; (v) NCR when predominantly  

the right hand was used to draw; and (vi) NP, when the infant used the equal number of times to 

draw with the left and with the right hand.  
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Because the LAQ is a frequency measure that is bound between +1 and -1 and does not 

meet the criterion of normal distribution, we assesses the direction and consistency of handedness 

within and across sessions using non-parametric statistical tests at a significance level  of p <0.05.  

 

4.2.5. Results  

Spontaneous movements at birth, 1
st

, and 3
rd

 month of age  

The average number of arm movements produced by the infants at each ages and used for 

the computation of MP were: 13.9±7.0 at birth, 18.6±9.2 at the1
st

 month, and 13.9±7.4 at the 3
rd

 

month. For the leg movements: 15.2±7.5 at birth, 25.4±12.8 at the 1
st

 month, and 24.6±12.0 at the 

3
rd

 month. A considerable higher of number of movements were observed in legs than in arm 

activity. 

The LAQs obtained for each infant in the first three months of life for arm and leg 

spontaneous movements are reported in Figures 4.8. and 4.9. Each age related graph displays 19 

bars, where each bar corresponds to the LAQ of one single child. The 19 infants’ positions across all 

graphs are the same such that individual LAQs can be tracked over time.  

 
Figure 4.8. LAQs of arm spontaneous movements by each infant, at birth, 1

st
 and 3

rd
 months. 

 

Figure 4.9. LAQs of leg spontaneous movements by each infant, at birth, 1
st

 and 3
rd

 months.  
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The majority of the LAQ values across all  the three moments ranged between 0.5 and -0.5, 

indicating that infants displayed mainly weakly lateralized biases of arm and leg activity (Figures 4.8. 

and 4.9.). The direction of LAQs for each age group of arm activity averaged 0.03, -0.08 and -0.09, at 

birth, 1
st

 and 3
rd

 months respectively, and for leg activity, averaged 0.13, -0.05 and -0.04 at birth, 1
st

 

and 3
rd 

months. These results indicate an absence of lateral asymmetries concerning arm and leg 

movements . The analyses of each infant’s LAQ over time also revealed no  individual consistency in 

the direction of the lateral asymmetries. Out of the 19 infants observed, only two (infants #9 and 

#18) maintained a consistent negative direction in arm LAQ, with slightly more left arm movements 

than right arm movements. All  other 17 infants had LAQ values that fluctuated between right, left, 

and no preferred side over the 3  months observed. The observation of each infant’s leg LAQ over 

time revealed no individual consistency in the direction of the lateral leg asymmetries for the 

majority of the babies. Out of the 19 infants, only two (infants #14 and #16) maintained a consistent 

negative direction, with slightly more left leg movements than right leg movements, and four 

(infants #5, #11, #12 and #19) maintained a consistent pos itive direction, with slightly more right leg 

movements than left leg movements. All  other infants had LAQ values that fluctuated between right, 

left, and no preferred side over the first 3 months. 

Manual preference at 18 months old  

For the observation of lateral asymmetry at the age of 18 months, two tasks were used: 

reaching for a ball  at midline and a drawing task. In Figure 4.10. the graph displays the 19 infant’s 

bars, each bar corresponding to the LAQ of one single child, to the reaching and to the drawing tasks 

at 18 months old. 

 

Figure 4.10. LAQs of reaching and drawing tasks by each infant at 18 months old.  

 

Data shows that most of the infants displayed a right manual preference, with the majority 
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of reaching task averaged 0.40 and for drawing task averaged 0.68. Figure 4.10. shows that MP at 

this age appears to become more established, with 6 infants at reaching task (out of 1 9) and 12 

infants at the drawing task (out of 19) displaying strong consistent MPs across tasks. 

 

Spontaneous movements at first 3 months of life and manual preference at 18 months of 

age  

The observation of each child’s LAQ over time from birth, 1
st

 and 3
rd 

months to 18 months of 

age doesn’t reveal any consistency and direction of lateral biases. None of the 19 infants maintained 

a consistent positive or negative direction in LAQ over the 4 periods observed. 

Table 4.3. reports the distribution of the infants’ LAQs classified as a function of the 

consistency and direction categories of arm, leg movements, reaching and drawing tasks , as 

previously defined. To analyze those LAQ distributions a Chi -Square was used for statistical 

significance at each age period. Data confirms that infants at the first 3 months displayed mostly 

inconsistent or non-lateralized arm and leg movements, and at 18 months of age infants displayed 

mostly a consistent lateralized manual preference especially in the drawing task. 

 

Table 4.3. Distribution of LAQs by age, strength, and direction for arm, leg, reaching and drawing 

tasks. ChiSquare p values are reported by age.  

 
CR CL NCR NCL NP N p 

Arm - Birth 1 0 7 9 2 19 0.024* 

Arm - 1
st

  0 0 7 11 1 19 0.018* 

Arm - 3
rd 

 0 0 4 10 5 19 0.196 

Leg - Birth  0 0 13 4 2 19 0.004* 

Leg - 1
st 

 0 0 7 11 1 19 0.018* 

Leg - 3
rd

  0 0 8 11 0 19 0.049* 

Reaching - 18
th

 6 1 8 0 4 19 0.131 

Drawing - 18
th

 12 1 6 0 0 19 0.008* 

 

A Friedman ANOVA on ranks, which accounts for the repeated measures over the successive 

sessions for all  19 infants, revealed a developmental asymmetry toward increasing right handedness 

at 18 months for the arm preference (birth, 1
st

, 3
rd

/Reaching: Friedman ChiSquare(3) = 13,137, p < 

.005; birth, 1
st

, 3
rd

/Drawing: Friedman ChiSquare(3) = 23,795, p < .001), and for the leg preference 

Leg at birth, 1
st

, 3
rd

/Reaching: Friedman ChiSquare(3) = 15,119, p < .001; Leg at birth, 1
st

, 

3
rd

/Drawing: Friedman ChiSquare(3) = 26,211, p < .001).  
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Finally, the right manual preference at 18 months old was observed but was not predictable 

at the first 3 months of life concerning spontaneous movements examined on this sample, in other 

words, fluctuations observed at the first 3 months did not predict handedness status at 18 months 

old. 

 

4.2.6. Discussion  

Research on lateral biases in early infancy has showed a non-consistent bias or lateral 

preferenc e stability during the first months of life (Cioni & Pellegrinetti, 1982; Corbetta & Thelen, 

1999; Kamptner et al., 1985; Lynch et al., 2008; McDonnell et al., 1983; Michel & Harkins, 1986; Piek 

& Gasson, 1999; Thelen et al. 1982, 1983; Trehub et al., 1983). In the present study we attempted to 

longitudinally assess the same infants examining them as a whole and looking at their individual 

differences. Specifically, we attempted a full  vision of infants by observing their upper and lower 

body asymmetries in a developmental perspective. At some point about 3 months after birth, 

preferential head turning will  no longer stand as a marker for lateralization in the up per body and 

had to be replaced by a manual preference (Domellöf et al., 2005), so we tried to find an indicator of 

functional lateralization observing manipulative tasks at 18-months of age. Our results showed wide 

intra- and inter-individual variability in relation to all  variables considered in terms of spontaneous 

movements during the first 3 months of life. Identical results were reported by Domellöf et al. 

(2005), when they compared asymmetries in head turning with leg movements during stepping and 

placing. Some authors referred motor asymmetries in the newborn as state dependent but not 

independent of position in space (Rönnqvist & Hopkins, 2000), however extrinsic factors such as 

positioning the infant and their state of awareness are crucial to assess it. Moreover  it is referred 

that newborn’s motor asymmetries are controlled by multiple neural subsystems rather than a singl e 

lateralized system (Domellöf et al., 2005; Grattan et al., 2005).  

Less investigation is addressed to lower body asymmetries , and a similar method was used 

to assess spontaneous kicking in supine posture (Trehub et al., 1983) where a consistent bias was not 

found. Neither  stepping nor placing manifested a consistent assymetry in terms of the foot that was 

moved first (Trehub et al., 1983). During the first months of l ife, active and healthy infants usually 

kick from 4 to 80 times per minute (Piek & Carman, 1994) and perform the kicks in an alternative 

way, increasing the percentage of single-leg kicks from 1 to 4 months of age (Thelen et al., 1983). 

This fact may help to understand our data in what concerns leg asymmetry.  

A longitudinal study by Lynch et al. (2008) in a study with 13 infants from 8 weeks until 20 

weeks tested the hypothesis that right-left differences exist in pre-reaching arm movements and our 

results are in agreement with their suggesting of no evidence of a systematic right-left difference 

before reaching onset. This report highlighted the importance of physical and social environment in 
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the development of asymmetries following the reach onset. Another recent longitudinal research 

between 6 and 14 months examined the developmental trajectories for prehension handedness and 

concluded that using non-linear multilevel models of infant’s handedness with monthly intervals 

permit to accurately capture the developmental changes in manual skills  (Ferre, Babik, & Michel, 

2010). Comparing reaching and non-reaching movements is a logical way (Corbetta & Thelen, 1996), 

but longitudinal designs with larger samples should be used. 

In this study the results revealed a lack of asymmetries during the early months of life. At 18  

months-old a consistent right manual asymmetry was found in the manipulative tasks observed. 

Intentional movements reflected a strongest right side preference, but a relation between the early 

months and the 2
nd

 year of l ife was not identifi ed. Our results revealed two distinct periods, the first 

correspondent to the first three months of life, that is characterized by a lack of asymmetries in 

terms of arm and leg preferenc e, and the other period (18 months), characterized by a right manual 

preferenc e. In other  words, the study comprises two completely different developmental stages 

reflecting spontaneous versus intentional movements, demanding also different posture control.  We 

did not observe functional tasks to assess foot preference to compa re and relate data, and we did 

not observe more periods in the 2
nd

 year of life to consolidate our data. Despite these facts, our 

results are in accordance with other studies (Geerts, Einspieler, Dibiasi, Garzarolli , & Bos, 2003) 

where a right manual preference was found at this age in manipulative hand movements . We are in 

condition to make three recommendations: to investigate additional longitudinal stages, to do it 

using shorter intervals, and to do it with different tasks in order to find developmental  

reorganization that will  facilitate the capture of periods of stable lateral biases that may pr edict later 

manual preference.  
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5. Tasks involving two hands 

 

5.1. Development of manual asymmetry in a functional task in infants from 12 to 18 months  

(study 6) 

 

5.1.1. Abstract  

This study aims to characterize manual asymmetries in a functional task, in twenty infants  at the 

ages of 12, 15 and 18 months. Infants were asked to handle a book in order to describe which hand 

was used to steady the book, which hand was used to turn the pages, and how the two hands 

behave when acting simultaneously. Results showed that the two hands played different and specific 

roles, but the specific role of each hand was not the same in different children. Most of them used 

their right hand to steady the book and their left hand to turn the pages, but such preference 

changed with age, and turning pages with the right hand increased with age. At younger ages infants 

differentiated more between steadying and leafing. When acting simultaneously infants sh owed at 

12 months a preference to steady the book with the right hand, while leafing with the left hand, but 

this preference changed gradually with the age, and at 18 months they preferred steady the book 

with the left hand, while leafing with the right ha nd. We conclude that, as children grow older, there 

is a greater interest in manipulating the pages and a lower need to stabilize the book, with the 

correspondent shift in lateralized behavior. Across ages there was an increase in movement’s 

frequency, a decrease in functional asymmetry and a right hand preference to manipulate the book.  

Keywords: Manual asymmetry; manual preference; infants; longitudinal study; functional tasks. 

 

5.1.2. Introduction 

Manual preference (MP) in the first year of life is characterized by several oscillations 

caused not only by the stil l  poor control of the upper l imb, but also by factors such as postural 

control and new sensory-motor experiences (Corbetta & Thelen, 1999). Over time MP is being 

defined and bimanual coordination improves (Birtles et al., 2011; Fagard & Corroyer, 2003; Fagard & 

Pezé, 1997). The improvement of the motor coordination in bimanual actions is commonly observed 

during the first year of life, leading to the emergence of functional synergies (Michel, Ovrut, & 

Harkins, 1985). Around 18 months, and following the consolidation of bimanual coordination, one 

can observe the involvement of one limb (usually the right) executing the main action and the 

intervention of the other l imb (usually the left) in movements of support or maintenance (Brakke, 

Fragaszy, Simpo, Hoy, & Cummins-Sebree, 2007). In these situations it becomes possible to identify a 

MP expressed by the frequency of use of each hand in performing some tasks. The studies of infants’ 

MP during the first year focus on reaching and manipulating actions (Birtles et al., 2011; Fagard, 

Splelke, & Hofsten, 2009; Michel, Tyler, Ferre, & Sheu , 2006; Rönnqvist & Domellöf, 2006) and the 
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vast majority of studies on laterality in functional tasks has used samples of infants with two or more 

years of age (e.g. Corbetta & Thelen, 1999; Fagard & Corroyer, 2003; Geerts, Einspieler, Dibiasi, 

Garzarolli , & Bos, 2003; Leconte & Fagard, 2004). In these studies several functional ta sks such as 

drawing, hammering, throwing, inserting cubes into boxes, cutting with scissors and using an eraser 

have been investigated. 

Corbetta and Thelen (1999) followed four children longitudinally during the first year of life 

and investigated reaching and non-reaching movements. Their results indicated that lateral biases in 

spontaneous non-reaching movements showed several shifts that were similar to those observed in 

reaching movements. The authors proposed that that shifts in the development of hand  preference 

during the first year are linked to successive reorganizations of the motor system. Accordingly, they 

argued that spontaneous and freely performed movements that are not subject to specific external 

constraints or task demands may offer a better description of the natural evolution and 

development of lateral preferences during infancy. Grasping movements were also investigated 

comparing right-handed and left-handed consistent children performing two tasks of different levels 

of complexity, in various positions in space (Lecont & Fagard, 2004). The results showed that the 

general tendency to use one’s preferred hand to grasp an object is more or less pronounced 

depending on the object’s spatial location and the task’s complexity. The authors suggest that 

handedness is a dynamic process in which motor preferences interact with task demand. 

The emergence of bimanual manipulation was justified as being related not only with the 

object used, but with experience that the infant acquires with the task (Geerts et al., 2003). This 

study assessed the qualitative development of manipulative movements of objects at 14 , 18 and 25 

months. Infants were videotaped during grasping, manipulating and inserting a cube in a box and 

pegs in a peg-board. The results showed a right MP mainly to grasp, manipulate and insert the pegs, 

while no MP for the cube. The increased experience in manipulation of objects induces the 

preferenc e for one hand, and in the case of bimanual manipulation, the choice of one hand to make 

the most active and controlled movements and of the other hand to ensure more passive 

movements for support or for assistance (Geerts et al., 2003; Hinojosa, Sheu, & Michel, 2003). 

Corbetta and Bojczyk (2002) observed reaching adaptive responses after the transition to up 

standing and walking, and concluded that before the onset of upright locomotion, the infants 

responded to each task adaptively with uni or bi manual patterns depending on the manual task and 

the size of the toy. After learning to walk bimanual  responses increased in all  tasks, and bimanual 

decreased only when the infants gained balance control . 

Although the actions of the two hands are different they are complementary: one hand 

supports or stabilizes the object and the other handles or explores  it (Kimmerle, Mick, & Michel, 

1995). These authors mentioned that the actions that are performed by the preferred hand and by 

the non-preferred hand in unimanual manipulation were consistent with the observed differenc es in 
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each hand in bimanual manipulation. However, it may happen that the preferred hand is not the 

most proficient in performing the task. The strength and dexterity, for example, may be influenced 

by task characteristics (Fagard & Lockman, 2005), by environmental factors (Corbetta & Bojczyk, 

2002), or by morphological constraints (Lynch, Lee, Bhat, & Galloway, 2008), making them less 

dependent on the preference. 

In this study the following questions will  be discussed: (i ) Are there lateral asymmetries in 

the func tional task of leafing through a book in the first year of life? (ii) What is the nature of the 

developmental changes in bimanual tasks? 

 

5.1.3. Methods 

Participants 

A convenience sample of 20 children (9 females and 11 males) with the same chronological 

age was selected for this study. The sample included healthy infants without pre-, peri- and post 

natal complications. Children with functional or cognitive disability and neuromotor and/or 

orthopedic illness were not included in the sample. Children were tested at the ages of 12, 15 and 18 

months. Informed consent for the child’s participation in the study as well as for restricted use of the 

videotaped images produced during the sessions was obtained from the parents. This study was 

approved by the Ethics Committee of the Faculty of Human Kinetics of the Technical University of 

Lisbon. 

 Procedures 

A paperboard book appropriate to the stage of psychomotor development of the children, 

with colorful pictures, 13.5 x 13.5 cm in size, was presented to the children. No constraints and 

instructions other than the presentation of the book were manipulated. 

Children were observed at home, in the presence of the mother or father. The recording 

position was standardized and a chair was used with lumbar support and a tray to support the book 

for the func tional task. The time to complete the task varied from 1 to 2 minutes, with an average of 

90 seconds. The observation and classification of behaviors were performed by two independent 

observers (with inter-observer reliability of 99% at 12th month, 98% at 15th month and 100% at 

18th month). The number of movements was categorized in the following conditions: (i) right hand 

(RH) to steady the book; (i i) left hand (LH) to steady the book; (i ii) RH to leaf the book; (iv) LH to leaf 

the book; and (v) two hands to leaf the book. Descriptive statistics (mean, standard deviation and 

percentage) was used to describe the results. The Pearson coefficient was adopted to explore the 

correlations between variables. The significance level was set at p <0.05. To determine the laterality 

quotient the procedures described by Carlson and Harris (1985) were adopted, resulting in a value 



Tasks involving two hands   
 

Infant Lateral Biases  80 

 

between +1 and -1 indicating the direction and consistency of the manual preference, with a positive 

value for right manual preference and a negative value for left manual preference. Infants were 

considered “consistent left” for values equal to -1.00 and “consistent right” to values equal to +1.00. 

Infants were classified as “consistent left” (CL) with intermediate negative values, and “consistent 

right” (CR) with intermediate positive values. Infants with a laterality quotient of 0 were considered 

as without MP. 

5.1.4. Results 

Table 5.1.Total sum of movements, average and standard deviation per minute of the hand that leafs 

and the hand that steadies on the left (L), right (R) and bi manual leafing. 

 12
th

 month 15
th

 month 18
th

 month 

  ∑ Mov  Movs/min±SD  ∑ Mov  Movs/min±SD  ∑ Mov  Movs/min±SD 

 

Hand steadies R 

 

45.0 

 

1.59±1.38 

 

38.0 

 

1.35±1.45 

 

25.0 

 

0.71±0.77 

Hand steadies L 

 

24.5 0.78±0.93 32.0 1.00±0.98 44.0 1.24±1.58 

 

Hand leafs R 

 

52.5 

 

1.70±1.36 

 

77.0 

 

2.33±2.16 

 

111.0 

 

3.06±2.44 

Hand leafs L 87.0 3.07±2.03 108.5 3.89±3.05 143.0 4.14±2.54 

Bimanual leafing 

 

37.0 1.28±1.01 28.5 0.95±0.99 42.0 1.36±2,04 

 

Steadying a book requires less movement than leafing the pages. That is the natural 

consequence of the different goals of the two components of the task under analysis. The 

movements’ average number of the hand that leafs the book is higher than that of th e hand 

movements which steadies the book in the three moments observed. The movements of the leafing 

hand increase gradually with age. Over time, the movements of the hand that steadies on the right 

decrease and the movements of the hand that steadies on the left increase. Bimanual movements 

were stable during the study period and are lower as compared to the leafing hand movements.  

Children always leaf more with the LH than with the RH and most times they steady more 

with the RH than with the LH, except at 18 months. The differenc e of the mean of hand movements 

between steadying and leafing is greater when the leafing hand is the left one with steadying by the 

right hand. This tendency is more pronounced at 18 months. At 12 months the children who leaf 

more with the LH are also those steadying more with the RH (r = 0.768, p <0.01), and those leafing 

more with the RH are those who steady more with the LH (r = 0.794, p <0.01). Similarly, at 15 

months, children who leaf with the LH are also steadying more with the RH (r = 0.661, p <0.01), and 

those leafing more with the RH are steadying more with the LH (r = 0,556, p <0,05). At 18 months, 

children leafing more with the LH are also steadying more with the RH, but the correlation was not 

significant (r = 0,251, p>0,05), and those leafing more with the RH are those steadying more with the 

LH (r = 0,562, p <0,01). The bilateral movements also show positive correlations with the movements 
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of the LH as the one that steadies at 12 months (r = 0,513, p <0,05), at 15 months (r = 0,583, p 

<0,01), and at 18 months (r = 0,368, p> 0,05).  

An individual analysis was carried in order to find number of infants showing a lateral 

asymmetry quotient in the two patterns of movements when both hand are acting simultaneously. 

Table 5.2. presents the results on the consistency of MP in terms of number of children who: (i) 

prefers to steady with the right hand when the left hand is leafing, (ii) prefers to steady with the left 

hand when the right hand is leafing, (iii) shows no manual preference (NMP); (iv) no one of the two 

movements patterns was observed (NM).  

 

Table 5.2. Number of infants for the entire sample for each age group in the three moments that 

prefers: steadies with the right hand when the left hand leafing; steadies with the left hand when the 

right hand leafing; show no manual preference (NMP), or without movements observed (NM). 

 

Steady right/leafs left Steady left/leafs right NHP NM Sample 

12 
th

month 11 2 2 5 20 

15 
th

month 7 9 2 2 20 

18 
th

month 4 9 4 3 20 

 

A small number of infants have showed right MP with the hand that leafs at 12
th

 month, (2 

infants) increasing that number across 15
th

 month and 18
th

 month (9 infants; 9 infants). At 12 month 

most infants have showed a left MP with that hand that leafs (11), that number decrease at 15
th

 

month (7 infants) and even more at 18
th

 month (4 infants). A small number of infants have showed 

NMP (12
th

 month: 2; 15
th

 month: 2; 18
th

 month: 4) and some infants did not show any movement 

leafing with one hand and steadying with the other hand (12
th

 month: 5; 15
th

 month: 2; 18
th

 month: 

3). 

To better understand the acting of both hands acting simultaneously figure 5.1. show the 

changes in the percentages of the movements’ average of the right hand steadying while left hand is 

leafing, and of the left hand steadying while right hand is leafing. 
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Figure 5.1. Percentage, over age, of the right hand steadying when the left ha nd leafing, and the left 

steadying with the right hand leafing. 

When both hands are acting simultaneously an inverse tendency could be observed. Infants 

begin to prefer steadying with the right hand when the left hand leafing at 12
th

 month (68, 2%), 

decreasing the movements percentage with the age at 15
th

 month (51, 9%), and at 18
th

 month (43, 

7%). The movements percentage of the left hand steadying with the right hand leafing at 12
th

 month 

is lower (31, 8%), but increases at 15
th

 month (48, 1%), and higher at 18
th

 month (56, 3%). 

 

5.1.5. Discussion 

The questions that motivated the present study were addressed through the examination of 

different aspects. The first aspect concerned the existence of lateral asymmetries in a functional task 

in the first year of life; the second, its evolution over time, and the third, if there is any relation 

between these asymmetries. As stated previously, children choose to use one hand to stabilize or 

guide the book, while the other explores it (leafing), with or without steadying. According to 

Kimmerle et al. (1995), such actions can be observed in children from 6 months in uni -manual tasks, 

and begin to appear later, by 7-9 months, in bimanual tasks. Our results suggest that, as the age 

increases, children increased the active component (leafing), and reduced the need to stabilize the 

book. The number of steadying actions and leafing actions diverges with age. At all  ages there was a 

dominance of leafing actions . 

In general, children preferred to leaf more with the left hand and steadied it more with the 

right hand and the correlations for this asymmetry showed that it is highest at 12 months, 

decreasing with age. That is, despite the fact that the difference of movements between the hand 

that steadies and the hand that leafs increases with age, the functional asymmetry between right 

hand that steadies and the left hand that leafs decreases with age. These results confirm those of 

Fagard (1998), who refers an expected increase in the preference for one hand with age, but to 
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some extent: when the task becomes less motivating the preference can also become less clear. 

According to Fagard, Spelke, and Hofsten (2009), the preferenc e for one hand reaching for objects 

during the first year of l ife is not very strong, hovering between the preferenc e right, left, and no 

preferenc e, the preferenc e right being the more fr equent one with time.  

This study revealed a greater left preferenc e for the leafing movements, but this could be 

due to the fact that we analyzed the manipulation and not the reaching of an object (requiring a 

unimanual action), reinforcing the different role of manipulating in terms of handling at the 

bimanual coordination. Geerts et al. (2003) referred that the increased experience in manipulation 

of objects induces the preferenc e for one hand, and in the case of bimanual manipulation, the choice 

of one hand to make the most active and controlled movements and the other hand to ensure more 

passive movements for support or for assistance. In this study the manipulation of the book was 

object space dependent rather than handedness dependent at the first moments. 

A small number of children demonstrated stability in HP for steadying and for leafing the 

book over the three moments studied. However, the classification of the consistency of MP allowed 

finding biases in children inconsistent left and right, thus demonstrating the fluctuations that are 

typical in these ages (Corbetta & Thelen, 1999). More than to characterize the direction of MP, it is 

essential to understand its consistency at a given time as well as through time, since children are 

subject to the acquisition of motor experiences that may influence the trends of these two features 

of MP (direction and consistency). This is the case of the sample that was investigated, which is in full 

phase of acquisition and improvement of gait. In addition to MP, it is also essential to understand 

bimanual coordination as the ability to manipulate objects along the children’s  motor development. 

When analyzing both hands acting simultaneously, a well-defined bias was observed. During the 

three moments observed along six months, children revealed initially a clear HP to manipulate the 

book with the left hand while steadying with the right hand, that MP changed over time inverting to 

a preferred right hand to manipulate the book at 18 months. These biases are according with 

literature reviewed when is referred that around 18 months, and following the consolidation of 

bimanual coordination, one can observe the involvement of one limb (usually the right) executing 

the main action and the intervention of the other l imb (usually the left) in movements of support or 

maintenance (Brakke et al., 2007). A right MP mainly to grasp, manipulate and insert the pegs at 14, 

18 and 25 months is also stated by Geerts et al. (2003).  

Initially in this sample the steadying of the book seems to have been the most challenging 

action, and perhaps for this reason the preferred hand to accomplis h the task was the right one. 

Probably, only after the movement of steadying the book is well controlled, children feel 

comfortable to start leafing the book with the right hand in a more consistent behavior. This 

moment of changing could become a key ques tion for future research. 
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6. Conclusions 

The methodological heterogeneity and diversity of results found in the literature guided this 

research project to investigate the development of lateral biases longitudinally, over a two year 

period, from birth to 24 months. The primary intention was to contribute to a deeper understanding 

of the development of lateral asymmetries . Based on the presented studies, some general findings 

can be described and some theoretical implications may be drawn. 

 

6.1. Main findings 

Longitudinal studies tracking the early development of lateral asymmetries are fairly rare 

compared to the large number of studies assessing hand preference in infancy. In fact, the majority 

of studies analyzed manual asymmetries using reaching and grasping tasks (e.g. Corbetta & Thelen, 

1996, 1999; Domellöf, 2006; Ferre, Babik, & Michel, 2010; Geerts, Einspieler, Dibiasi, Garzarolli , & 

Bos, 2003; Marschik, Einspieler, Strohmeier, Plienegger, Garzarolli , & Prechtl, 2008; Michel & 

Harkins, 1986; Michel, Sheu, & Brumley, 2002; Michel, Tyler, Ferre, & Sheu, 2006; Morange-Majoux, 

Peze, & Bloch, 2000; Rönnqvist & Domellöf, 2006). The results of the investigation in this area were 

not always consistent; while some of these studies reported a right manual preference (MP) , others 

found no consistent evidence of lateral differences or preference. Some of these studies assess more 

specifically the relation between early asymmetries and later MP (e.g. Michel & Harkins, 1986; 

Marschik et al., 2008), but the findings about stable manual asymmetries prior a nd after the onset of 

reaching in the first year were not confirmed by a number of longitudinal studies (e.g. Corbetta & 

Thelen, 1996, 1999; Lynch, Lee, Bhat, & Galloway, 2008; Piek, Gasson, Barrett, & Case, 2002; 

Rönnqvist & Domellöf, 2006). Studies that investigated manual laterality following reaching onset 

are split between some finding a right MP and others documenting no steady evidence of MP. 

Studies that focused on the 2
nd

 year of life and beyond this period revealed greater consistency in 

their reports of a growing right MP. Apparently it is possible that some effects of the repetition of 

reaching actions may be responsible for some MP effect; if such effect exists it is probably more 

evident in later developmental stages. 

Despite of less investigation being addressed to other lateral asymmetries, studies carried 

out on laterality in newborns focus mostly on the analysis of asymmetries in head turning from the 

midline. Various authors have agreed that there is a head turning preference in the newborn  when 

lying in supine position (Cioni & Pellegrinetti, 1982; Ecklund-Flores & Turkewitz, 1996; Konishi, 

Kuriyama, Mikawa, & Suzuki, 1987; Rönnqvist & Hopkins, 1998, 2000; Hopkins et al., 1990; 

Thompson & Smart, 1993), that is evident in the number of head turns to the right-hand side 

(Grattan, De Vos, Levy, & McClintock, 1992; Hopkins, Lems, Jassen, & Butterworth, 1987; Rönnqvist 

& Hopkins, 1998, 2000). However, others did not found lateral biases for head turning in newborn 

(Domellöf, Hopkins, & Rönnqvist, 2005). Although the most investigated lateral asymmetry in the 
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newborn has been head turning, other lateral preferences such as lateral reflexes, and particularly 

the tonic neck reflex, have also been addressed (e.g. Cioni & Pellegrinetti, 1982; Grattan et al., 2005), 

but with no conclusive results with regard to a persistent asymmetry. The palmar grasp reflex, has 

also been studied by some authors that observed a right lateral preference (Tan & Tan, 1999; Tan, 

Ors, Kurkcuoglu, & Kutlu, 1992) whilst other studies have not observed significant asymmetries in 

these reflex behaviors (Cioni & Pellegrinetti, 1982; Tan & Tan, 2001; Tan, Ors, Kurkcuoglu, Kutlu, & 

Cankaya, 1992; Thompson & Smart, 1993).  

Research focusing the lower limb lateral preference is rather  scarce. Some authors have 

found a right leg preferenc e for the stepping reflex in infants during the first 10 days after birth 

(Melekian, 1981), and between 3 weeks and 3 months (Petres & Petrie, 1979) but, again, this is still  a 

matter of great controversy (Cioni & Pellegrinetti, 1982; Kamptner, Cornwell, Fitzgerald, & Harris, 

1985; Thelen, Fisher, Ridley-Johnson, & Griffin, 1982; Trehub, Corter, & Shosenberg, 1983). The 

investigation of spontaneous kicking movements in newborn babies did not clarify the problem: 

some studies found no preference (Thelen, Ridley-Johnson, & Fisher, 1983) while other studies 

observed a right lower limb preference (Piek & Gasson, 1999). One recent study (Berger, Friedman, 

& Polis, 2011) assessed how footedness is related to handedness in the first year of life, suggesting a 

high variability in the developmental trajectory of foot preference, with fr equent fluctuation 

between side preferences in the lower l imb, and a more stable trajectory of hand preference. These 

authors emphasized the behavioral observations at multiple time scales to understand underlying 

developmental trajectories specifically the stability or instability of the motor system associated with 

the acquisition of new motor abilities. Clearly, the stability of hand preference relative to the 

(in)stability of lower limbs, suggests that the intentional use of one hand for object grasping may be 

a coercive vector in the process  of asymmetry definition. 

One major contribution of this research was the examination of lateral asymmetries  

through the quantification of newborns’ self-generated upper and lower l imb movements (studies 3, 

4 and 5). The asymmetries in arm and leg movements’ immediately after birth were not previously 

investigated. Our data show that if asymmetries are present in the palmar grasp reflex or head turn 

(as was observed by others), these do not extend to arm and leg movements. We also observed that 

a very small  number of infants presented minimal differences between right and left movements of 

upper and lower limbs. During the first months the symmetry of self-generated movements seems to 

be the rule. 

Overall, findings across studies found on the literature revealed a developmental trend from 

initially non-lateralized head turning, arm and leg movements to a right hand preferenc e, but several 

studies reported inconsistencies in findings, particularly in regard to the first year of life period 

(studies 1, 2 and 4). Most studies that focused on the first months of l ife failed to document the 

presence of predominant lateral biases; although one study found a right preferred head turn 
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followed by a right MP in the following months (Michel & Harkins, 1986). At the popu lation level, our 

results revealed a lack of lateral asymmetries during the early months following birth and reach 

onset. At 9 months of age infants start to show an emerging right manual bias. This right bias 

continued to grow and strengthen rather l inearly until  the age of 24 months. These group level 

findings are consistent with most prior longitudinal reports that examined MP over portions of this 

first 2 year developmental period. Thus, even though our approach to assess lateral preference was 

to change tasks as infants manual skills improved and to track development over a more extended 

period of time, our population level results are very much in line with what prior studies have 

reported.  

From the tasks observed during the second year, one was speci fically analyzed with regard 

to the consolidation of bimanual coordination (study 6) - the functional task of leafing through a 

book. Additional analysis informed that with aging there is a greater interest by the infant in 

exploring the book and differentiating the use of two hands for different actions. In fact, the results 

of our study are in line with the assumption that the hands develop specific competences, and that a 

cooperation between hands to accomplish a two-hands task follows the emergence of l ateral 

preferenc e. Results also suggest that sub-tasks (to stabilize the book and to leaf the pages) may be 

perceived as different priorities according to the motor competenc e at different ages. Several 

studies focused on laterality in functional tasks investigating samples of infants with two or more 

years of age and using functional tasks such as inserting cubes, drawing and hammering (e.g . 

Corbetta & Thelen, 1999; Fagard & Corroyer; Geerts  et al., 2003; Leconte & Fagard, 2004).  

We also examined to which extent the arm and leg asymmetries observed at early 

development stages were predictive of the MP preference observed at 18 and 24 months  (studies 4 

and 5). In both studies the results revealed a lack of asymmetries during the early months of life. At 

18 months-old a consistent right manual asymmetry was found in the manipulative tasks observed. 

Intentional movements reflected a strongest right side preference, but a relation between the early 

months and the 2
nd

 year of life was not identified. Two distinct periods were delineated, the first 

correspondent to the first three months of life, that is characterized by a lack of asymmetries in 

terms of arm and leg preference, and the other period (18 months  and 24 months), characterized by 

a right MP. In other words, the research comprises two different developmental stages reflecting 

spontaneous versus intentional movements, demanding also different posture control.  We did not 

observe more periods in the 2
nd

 year of life to consolidate our data. Despite these fa cts, our results 

are in accordance with other studies (Geerts et al., 2003) where a right manual preference was 

found at this age in manipulative hand movements . We found no significant correlations between 

any of the measured LAQs and the LAQs observed at 18 and 24 months. The process of lateral 

preferenc e may be one involving continuous reorganizations of the body, leg and arm preferences as 

new skills are being progressively developed up to the point a stabilization of MP can be. An 

explanation for these results can be that the individual fluctuations , as a result of complex 
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interactions between biological and environmental variables, unable any predictive relations. In this 

way, lateral preferences emerge at a certain moment in the developmental trend, and despite their 

biological origins, functional stimulus from the environment probably play a decisive role in their 

appearance and expression. 

This review of longitudinal studies highlighted a number of methodological issues that may 

account for the discrepancies observed.  

 

6.2. Methodological implications 

For a number of reasons  the variables used to assess MP varied greatly. In fact the motor  

and verbal competenc e of infants and children register big changes during the first years of life, and 

that is a major reason to justify the use of different tasks and of different procedures.  

Although it makes obvious methodological sense to adapt the tasks to the age of the 

participants given their growing manual capabilities, the variations in tasks between studies, with 

different groups of infants, and over different age ranges, contribute to provide bits and pieces of 

MP development over selected time spans but restricts the perception of a more coherent and 

continuous picture of the dev elopment of MP over its most formative years.  

Most studies did not follow changes in MP closely over extended time spans, or did not 

always account for the rapidly changing manual skills of infants by choosing the tasks under 

investigation as a function of their age and growing motor skills. When the researchers changed the 

task infants to assess different developmental periods, they did so over much expanded age periods, 

and not gradually over closer observation times (see for example, Corbetta & Thelen, 1999; Marschik 

et al., 2008; Rönnqvist & Domellöf, 2006). We are strongly convinced that the modification of the 

assessment tasks as infants grew older was a major contribution of our study, allowing the 

adjustment of the tasks to the infants developing ma nual skills, and to follow the landmarks in 

infants’ behavioral  and emotional  growth as set by many authors (e.g. Brazelton, 1992). However, 

the use of specific tasks for specific stages of development brings some limitations to long term 

comparisons, reducing the long term analysis that would be possible if the same task was to be 

repeatedly applied. 

Sample sizes among studies also varied greatly. Most of the studies that assessed lateral 

asymmetries in early development and happened to report most of the unstable, fluctuating, 

patterns also happened to use small population samples. Smaller samples are more amenable to 

tracking individual trajectories at very frequent intervals. Such frequent observations are also more 

prone at capturing fluctuating patterns of movement over time, but such intense and detailed 

approach is limited in its scope of capturing broader population trends (e.g. Corbetta & Thelen 

(1996, 1999). This is in contrast with most studies that investigated MP in the 2
nd 

half of the first 
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year. Those studies relied on larger population samples observed at more distant time intervals. 

Such larger samples observed over fewer and more distant times rely more on group averages to 

assess trends. As a result, they may absorb individual fluctuati ons and be more prone to reveal 

populations trends that appear more stable over time. The average effect and the discard of 

individual trajectories led to the conclusion that movement asymmetries emerge progressively, in a 

slow and continuous process that fits nicely in a smooth trend curve to the right side of the body.  

Such radically different approaches in sampling may reflect very different aspects of the 

development of lateral preference and may be at the origins of some of the discrepancies in findings 

reported between studies. Direct comparisons of developmental trajectories identified at the group 

or population versus at the individual levels have never been carried out in the literature, thus 

limiting our understanding of how individual developmenta l trends fit within and contribute to 

overall  population biases. In study 4, 19 infants were assessed over two years that allow group 

lateral biases during nine different development landmarks. Developmental change in MP were 

tracked at the individual level in order to compare individual trajectories to the overall  population 

level trend. The analysis of individual trajectories deserves more attention, and that the analysis of 

groups with particular development profiles may bring a deeper insight into the phenomenon of 

lateral emergence. 

Although behavioral observation and analysis of video recordings has  been the preferred 

method used by most studies — one that most effectively preserves the natural and ecological 

context of the infant – kinematic analysis  has also proved to be a reliable option in processing and 

analyzing data (Corbetta & Thelen, 1996, 1999; Lynch et al., 2008; Morange-Majoux et al., 2000; Piek 

et al., 2002; Rönnqvist & Domellöf, 2006). However, this approach also led to some disagreements in 

findings. Our data collection took into account external factors and all  the observations were 

performed in natural and familiar environment for the infant, preserving an ecological approach.  

The behavioral observation and posterior classification of the video recordings was 

performed by independent coders. It is important to involve two independent coders to guarantee a 

rigorous categorization protocol. From our experience, the effects of individual discrepancies are 

small but it cannot be neglected. As a solution for more ambiguous situations a third observer was 

asked to assure a final consensus and to improve the reliability scores. 

The lateral asymmetry quotient, the LAQ formula, was profusely used to calculate the 

direction and the strength of the lateral preference. This formula described by Carlson and Harris 

(1985), does not include bilateral movements. It was our option to include bilateral movements in 

order to have a more reliable way to capture lateral asymmetries, following the methods of Corbetta 

and Thelen (1999) and Fagard, Spelke, and Hofsten (2009). Because the LAQ is  a frequency measure 

that is bounded between +1 and -1 and does not meet the criterion of normal distribution, we assess 

the lateral preference within and across sections using non-parametric statistical tests.  
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To identify individual developmental trajectories, was also used cluster analysis (study 4). 

This analysis should be an option to get an overall  perspective of the progression of the development 

of lateral preference in a way that offers complementary information about individuals. To comp are 

individual trajectories to group trends is not new, and some recent studies have done so (Berger, 

Friedman, & Polis, 2011; Ferre et al., 2010) highlighting how individual trajectories do not always 

directly reflect general patterns observed at the group level.  

Some recent methodological considerations in lateral preference research have been 

addressed to the problem of (i) having monthly sampling intervals allowing to accurately capture the 

developmental changes in skills that occur during the infancy period (Ferre et al., 2010) and (ii) the 

importance of making behavioral observations at multiple time scales to understand underlying 

developmental trajectories (Berger et al., 2011). Our methodological challenge was to characterize 

the direction and consistency of lateral asymmetries, first monthly, and then every 3 months  from 

birth to 24 months of age, not only to cover a time span that is more extended than any time span 

covered by any prior longitudinal studies with infants, but also to focus on the years that seem to be 

the most critical in the formation of a lateral preference. Because over the first 2 years of life infants’ 

motor skills change rapidly, we modified the MP assessment tasks gradually in order to capture 

infants’ changing manual control progression as a function  of age, and create a continuum across our 

successive assessments that remain developmentally appropriate throughout the extended period of 

testing.  

Specifically, at birth, 1, and 3 months of age, when infants could not reach for objects, we 

analyzed infants’ self-generated head turning, arm and leg movements while in supine. At 6 and 9 

months, when infants had learned to perform object oriented behaviors, but still  displayed quite 

unstable and poorly controlled reaching behavior, we focused on infants’ free and less constraining 

manipulation tasks. At 12, 15, and 18 months, when infant goal -directed upper arm control had 

become more established and more stable, we analyzed reaching actions to assess MP. Finally, at 24 

months, because others have reported a more consistent MP, we relied on a  more standard 

questionnaire procedure. Despite all  the criticism that is usually associated with this technique we 

decided to include this information to provide extended observation of an important milestone – the 

beginning of the second year of life. Factors such as the familiarity of the parents with the topic of 

lateral preference, the prolonged contact between the researcher and the parents, and the nature of 

the questions to be answered , helped this data collection process . In our study we did a first contact 

to the parents to explain them the tasks they need to observe and then later, a second contact was 

done to collect the data. The parental report by telephone interview was used in other studies and 

has shown to be an effective way of collecting information (Carruth, Ziegler, Gordon, & Hendricks, 

2004; Langendonk, Beijsterveldt, Brouwer, Stroet, Hudziak, & Boomsma , 2007).  
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Lastly, the stability of lateral and MP was tracked within both the shorter and longer time 

spans, within tasks and as identical assessments are maintained during specific developmental 

periods, and, across tasks as assessments are changed gradually over the 2 years period. By doing so, 

we determined whether the development of MP is stable or undergoes significant changes over the 

2 first years of life, and we aimed to assess to which extent individual trajectories reflect the 

observed overall  group trend.  

These methodological considerations can be a reference for futures studies in lateral biases 

with longitudinal designs. 

 

6.3. Theoretical considerations 

In conclusion, and with our findings taken together, they are consistent with the 

interpretation that MP may form progressively over time as infant learn to us e their hands to solve 

tasks in an increasingly broader, complex and sophisticated contexts. This process may be one 

involving continuous reorganizations of the body and arm preferenc es as new skil ls are being 

progressively developed up to the point a stabilization of MP can be. As in many other 

developmental traits, the information provided at the population level can eventually hide the 

singularities that may be tracked at the individual level. Our data at the individual level reveal that 

the formation of hand preference in early development is not at all  a linear process, although it may 

appear as such at the group level. Thus, we are more inclined to consider these developmental 

fluctuations as an intrinsic process inherent to the formation of early MP than the product of our 

methodological options. We haven’t observed infants beyond the age of 24 months, but it is possible 

that fluctuations in MP continue to occur as other forms of behavior continue to develop in early and 

late childhood. However, by that time, a direction in hand preference may be more readily 

established, showing increasing stability. 

This findings, taken together, are consistent with the interpretation that lateral biases may 

form progressively over time as infant learn to use their ha nds to solve tasks of increasing 

complexity. As in many other developmental traits, the information provided at the population level 

hides the singularities that may be tracked at the individual level. As discussed in this chapter, more 

research is needed to support the present findings and the interpretation due from them.  

 

6.4. Future directions 

In this thesis we have gathered information and discussed the scientific evidence provided 

by many studies. However, one of the final conclusions of this research is that there is a need of 

further investigations to bring evidence to the understanding of the development of lateral biases in 

infancy. As previously discussed, the divergent results may depend on methodological options, on 
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the characteristics of the tasks under investigation, and on the characteristics of the samples. 

Following our results and the literature that was analyzed, some questions were raised about lateral 

asymmetries research that might represent interesting topics for further investigation.  

Studies with longitudinal designs are stil l  rare and provide a touchstone in this subject. 

Different options are available to the researchers, namely the aspects of observation frequency, lag 

between observations, and task adjustment to developmental trends. It will  be essential to follow 

changes in lateral preference over extended time spans, and to account for the rapidly changing 

manual skills of infants by choosing tasks under investigation as a function of their age and growing 

motor skills. A deeper analysis of changes over time at the individual level, anchored in child-specific 

developmental trends, as an integrated approach to the understanding of human development, it 

also a major goal for future studies. 

Our study was mostly focused on manual lateral preference, but we suggest that future 

studies should also rely on foot lateral asymmetries. It is a less investigated subject that should be 

addressed during early infancy and infancy. Moreover, the nature of the relationship between upper 

and lower limb asymmetries should be investigated and discussed in the scope of a developmental 

approach.  

In the longitudinal study from birth to 24 months (study 4), nine moments of observation 

were analyzed. Our recommendations to further longitudinal designs suggest investigating additional 

longitudinal stages, with multiple trials, to do it using shorter intervals and involving different tasks 

in order to find developmental reorganization that will  facilitate the capture of periods of stable 

lateral biases that may predict later MP. When coding the video recordings, the number or 

movements and also the duration of movements should be taken in consideration. The development 

of experimental setups that incorporate kinematic detailed analysis in a longitudinal approach is a 

challenging project that we believe may bring light to the problem of pattern formation.  

In chapter 5, we characterized manual asymmetries in a manipulating book task. Further 

investigations could explore different unimanual and bimanual patterns in functional tasks bringing 

more evidence about how the combined actions of the hands may differ in the performing tasks . It is 

important also to understand the weight of the influence of environmental factors, such as the size, 

the type, and the placement of the objects.  

The development of complex coordination behavior between hands that perform 

complementary tasks clearly needs more investigation. This approach contrasts with the traditional 

research tendency to investigate one single hand tasks or the performance differences in unimanual 

tasks when performed by preferred and non-preferred hands. In our opinion, the investigation of 

tasks involving two hands will help to clarify the formation of highly coordinated synergies during 

infancy and childhood. 
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The literature is not consensual about the stabilization of lateral biases and manual 

preferenc e during early months and infancy, and future studies addressed to this matter may 

contribute to better understand this phenomena. Methodological proceedings should be carefully 

selected and performed to reduce inconsistent data interpretation.  

Finally, larges samples in a children setting requires a relationship of trust with the infants 

and their families. So, human and material resources should also be carefully selected providing a 

familiar, natural  and pleasant environment for families and children. We are aware of the limitations 

that this recommendation may cause in what concerns detailed analytical research (e.g. kinematic 

approaches).  

One last word appealing to the necessity of a theoretical effort. In fact, it is surprising that a 

theoretical framework that can accommodate experimental results in a developmental perspective 

is far from being consensual. It is our duty to move forward in this direction, in order to set and to 

broaden the boundaries of that theoretical dimension. 
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