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ABSTRACT 

Motor development in infancy may be influenced by infant gestational age and birth 

weight.  Infants born earlier than 37 weeks gestational age are preterm and are at risk 

of motor delay.  Not all preterm infants are at equal risk.  Earlier gestations, low birth 

weight and conditions affecting the neurological and musculoskeletal systems confer 

higher risks.  Some preterm infants do not have neurological or musculoskeletal 

sequelae as a consequence of their early gestation and are considered to be low risk.  

One other risk factor that may increase the risk of motor delay in term and preterm 

infants is birth weight that is less than the 10
th
 percentile for gestational age. 

Infants learn motor skills through practice with some infants practicing with greater 

frequency and intensity.  The differences in practice may be related to factors such as 

premature birth or infant temperament.  The aim of this thesis was to investigate the 

role of motor practice in the acquisition of motor skills in term and preterm infants 

and to determine whether infant temperament influenced the relationship between 

practice and motor skills. A cross sectional study was conducted which allowed four 

major analyses. 

The first study examined gross and fine motor skills of term (n = 93) and low-risk, 

healthy preterm (n = 87) infants between three and 12 months corrected age.  The 

preterm infants had similar gross and fine motor skills compared with the term 

infants, but male infants (p < .001) and infants born small for gestational age (p < 

.05) had lower fine motor scores.  

The second study examined infant temperament in the term and preterm infants.  

Gestational age did not affect temperament characteristics with both groups being 

described similarly by their mothers.   

Study three measured infant motor practice over 24 hours using a daily routines diary 

and accelerometer.  This study generated a number of novel findings.  Duration of 

care over 24 hours decreased with age (p < .001), play duration increased with age (p 

< .001) and sleep duration decreased with age (p < .05).  The amount of assistance 

required for care and play activities decreased with age (p < .001 for both activities).  

Infants who were small for gestational age had lower awake activity counts 

compared with infants who were appropriate for gestational age (p < .01).   

The final study combined data from the term and preterm infants and proposed a 

mediational model to test the presence of a direct effect between temperament and an 

indirect effect through practice on motor skills.  Two novel outcomes were that 
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infants with high surgency/extraversion practiced more intensely (p < .001), and 

infants who practiced more intensely had better gross motor skills (p < .01).  

However, there was no correlation between infant temperament and gross motor 

skills. 

Cumulatively, the evidence from these four studies showed that early gestation alone 

in healthy low-risk preterm infants was not a risk factor for motor delay, but being 

small for gestational age increased the risk of fine motor delay and was associated 

with less intensity of practice.  The thesis confirms that intensity of motor practice 

impacts infant gross motor skill acquisition and that infant temperament may impact 

this relationship.  

  



v 
 

Acknowledgements 

 

“Magic is believing in yourself, if you can do that, you can make anything 
happen.”  Johann Wolfgang von Goethe 
 

This thesis would not have been possible without the support from a number of 

people. 

 

Firstly, I would like to thank my two supervisors: Emeritus Professor Jan Piek for 

sharing her research experience and knowledge of infant development.  Your 

guidance has been invaluable.  Thank you for allowing me to explore this rich field 

of knowledge.  Dr Jenny Downs, thank you for your enthusiasm, your collegial 

support and attention to detail.  You have taught me to not settle for second best.   

 

Dr Robert Kane, a master statistician, who didn’t make me feel ignorant when I had 

no idea what you were talking about.  

 

My paediatric physiotherapy colleagues: Helen, Rose, Bev, Kim and Jenni.  Thanks 

for keeping me on track and in touch when I needed you.   

 

To the mothers and children who participated – thank you for giving up your time 

and for being enthusiastic about the study.  I look forward to watching your children 

grow.   

 

Heather, David and Gail – thanks for your advice and feedback and for listening.  

 

And lastly, my boys.  I am blessed to have three lovely men in my life.  Michael, I 

am so grateful that I have you around.  Your tolerance and patience are my bedrock.  

Thank you for letting me follow my dream – I promise this is the last big one.  

Matthew, you’ve grown up with a researcher mother and I hope it will spark your 

intellectual curiosity.  Tristan, my research assistant – I hope this encourages you to 

enjoy research one day.   



vi 
 

List of Conference Presentations 

Poster presentations 

Jensen L.M., Piek J.P. and Downs J. (2011). Measuring infant daily activity using 

accelerometry and parent report diary – a preliminary report.  10
th
 Motor Control and 

Human Skill Conference, Mandurah, Western Australia. 

 

Jensen L.M., Piek J.P. and Downs J. (2013). Temperament and activity levels in term 

and preterm infants. International Conference on Infant Studies, Berlin, Germany. 

and at 

Mark Liveris Seminar, Faculty of Health Science Research Seminar, Curtin 

University, Perth, Australia. Awarded best poster 2014. 

 

Oral presentations 

Jensen L.M., Piek J.P. and Downs J. (2013). Measurement of term and preterm infant 

activity using accelerometry.  Australian Physiotherapy Association Congress, 

Brisbane, Australia.  

 

Jensen L.M., Piek J.P. and Downs J. (2013). Quantifying daily activities of term 

infants.  Australian Physiotherapy Association Congress, Brisbane, Australia.  

 

Jensen L.M., Piek J.P. and Downs J. (2015). Male infants and infants born small for 

gestational age are at risk of fine motor delay in infancy.  World Confederation of 

Physical Therapy Conference, Singapore. 

 

Jensen L.M., Piek J.P. and Downs J. (2015). Infants who are more active when 

awake have better gross motor development.  World Confederation of Physical 

Therapy Conference, Singapore. 

 

 

 

 

 

 



vii 
 

Table of Contents 

Declaration ii 

Abstract  iii 

Acknowledgments v 

List of Conference Presentations vi 

Table of Contents vii 

List of Abbreviations xiii 

List of Tables xiv 

List of Figures xvii 

Chapter 1 

1.0 Introduction 

1 

Chapter 2  

2.0 Literature Review 

4 

2.0 Introduction 4 

2.1 Theories of motor development 5 

     2.1.1 Neuromaturational model 5 

     2.1.2 Dynamic systems theory 7 

2.2 Preterm birth 11 

     2.2.1 Effects of preterm birth on infant body structures 12 

     2.2.2 Consequences of preterm birth 14 

     2.2.3 Motor development in preterm infants 16 

        2.2.3.1 Gross motor development in preterm infants 17 

        2.2.3.2 Fine motor development in preterm infants 20 

     2.2.4 Intervention for motor delay in preterm infants 26 

2.3 Motor practice in infancy 29 

     2.3.1 Structured motor practice  30 

     2.3.2 Unstructured motor practice 32 

     2.3.3 Benefits of motor practice 36 

2.4 Infant temperament 37 

     2.4.1 Temperament and motor development 39 

     2.4.2 Preterm infant temperament 40 

2.5 Summary 42 

  



viii 
 

Chapter 3  

3.0 Rationale and Aims 

43 

3.1 Summary of the literature and rationale 43 

3.2 Study aim 48 

3.3 Study 1 – The effects of chronological and corrected ages, infant sex 

and birth weight for gestational age on term and preterm infants’ motor 

skills 

48 

3.4 Study 2 – Temperament in term and preterm infants 49 

3.5 Study 3 – The Measurement of Motor Practice in Infancy 50 

3.6 Study 4 – The Effects of Infant Temperament and Practice on Term and 

Preterm Infants’ Motor Skills 

53 

3.7 Significance of the study 54 

Chapter 4  

4.0 Methodology 

55  

4.1 Introduction 55 

4.2 Recruitment of participants 55 

     4.2.1 Inclusion criteria 57 

     4.2.2 Exclusion criteria 57 

     4.2.3 Withdrawal criteria 58 

4.3 Description of the participants 58 

     4.3.1 Comparison between term and preterm infants 59 

     4.3.2 Description of preterm infants 64 

     4.3.3 Description based on birth weight for gestational age 64 

     4.3.4 Assisted ventilation requirements 68 

4.4 Materials 70 

     4.4.1 Peabody Developmental Motor Scales, Version 2 70 

        4.4.1.1 Structure and scores 70 

        4.4.1.2 Psychometric properties 71 

     4.4.2 Alberta Infant Motor Scale 73 

        4.4.2.1 Structure and scores 73 

        4.4.2.2 Psychometric properties 74 

     4.4.3 Daily Activities of Infants Scale 77 

        4.4.3.1 Structure and scoring 77 



ix 
 

        4.4.3.2 Psychometric properties 78 

     4.4.4 Activity monitor 78 

     4.4.5 Infant Behavior Questionnaire – Revised 80 

        4.4.5.1. Structure and scores  80 

        4.4.5.2 Psychometric properties 81 

4.5 Procedure 83 

4.6 Ethical issues 84 

Chapter 5   

Study 1 The effects of chronological and corrected age, sex and birth 

weight for gestational age on term and preterm infants’ motor skills 

86 

5.1 Introduction 86 

5.2 Hypotheses 87 

5.3 Data analysis 87 

     5.3.1 Sample size 87 

     5.3.2 Measures 88 

     5.3.3 Assumption testing 88 

5.4 Results 89 

     5.4.1 Assumption testing 89 

     5.4.2 Agreement between PDMS2 and AIMS 90 

     5.4.3 Chronological age 92 

     5.4.4 Corrected age 92 

     5.4.5 Birth weight for gestational age 95 

     5.4.6 Correlations 97 

     5.4.7 Main effects  97 

5.5 Discussion 100 

     5.5.1 Effects of chronological and corrected ages on motor scores 100 

     5.5.2 Sex differences 107 

     5.5.3 Small for gestational age 110 

     5.5.4 Congruency between measures 111 

     5.5.5 Summary 111 

Chapter 6  

Study 2 Temperament in term and preterm infants  

113 

6.1 Introduction 113 



x 
 

6.2 Hypotheses 115 

6.3 Data analysis 115 

     6.3.1 Sample size 115 

     6.3.2 Measures 116 

     6.3.3 Assumption testing 116 

6.4 Results 117 

     6.4.1 Australian infants’ temperament  117 

     6.4.2 Relationship between infant characteristics and infant temperament 123 

6.5 Discussion 125 

     6.5.1 Australian infants have similar temperament profiles as US infants 125 

     6.5.2 Infant temperament profiles are independent of GA, sex and birth 

weight for gestational age 

126 

     6.5.3 Summary 129 

Chapter 7  

Study 3 The measurement of motor practice in infancy 

130 

7.1 Introduction 130 

7.2 Data management 131 

     7.2.1 Daily Activities of Infants Scale  131 

     7.2.2 Accelerometry 132 

7.3 Hypotheses 133 

7.4 Data analysis 133 

7.5 Results  135 

     7.5.1 Comparison between retained and omitted infants 135 

     7.5.2 Duration of daily activities 136 

     7.5.3 Support required for daily activities 139 

     7.5.4 Verification of DAIS and accelerometer 141 

     7.5.5 Intensity of activity 144 

7.6 Discussion 149 

     7.6.1 Characteristics of infant practice 149 

     7.6.2 Infants small for gestational age engage in less intense activity 153 

     7.6.4 Summary 154 

 

 

 

 



xi 
 

Chapter 8  

Study 4 The effects of infant temperament and motor practice on term 

and preterm infants’ motor skills 

156 

8.1 Introduction 156 

8.2 Data management 158 

     8.2.1 Sample size 158 

     8.2.2 Hypotheses 158 

8.3 Data analysis 159 

8.4 Results 159 

     8.4.1 Relationship between infant temperament and motor practice 159 

     8.4.2 Relationship between infant motor practice and motor skills 163 

     8.4.3 Relationship between infant temperament, motor practice and 

gross motor skills 

166 

8.5 Discussion 166 

     8.5.1 Intensity of practice promotes gross motor skills 166 

     8.5.2 Infants with a high surgency/extraversion temperament engage in 

more practice but there is no relationship with gross motor skills 

168 

     8.5.3 Summary 171 

Chapter 9 

Final Discussion 

172 

9.1 Introduction 172 

9.2 Preterm infants’ motor skills, temperament and motor practice were 

similar to term infants 

172 

9.3 Infants who are small for gestational age require close monitoring 175 

9.4 Intense motor practice is important for learning gross motor skills 176 

9.5 Strengths 177 

9.6 Limitations 178 

9.7 Clinical implications and future directions 180 

9.8 Conclusion 181 

References 182 

Appendices 216 

       Appendix 1: Curtin University Human Research Ethics Committee 

approval 

216 



xii 
 

       Appendix 2: Child and Adolescent Community Health approval 217 

       Appendix 3: Parent Information Sheet 218 

       Appendix 4: Women and Newborn Health Service Ethics approval 220 

       Appendix 5: Demographic Information Sheet 223 

       Appendix 6: Actical® accelerometer and placement on infant 226 

       Appendix 7: Histograms of assumption testing 227 

       Appendix 8: Consent form 229 

       Appendix 9: Comparisons based on chronological age 230 

  



xiii 
 

List of abbreviations 

 

AIMS Alberta Infant Motor Scale 

AGA Appropriate for gestational age 

BW Birth weight 

BWGA  Birth weight for gestational age 

CA Corrected age 

DAIS Daily Activities of Infants Scale 

ELBW Extremely low birth weight 

EPT Extremely preterm 

FM Fine motor 

FMQ Fine motor quotient 

GA Gestational age 

GM Gross motor 

GMQ Gross motor quotient 

IBQR Infant Behaviour Questionnaire – Revised 

LBW Low birth weight 

M Mean 

NA Negative affectivity 

OR Orienting / regulation 

PDMS2 Peabody Developmental Motor Scales, Version 2 

SD Standard deviation 

SE Surgency / extraversion 

SGA Small for gestational age 

VLBW Very low birth weight 

VPT Very preterm 

 

  



xiv 
 

List of Tables 

 

Table 2.1 A summary of the studies of motor outcomes in preterm infants. 21 

Table 4.1 Distribution of term, preterm and total infants per month of age 

(chronological for term and corrected for preterm). 

58 

Table 4.2 Characteristics of the term and preterm infants. 61 

Table 4.3 Maternal and paternal characteristics for the term and preterm 

infants. 

62 

Table 4.4 Distribution of gestational age and birth weight categories for the 

preterm infants. 

66 

Table 4.5 Distribution of birth weight by birth weight for gestational age 

categories for the preterm and term infants. 

67 

Table 4.6 Ventilation requirements of preterm infants stratified by 

gestational age and sex. 

69 

Table 5.1 Number of infants who were delayed or not delayed at 

chronological age based on gross motor quotient and percentile-by-age rank 

values.   

91 

Table 5.2 Number of term and preterm infants who were delayed or not 

delayed at corrected age based on gross motor quotient and percentile-by-

age rank values. 

91 

Table 5.3 PDMS2 mean (SD) gross, fine and total motor quotients and 

mean (SD) AIMS percentiles for term and preterm infants at chronological 

and corrected ages.  

93 

Table 5.4 Number (percentage) of term and preterm infants who were 

delayed for chronological and corrected ages. 

94 

Table 5.5 PDMS2 mean (SD) gross and fine motor quotients and mean 

(SD) AIMS percentiles for infants born small- and appropriate-for-

gestational age. 

96 

Table 5.6 Correlations between gestational age, sex and birth weight for 

gestational age with gross and fine motor quotients at chronological and 

corrected ages. 

97 

Table 5.7 Multiple regression analyses predicting gross motor quotients 

and fine motor quotients for chronological and corrected ages from 

gestational age, sex and birth weight for gestational age. 

99 



xv 
 

Table 6.1 Mean (SD) temperament trait and factor scores of the term and 

preterm infants.  

120 

Table 6.2 Comparisons of the mean (SD) traits scores of the Australian 

infants with US, Russian and Polish infants. 

122 

Table 6.3 Correlations between infant characteristics with infant 

temperament. 

123 

Table 7.1 Comparisons between infant and maternal characteristics for 

infants whose DAIS was retained and those omitted.  

136 

Table 7.2 Mean (SD) duration of routine daily activities for male and 

female term and preterm infants over a 24 hour period. 

137 

Table 7.3 Correlations between corrected age, gestational age, birth weight 

for gestational age with duration of care, play and sleep. 

138 

Table 7.4 Linear regression analyses predicting total care duration, total 

play duration and total sleep duration from the main effect of corrected age. 

139 

Table 7.5 Mean (SD) scores for routine daily activities for male and female 

term and preterm infants over a 24 hour period. 

140 

Table 7.6 Correlations between corrected age, gestational age, birth weight 

for gestational age with support required for care and play. 

141 

Table 7.7 Linear regression analyses predicting total care score and total 

play score from the main effect of corrected age. 

141 

Table 7.8 Mean (SD) counts for care, play, awake and sleep activity 

quantity for term and preterm infants. 

146 

Table 7.9 Correlations between corrected age, gestational age, sex and birth 

weight for gestational age with counts for care, play, awake and sleep. 

146 

Table 7.10 Linear regression models predicting total care, play, awake and 

sleep counts from the main effects of corrected age and birth weight for 

gestational age. 

148 

Table 8.1 Correlations between infant characteristics, infant temperament 

factors and awake activity counts. 

159 

Table 8.2 Multiple linear regression analysis predicting practice from 

surgency/extraversion controlling for infant corrected age and birth weight 

for gestational age. 

161 

  



xvi 
 

Table 8.3 Correlations between gestational age, sex, birth weight for 

gestational age and awake activity counts with age standardised gross and 

fine motor quotients and the AIMS percentiles. 

163 

Table 8.4 Hierarchical linear regression models predicting gross and fine 

motor quotients and AIMS percentiles for corrected ages from the main 

effects of infant characteristics and awake activity counts. 

165 

Table 8.5 Correlations between surgency/extraversion, awake counts, gross 

motor quotient, infant sex and birth weight for gestational age. 

166 

 

  



xvii 
 

List of Figures 

Figure 3.1 Conceptual model and path diagram showing relationships 

between temperament, practice and motor skills, controlling for infant 

gestational age, sex and birth weight for gestational age. 

53 

Figure 6.1 Relationship between corrected age and the 

Surgency/extraversion factor. 

124 

Figure 6.2 Relationship between corrected age and the Orienting/regulation 

factor. 

124 

Figure 6.3 Relationship between infant sex and the Negative affectivity 

factor. 

125 

Figure 7.1 Percentage of infants who were awake during each 15 minutes 

epoch in the 24 hour period. 

142 

Figure 7.2 Mean accelerometer counts every 15 minutes over the 24 hour 

period. 

143 

Figure 7.3 Comparison between percentage of infants who were awake 

with mean activity counts every 15 minutes over the 24 hour period. 

144 

Figure 8.1 Conceptual model and path diagram showing relationships 

between infant temperament, motor practice and gross motor skills, 

controlling for infant gestational age, sex and birth weight for gestational 

age. 

158 

Figure 8.2 Box plots showing difference in activity counts between 

appropriate and small for gestational age infants (A) and the scatterplot 

showing the relationship between activity counts and surgency/extraversion 

score (B). 

162 

 




















































































































































































































































































































































































































































































