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Abstract 

This dissertation aims to contribute to the field of early child literacy education by 

investigating the nature of children’s fine motor development. New research suggests that 

mechanisms involved in fine motor skills play an important role in reading and writing 

development (Cadoret, 2018; Oberer et al., 2017). Two studies are included in the dissertation. 

Extending past work that focused on fine motor skills measured in adolescence, study one followed 

children from Kindergarten 2 (average age of 63.15 months) to Primary 1 (average of 80.85 

months) and examined the association of different fine motor skills with reading, following the 

few studies in this area that suggest visual-spatial integration tasks (e.g. copying) are most closely 

related to reading performance (Carlson et al., 2013; Suggate et al., 2019). Study two builds on the 

findings of a positive contribution of fine motor skills to literacy from study one, extending the 

focus to identifying the specific fine motor skills driving this relationship. In particular, study two 

examines possible links between copying skills, other under researched aspects of fine motor skills 

such as grapho-motor (e.g. letter copying) and visuo-motor coordination (e.g. tracing or inserting 

pegs) and reading and spelling. 

Study one includes a new analysis of secondary data from a large sample of K2 

Singaporean children assessed longitudinally to P1 for literacy skills such as reading and spelling. 

Amongst the overall battery of tasks, information on 850 children’s non-verbal intelligence, 

working memory, inhibitory control and visual-spatial integration skills collected at K2 (Mage = 

63.15 months, SD = 3.89) were included in the analysis. Also entered into the analysis were 

outcome measures collected from a final wave of data collection at the beginning of P1 (Mage = 

80.85 months, SD = 3.79), including English language reading and spelling measures. The second 

study involves primary data collected concurrently for two groups of children at two grade levels. 
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Study two follows a cross-sectional design with a sample of 45 children attending Nursery 2 (N2) 

and Kindergarten 2 (K2). Both reading and spelling were assessed as the dependent variables, and 

visuo-motor coordination plus grapho-motor skills were assessed as the independent, predictor 

variables. Vocabulary and phonological memory were weighed in as covariates. 

The major outcomes of the dissertation suggest: 1) After controlling for age, maternal 

education, non-verbal intelligence, verbal memory, and inhibitory control, visual-spatial 

integration explained significant additional variance in reading (6%) and in spelling (2%) 

performance. 2) Among visual-spatial integration sub-skills, letter copying was found to be the 

most important factor that influenced reading and spelling development in Primary 1 children. 3) 

Letter copying skills had a stronger positive relationship with children’s spelling development than 

inserting pegs. Since most six-year-olds can post coins, thread beads and trace relatively well, 

there was a ceiling effect on the visuo-motor coordination measure for this age group. These 

findings have important implications for education, particularly, with respect to the role fine motor 

processes play in early literacy development in the context of Singapore, where there is less 

emphasis on non-academic skills even at an early age. Knowing the association of visual-spatial 

integration, grapho-motor and visuo-motor coordination skills with the two literacy domains 

suggests potential avenues for improving future pedagogies for early literacy skills. 
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  Chapter 1: Introduction 

Picture this commonplace scene in a preschool classroom: A four-year-old sits down in a 

chair and learns how to copy letters and/or shapes. To successfully reproduce a letter or shape, the 

child must firstly focus on the object and task at hand, requiring sustained attention and inhibitory 

control. As a next step, short-term memory is involved where the child must produce the motor 

output of writing letters or a series of letters in the right order. Similarly, when learning to read, 

the child will need to rely on visual tracking skills as he/she scans the print on the page with a 

series of saccadic eye movements. The child also must visually process each letter and retrieve the 

corresponding sounds and then blend and reproduce the whole word (for alphabetic languages). 

This process of decoding is dependent on the integration of the visual and spatial domains (Suggate 

et al., 2018). This outline of the mechanics involved in copying letters or figures and reading print 

offers a window into this process and serves as a starting point in the current investigation of the 

close relationship between fine motor development with that of reading and spelling skills. The 

investigation in this dissertation explores why fine motor performance is found to be a unique 

contributor to literacy abilities (Lillard, 2005; Marr et al., 2003). 

Background of the Study 

A major milestone in every child’s life is an effective transition from preschool to primary 

school. While most children make a successful transition easily, others struggle in trying to adjust 

to their new school environment. Putting this into a perspective, researchers over the years have 

identified “school-readiness factors” – attributes that may predict later school achievement in 

preschool children. Traditionally, school readiness research has focused on domain-specific 

precursors for reading and writing such as phonology, orthography and morphology. In recent 

years, there is an emerging body of behavioural research to suggest that reading and writing 
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processes may involve domain-general skills such as fine motor and gross motor skills (Carlson, 

et al., 2013; Suggate et al., 2016, 2018 & 2019). Hence, along with the development of their 

language skills, children also develop and refine a whole set of fine motor skills that contributes 

considerably to the prediction of later school achievement and adjustment (Cameron et al., 2012, 

Schmidt et al., 2017).   

Fine motor skills development has been found to contribute to a wide array of young 

children’s self-care, self-regulation, and other adaptive behaviors. For example, children with 

greater motor dexterity were better adapted emotionally when transitioning from kindergarten to 

primary school (Bart et al., 2007; Pagani et al., 2010). Preschoolers spend a good proportion of 

their school time working on fine motor activities such as drawing, colouring, cutting out and 

copying shapes and manipulating small objects. Kindergarten teachers have reported that children 

with better pencil grip show quality handwriting skills and are able to manage their day-to-day 

activities such as feeding, tying shoelaces and dressing themselves in a more effective manner 

(McClelland & Cameron, 2019). By primary school, an estimated 30 to 60 percent of a child’s 

activities in a typical school day involves fine motor activities, and of these, writing tasks 

predominate over other tasks (McHale & Cermak, 1992).   

Specific fine motor skills accrue over time. Children should master by the age of two 

certain fine-motor skills that support grasping small objects, building with blocks, and scribbling. 

The synchronization of muscles underlying these activities is crucial for the development of later, 

more sophisticated manipulative movements such as writing, cutting, drawing, or dressing up and 

feeding oneself (Bruininks & Bruininks, 2005). Importantly, fine motor skills may be further 

delineated into tasks involving visuomotor control (VMC - e.g., tracing, finger tapping, pegboard 

completion), and tasks that integrate motor with spatial abilities (visuospatial integration, VSI - 
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e.g., copying a geometric shape or letters) (Carlson et al., 2013), plus graphomotor, or even 

handwriting (Bart et al., 2007). Components of fine motor skills – visuomotor control, visual 

spatial integration and graphomotor skill - and their relation to literacy are elaborated upon in the 

next chapter. 

Overview of the Project 

To the best of the author’s knowledge, there is no published research focusing on the fine 

motor development to early literacy pathways for young Singaporean children in preschool or 

early primary school. While it is acknowledged that both gross and fine motor skills have been 

linked to general academic outcomes (McClelland & Cameron, 2019), this Master’s project 

includes two studies that will exclusively evaluate and examine the role of fine motor processes 

for the literacy skills of reading and spelling. The overall purpose of this Master’s project is to 

explore the mechanisms through which fine motor skills are associated with early reading and 

spelling in English in young children (between ages four to seven years).  

Preceding studies in literature demonstrate significant predictions between visual-spatial 

processes and literacy outcomes measures for both reading and spelling, hence, underlining the 

importance of fine motor skills for literacy growth in the early years. In line with literature, study 

one explicitly discusses the interacting relationship between visual-spatial interaction experiences 

and literacy outcomes and aims to confirm a significant relationship as that found abroad (see 

Figure 2). Study one examines whether a direct link of fine-motor to literacy skills is specific to 

visual spatial integration, while controlling for cognitive skills, and whether such a link is stronger 

for spelling than reading.  The ensuing goal of study two is to examine the relative contributions 

of specific grapho-motor versus general visuo-spatial integration skills to both early reading and 

spelling outcomes using multiple fine motor measures and hierarchical regression analyses.  
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This dissertation aims to address the gaps in research investigating links between fine 

motor and early literacy skills such as reading and spelling in English in preschoolers. The 

generalizability of findings across a different cultural and educational context was considered, as 

this study took place in the Southeast Asian context of Singapore where children are taught 

multiple scripts simultaneously. It was of interest to investigate if fine motor skills play a different 

role in this case. Notably, there is a classroom emphasis on more academic skills in this context, 

with non-academic skills (such as drawing, coloring, dramatic play or playing with blocks) given 

limited class time during the school day (Bautista et al., 2019). Specifically, this dissertation 

endeavors to test the predictive hypothesis linking fine motor experiences and reading and spelling 

skills in a new context with bilingual children to address its generalizability. 

The next chapter, chapter 2, is a literature review of what is known about different fine 

motor abilities in relation to reading and spelling to date. Then, study one is presented in chapter 

3 introducing a new analysis of secondary data from a large sample of K2 Singaporean children 

assessed longitudinally to P1 for literacy skills of reading and spelling. The main goal of study one 

is to validate the fine motor-literacy link empirically with a critical examination of the association 

between the different types of fine motor experiences and early literacy skills while controlling for 

significant correlates. In chapter 4, study two is introduced and is built on the findings from study 

one, extending and examining the fine motor-literacy link in more detail. The aim of both studies 

is that the theoretical and practical significance of the relationship between the variables studied 

can be better understood. Finally, the significance, limitations and future directions arising from 

the two studies are discussed in chapter 5. 
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The following research questions frame and address the research aims of the two studies 

included in this dissertation. Statistical analyses on the collected data will address these questions 

and provide new knowledge that can inform future pedagogies for literacy skills. 

Chapter 3 study one: Defining the Relationship between Visual-Spatial Integration and Reading 

and Spelling 

1. To what extent do visual-spatial integration skills in Kindergarten Two (K2) predict 

reading scores in Primary One (P1) after controlling for cognitive variables? 

2. To what extent do visual-spatial integration skills in K2 predict spelling scores in P1 after 

controlling for cognitive variables? 

Chapter 4 study two: Analyzing the Visuo-Motor Coordination Pathway to Early Reading and 

Spelling via Visual-Spatial Integration Skills 

3. Is visual-spatial integration a significantly stronger predictor of reading and spelling skills 

than visuo-motor coordination?  

4. Does visuo-motor coordination have a direct or an indirect effect on reading and spelling? 

Chapter 2: Literature Review 

Early childhood is an essential time for children to develop gross and fine motor skills, as 

highlighted during Piaget’s sensorimotor period of child development (Piaget & Inhelder, 1956). 

Recent advances in brain research clearly illustrate the importance of these years, as we see 

overlapping recruitment of cognitive, fine motor and attention skills towards higher-order 

cognitive functions (Marsh et al., 2008). The brain structures underlying these skills are under 

continual construction after birth. Indeed, the early years are a critical period as neural pathways 

develop through the process of myelination. Myelin – a fatty, insulating substance – covers nerve 
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axons and speeds the transmission of neural pathways (Marsh et al., 2008). Importantly, without 

opportunities during infancy and early childhood to interact in a rich sensory environment, sensory 

pathways in the brain may not develop properly and the capacity to use motor skills may remain 

underdeveloped (Marsh et al., 2008). It is through physically moving, playing and interacting with 

the environment that growth of dendrites and synapses is maximized and honed.  

In this digital age, where outdoor play and active games have been replaced with screens 

and apps that only require tapping and swiping, developmentalists and pediatricians are concerned 

with the effects of diminished active play. While motor development is included as one of the 

foundational skills targeted by early childhood education programs (Gonzalez et al., 2019), more 

recent evidence suggests a more widespread impact with its contribution to other developing skills 

such as reading and spelling. In this chapter, the phases of fine motor development are first 

presented (Mink, 2010), followed by a literature review of different components of fine motor 

skills and how these are assessed. Finally, a review is presented on findings about the relationship 

of these fine motor skills to higher-order cognitive functions, in particular early reading and 

spelling skills. 

Developmental Characteristics of Children’s Fine Motor Skills 

Patterns of motor development progress from large muscle control (e.g., trunk) to small 

muscle control (e.g., hands or fingers). Hence, learning to jump, throw, bounce or catch a ball 

precedes drawing or copying shapes.  As soon as a child becomes mobile and is able to sit upright 

independently, fine motor development proceeds. As outlined in Figure 1, children progress 

through several stages of fine motor development, in which specific skills are acquired in a 

cumulative fashion. Presented next is a brief description of each stage. In the following sections, 

the importance of accumulating skills in fine motor development over the early years is 
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highlighted. Within each stage, the acquired skill deemed relevant to eventual literacy 

development is emphasized. These sections are intended to provide the background to the 

developmental skills relevant to the current thesis and suggest areas of further study that may draw 

on predecessors to the correlated motor-literacy skill – which may have important implications for 

early childhood care and education (e.g., the types of activities that are key for fine motor 

development, and how these may need to be preserved in a current digital device-rich 

environment). 

Palmer Grasp (zero to six months) 

 As shown in Figure 1, palmer grasp is referred to as the earliest fine motor developmental 

feature seen in infants (Mink, 2010). As soon as babies are born, they do not have any inherent 

controlled use of their hands. Movement at the early stage is mostly dominated by a grasp reflect 

as seen in instances when babies react to touch and other environmental stimuli by opening and 

closing their hands. As babies turn four months of age, they become more aware of their physical 

body and start exploring their own hands and feet by turning, touching and looking at them.  With 

time, babies start to bring their hands together and at the same time learn to grasp and release 

objects voluntarily. As babies continue to improve their reach and palmer grasp, this sets the scene 

for the next developmental milestone of pincer grasp, which is necessary for pencil grip and overall 

fine motor development. 

Object Transference (six months to one years old) 

In the next six months, the palmer grasp progresses precipitously to allow for development 

of the pincer grip where babies learn to use the tips of their fingers to pick up objects (Figure 1). 

One way to test is to ask the baby to try to pick up small pieces of objects or food such as raisins 

with their thumb and pointer finger and bring the food item to their mouths.  
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With constant practice and continuous exploration, babies become skilled enough to use 

their hands and fingers with better precision. As the child turns nine months of age, he or she can 

pick up things by using the tips of the thumb and the first two fingers (i.e., radial digital grasp). As 

seen in Rowe and Wilson (2015) study, when the primitive grasp from the previous stage lingers, 

it has a lingering effect on a child’s fine motor skills development. It may lead to poor pencil grip, 

gripping the pencil too hard, poor handwriting or grappling with directionality, resulting in 

backward letter writing. Inability to progress from primitive palmar reflex may hinder both 

dexterity and manipulatory actions (Rowe & Wilson, 2015). Handwriting may also be influenced 

if the child is unable to form a proper pencil grip.   

Scribbles/ Drawing (one to two years old) 

Between 12 months and 18 months of age, drawing involves mindful planning and hand 

movement control. Scribbles are the seeds to children’s pre-writing skills. As early as their first 

birthday, children start to make scribbles. Their scribbles may look a great deal like clumsy loops 

or squiggly lines with no semblance to letters or shapes. Scholars have reported that children 

predominantly make two types of scribbles: purposeless or wavy scribbles. Purposeless scribbles 

refer to those drawn without direction, while wavy scribbles are made up of curvy lines. 

Purposeless scribbles require no hand-eye nimbleness or attention (Luria, 1978). In contrast, wavy 

scribbles imply that children have noted letters and prints and try to imitate adult’s writing 

behavior.  

Object Building (one to two years old) and Object Manipulation Stage One (two to three years 

old) 

Around their second birthday, children would have mastered manipulative movements of 

reaching, grasping and releasing objects (Mink, 2010). At this stage, fine motor experiences 
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become more intrinsically related with cognitive skills as children become more aware about what 

he or she likes to do and what he or she needs to do to accomplish it. As children continue to refine 

their voluntary release, they get better at stacking and building with blocks. Children can also be 

observed picking up a crayon, marker or pen to scribble spontaneously or using a spoon to feed 

oneself. Subsequently, improving their in-hand manipulation skills would enable children to thread 

large beads and possibly unbutton clothes (Graves, 2004). 

Object Manipulation Stage Two (three to four years old) 

Palmer tripod grasp is seen as the next important developmental milestone when children 

learn to adjust their pencil movements. This finer control of their voluntary movement allows the 

child to copy objects, shapes and some letters or numerals with a certain degree of accuracy 

(Connolly et al., 2006). In the presence of a more mature in-hand manipulation, children can be 

seen dressing and undressing, cutting, and brushing their teeth. Specifically, children may be able 

to cut curvy lines and circle shapes. Some children may even be able to write his or her own name. 

From this stage onwards, children continue to hone and improve their in-hand manipulation and 

hand-eye coordination.   

Copying (four to five years old) 

A child at this stage would have enhanced hand-eye coordination to be able to thread 

smaller beads, complete puzzles and try to keep inside the lines when coloring. Handedness is 

well-established at this stage. Children’s fine motor development would have progressed to the 

point where they recognize and write letters in sequence. From the studies on children’s writing 

development (Clay, 1975; Martens, 1996), it has been proposed that children learning the English 

language may have started to observe that English letters are composed of individual symbols. 

Hence, progressing from wavy scribbles, preschool children at this stage can be seen forming 
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individual symbol units as well as printing letters intentionally. Given that the appearance of the 

English letters may be too complicated for some preschoolers, they might only produce letters that 

they are more comfortable with or that are the simplest to reproduce. Round and straight lines 

letter-like forms (e.g., H, I, L, O and T) are most frequently seen in children’s early scribbles and 

writing (Mink, 2010). 

Controlled Movement (five to six years old) 

As children move into their kindergarten years, their mastery of forming a dynamic tripod 

with their thumb, pointer and middle finger allows them to coordinate and control their pencil 

movements with better accuracy. When children assume the dynamic tripod position, the writing 

tool (e.g., pencil or marker) is supported, and this enables them to make directed writing 

movements. As children attain this milestone, scissors skills have evolved beyond cutting basic 

shapes to cutting circles and other complicated zig-zag lines. Children would also be able to paste 

and glue properly (Connolly et al., 2006).  

Precision (six to seven years old) 

With the dynamic tripod position developed and having established most of their fine motor 

skills, kindergarten children aged six to seven years learn to comprehend some practical 

applications of their motor skills such as writing steadily on the line, copying and writing letters 

accurately and building structures with blocks or Legos effectively. Along with their fine motor 

skills, by this stage, children also progress in their orthographic knowledge of the scripts they learn 

(Pak et al., 2005). As research suggests (Nag, 2019), mastery of orthographic rules of the language 

may enable automaticity in decoding and encoding processes and in turn result in increased 

accuracy in reading and spelling performance. 
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Figure 1 (adapted and expanded from Gonzales et al. (2019) systematic review) 

Stages of Children’s Fine Motor Skills Development (in Years) 
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Components and Assessments of Fine Motor Control 

Fine motor skills generally refer to the purposeful and controlled movements of the small 

muscles of the fingers and hands. These movements usually coordinate with the larger muscles of 

the arms and trunk for stability and with the eyes for eye-hand coordination. It is important to note 

that the term “fine motor” used in this study refers to the coordination and control of groups of 

small muscles of the hands and fingers in tandem with the sensory organs such as the ears, mouth 

and eyes (for a review, see Bruininks & Bruininks, 2005).  

As reviewed above, children develop fine motor skills in a step-by-step progression. 

Development occurs at an uneven pace, with periods of little progression interspersed with leaps 

in skills. Children’s manipulative movements such as writing, cutting, drawing, or dressing up and 

feeding oneself (Bruininks & Bruininks, 2005). Importantly, fine motor skills may be further 

delineated into tasks involving visuomotor control (VMC - e.g., tracing, finger tapping, pegboard 

completion), and tasks that integrate motor with spatial abilities (visuospatial integration, VSI - 

e.g., copying a geometric shape or letters) (Carlson et al., 2013), graphomotor, or even handwriting 

(Bart et al., 2007). Grapho-motor skills refer to a subset of visual-spatial integration that directly 

involve skills related to copying letters and symbols, requiring limited knowledge of the letters in 

the language. While there is consensus on this conceptualization of fine motor control, 

methodological challenges come up in the way researchers approach the study of fine motor 

development. 

In particular, a challenge in capturing the fine motor-to-literacy link is finding measures 

that accurately assess the variables of interest. Within the fine motor literature linking fine motor 

constructs to language outcomes, much research has failed to fully explore what elements of fine 

motor skills matter for reading or spelling. Scholars either use a composite fine motor score (e.g., 
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combining two or more subcomponents), or they fail to properly explain how the fine motor 

element in their study was operationalized (e.g., Diamond, 2000; Gabbard et al., 2011). Of those 

that have examined individual components of fine motor skills, several have concluded that visual-

spatial integration skills are a more powerful predictor of reading skills when visuo-motor 

coordination was held constant (e.g., Cameron et al., 2012; Grissmer et al., 2010). 

If fine motor performance varies as a function of the assessment tool, resulting in differing 

findings for reading or spelling outcomes, this certainly has important theoretical and practical 

implications. In the current project, an effort was made to understand and detail the differences 

among visuo-motor coordination, visual-spatial integration and grapho-motor skills by defining 

and using these terms precisely. In the current dissertation, if variations are noted in academic 

scores due to the type of task chosen, this may help inform curricula, and the right type of materials 

to use when assessing fine motor skills in young children. Tests used to assess these three discrete 

terms will be elaborated upon next.  

Assessing Visuo-Motor Coordination versus Visual-Spatial Integration 

While visuo-motor coordination and visual-spatial integration belong to the broader 

umbrella term of fine motor control, measurements of visual-motor coordination focus deeply on 

capturing the control of small finger movements. The Movement Assessment Battery for Children 

(MABC-2; Petermann et al., 2011) is a commonly chosen test battery used to assess children’s 

visuo-motor development. Three subtests are used to collect information on children’s manual 

dexterity. In the placing coins test, the child holds a bank box steadily with one hand and picks up 

the coins, one at a time, and inserts them into the bank box as quickly as possible. Following this, 

the child threads beads through a lace, and finally completes a drawing task by drawing a single 

continuous line between two lines without crossing its boundaries. 
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Visual-spatial integration skills include the ability firstly to perceive a visual image and/or 

to manipulate it spatially and then to replicate this image via motor output (Carlson et al., 2013). 

Tasks measuring visual-spatial integration typically involve items such as using a pencil or a pen 

to copy shapes, spontaneously produce a shape or human figure, or build 3-dimensional figures 

using blocks and/or Rubik cubes. A commonly used task to assess visual-spatial integration is the 

Beery-Buktenica Developmental Test of Visual-Motor Integration- Fifth Edition (DTVMI; Beery 

& Beery, 2010). The DTVMI fifth edition is comprised of a visual-spatial test and two 

supplemental tasks. In this assessment, children are asked to copy or replicate a range of geometric 

figures, including lines and 2-dimensional or 3-dimensional shapes (Korkman et al., 2007). In the 

supplemental tasks, children are assessed on their visual perception and motor coordination where 

children are required to trace a range of geometric shapes. Chung and colleagues (2018) found 

significant correlations between visual-spatial integration abilities and non-alphabetic languages 

using the DTVMI-5 measure. Using a cross-sectional design, the authors examined 369 Chinese 

children from Hong Kong. The participants completed the DTVMI-5 as a measurement for visual-

spatial integration, an executive function assessment, and Chinese word reading and word 

dictation. After controlling for age, gender and maternal education, hierarchical regression analysis 

showed visual-spatial integration and executive functioning separately predicted Chinese word 

reading and writing. Thus, visual-spatial integration is demonstrably different from executive 

functioning and has unique effects on literacy unrelated to executive function effects. 

Studies using well-established standardized measures of motor skills such as the Berry 

DTVMI-5 have predominantly focused on the written output (i.e., copied symbols) rather than the 

writing process. Fears et al. (2019) found through head-mounted eye tracking methods that 

children’s gaze patterns and pen lifts when copying did not differ according to stimulus 
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complexity. Twenty kindergarteners were instructed to copy the symbols in the DTVMI-5 task 

while wearing an eye-tracker. Results indicated that children fixated longer on the symbols once 

they had begun to copy rather than on the complexity of the form they were producing, giving 

further insight into their writing process as opposed to just the writing product.  

Another frequently used paradigm to assess visual-spatial integration is the BRIGANCE® 

Inventory of Early Development III (IED-III; French, 2013) task, and it has been proposed to 

assess children’s developmental skills in fine motor skills. For each assessment in this inventory, 

test administration begins at a skill indicator suitable for the child’s chronological age. The fine 

motor skills assessments in IED-III are similar to the Early Screening Inventory-Revised (ESI-R; 

Meisels et al., 1997) where the child is required to build towers with blocks and use a pencil to 

copy images, draw a person, write numerals in sequence and print uppercase letters in sequence. 

Reading skills were found to be more strongly predicted by attention than by fine motor skills 

when ESI-R (composite score of visual-spatial integration and visuo-motor coordination scores), 

was used as a measurement of fine motor development (Grissmer et al., 2010). Failure to isolate 

and test the predictive power of each sub-test, namely the visual-spatial copying tasks, and grapho-

motor task of writing letters versus the visuo-motor coordination tests of tracing or threading beads 

remains as a major limitation of the Grissmer et al. (2010) study. This calls for a more careful 

selection of the assessments as well as the design in analyzing the relationship between fine motor 

development and reading skills (Fuhs & Day, 2010; McClelland & Cameron, 2012). 

It is important to note the overlap in skills measured by the DTVMI-5, ESI-R and IED-III, 

which require both visual-spatial integration (the child has to replicate geometric designs with 

increasing difficulty) and visuo-motor coordination (build with blocks or trace shapes). In contrast, 

the MABC-2 is said to purely test fine motor skills (only visuo-motor coordination) (Suggate et 
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al., 2016). Hence, more attention is required in choosing measures of visual-spatial integration, 

graphomotor and visuo-motor coordination and to examine them separately in order to determine 

the specific impact of each fine motor ability on reading or spelling performance.  

Motor-Literacy Link across Developmental Phases  

Studies of fine motor skills in kindergarten replicate and extend previous work, showing 

the exclusive contribution to reading and math achievement (Pagani, et al., 2010; Grissmer, et al., 

2010). While the replication studies authenticate motor skills as a key element of school readiness, 

they do not indicate how motor skills relate to key components of academic achievement during 

kindergarten. It remains unclear which fine motor skills are linked with the key kindergarten 

elements of mathematics, language, or attention skills, and whether motor skills lead to better 

academic skills, or if both are affected by a third common variable (refer to Figure 2). While fine 

motor skills have been associated with reading or spelling, the viewpoint that this association is 

indirect has received a great deal of attention and is central to this dissertation.  

Theoretically, visual-spatial integration might relate to reading or spelling through 

cognition, a view ingrained in Piaget’s theory of cognitive development (Piaget & Inhelder, 1956), 

Mastering manual dexterity requires sustained attention, planning and deliberation (Adolph et al., 

2010; Conners, 2009; Diamond, 2000; McClelland & Cameron, 2019), so cognitive variables are 

expected to play a key role in fine motor skills development. Likewise, strong correlations were 

found between word reading performance and cognitive factors such as rapid automatized symbol 

naming, working memory, and broad intelligence (National Early Literacy Panel, 2008). Further, 

correlational studies confirm that cognitive mechanisms such as attention (Conners, 2009), IQ 

(Ferrer et al., 2010), inhibitory control (Cartwright, 2012) and phonological working memory 

(Preßler et al., 2014) that were associated with reading were also strongly correlated with fine 
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motor abilities (Becker et al., 2014). Indeed, in numerous studies visual-spatial integration has 

been theoretically and statistically linked with academic development through cognition to reading 

skills. 

Consider the study by Son and Meisels (2006), in which the researchers investigated the 

visual-spatial integration-to-literacy link in a large national sample of over 12,000 grade one 

children. Children completed copying tasks and achievement tasks in reading and mathematics. 

Initial correlational analyses of visual-spatial skills and achievement was significant (effect size of 

0.68), and the overall hierarchical regression results showed that visual-spatial skills were 

predictive of academic underachievement and of children who were at risk of language difficulties. 

However, neither general cognitive ability nor executive functions such as working memory were 

controlled for in their four-step regression model.  

In another study, Becker et al. (2014) investigated 127 nursery and kindergarten children’s 

visual-spatial integration, literacy and cognitive skills concurrently. Specifically, for literacy a 

letter-word identification subtest was given, and for cognition a working memory and a Stroop 

task were given, while the standardized Beery-Buktenica Developmental Test of Visual-Motor 

Integration- Fifth Edition (DTVMI-5) was used to measure fine motor visual-spatial integration. 

To examine the unique association between fine motor and early literacy, Becker and colleagues 

(2014) ran regression models while controlling for variables that shared underlying mechanisms 

in the developmental process, such as behavioural self-regulation and cognition. Results revealed 

a significant interaction between working memory and visual-spatial integration skills. In 

particular, post-hoc analyses revealed that visual-spatial scores alone accounted for 6% of the total 

variance of early literacy, after controlling for the other variables. These results support the idea 

that fine motor skills contribute to and predict literacy skills over and above other important 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



18 
 

cognitive skills. Further, the study reported age effects, where stronger working memory was 

related to performing better on the visual-spatial integration task for the younger, nursery school 

children and no such effect was seen for the older children. The evidence suggests that young 

children who have better working memory are better at processing the image, holding the figure 

in memory and translating it to paper, with working memory less related to visual-spatial 

integration for older children. Thus, a certain level of working memory is required for visual-

spatial integration and only the more advanced younger children had this same capacity as the 

older children.   

The results from Becker et al. (2014) suggest that the visual-spatial integration-to-reading 

link is significant even after controlling for cognitive variables. This means the relation may not 

be just an indirect or third variable situation, where both visual-spatial integration and literacy are 

impacted by the same cognitive competencies. Instead, there may be a direct visual-spatial 

integration-to-reading relation, as affected by other variables. Scientists believe that children with 

greater visuo-motor coordination skills are likely better able to engage in environmental activities 

involving manipulating or exploring objects, which then opens up learning avenues previously 

closed to them (Cameron et al., 2016). This position is termed functionalism, and it postulates that 

better visuo-motor coordination enables children to engage in more learning activities which will 

directly support both cognitive and academic development. Hence, researchers seem to propose 

that visual-spatial integration or grapho-motor skills mediate the relationship between visuo-motor 

coordination and reading or spelling performance (refer to Figure 2). This visuo-motor 

coordination advantage may dissipate as children progressively automatize their fine motor skills, 

along with improved visual-spatial integration skills (Kim et al., 2017; Suggate et al., 2019).  
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When children learn to represent letters and words in writing, those with enhanced visual-

spatial skills may be better at reproducing the lines and curves of letters or words in the exact 

orientation and to form letters in correct sequences and produce words. That is, with good fine 

motor skills, processing and copying letters becomes more automatic (Floyer-Lea & Matthews, 

2004). Following the limited cognitive resources model (e.g., Baddeley & Hitch, 1974; Kirchner 

& Klatsky, 1985) better visual-spatial integration abilities release the reserve of cognitive 

resources such that more conscious energy, or attentional resources, can be devoted to decoding 

words and encoding sounds and to building up vocabulary. Hence, attention is re-allocated from 

simply naming and copying letters to making connections between letters and sounds and creating 

real words (McClelland & Cameron, 2019). Specifically, the use of motor movements for literacy 

learning may help children by introducing a procedural form of learning, which requires less 

conscious effort. These findings lend support to the functionalism proposition that children with 

strong grapho-motor abilities can dedicate their mental resources to incorporating higher-order 

information (decoding and encoding) rather than simple perceptual information (e.g., identifying 

letters) (McClelland & Cameron, 2019). 
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Figure 2 

Relationship Between Kindergarten Visual-Spatial Integration, Visuo-Motor Coordination and 

Literacy Skills as Proposed in Literature 
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SAGE Journals, MEDLINE and ProQuest databases, using search terms including “fine motor, 
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In addition to the concurrent studies, the author identified another set of studies that empirically 
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integration, reading”, with the results further confirming the notion that children’s fine motor and 

literacy milestones are interdependent. With only one systematic review looking at motor-

language cascades from infancy to toddlerhood (Gonzalez et al., 2019), and the majority of studies 

in this area focusing mostly on the last four stages (i.e., object manipulation stage 2, copying, 

controlled movement and precision) of motor development, reports of fine motor control and 

reading or spelling skills across these later stages are summarized next.
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Links between Visual-Spatial Integration and Reading  

In the following literature review, the discussion focuses on how children’s fine motor 

development reflects their writing knowledge and consolidates research findings to demonstrate 

associations amongst children’s early literacy skills, such as reading and spelling, and fine motor 

skills at each of the later developmental stages. 

Object Manipulation Stage Two and Copying Phase 

Research findings in this developmental stage suggest a concurrent relationship between 

fine motor skills and reading from preschool to early childhood. Four studies have evaluated the 

connections between fine motor experiences and language in children aged three to four years old 

using cross-sectional design and analyses (Rhemtulla & Tucker-Drob, 2011; Cameron et al., 2012; 

Muluk et al., 2014; Grissmer et al., 2010). All four studies found significant relations either 

between visual-spatial integration (i.e., copying tasks) or visuo-motor coordination and language 

skills in general. Cross-sectional research by Rhemtulla and Tucker-Drob (2011) provided distinct 

data of four-year-olds involving aggregated fine motor data and language outcomes. Cameron et 

al. (2012) calculated fine motor skill using a standardized assessment but used both a composite 

score and sub-test data to examine links between visual-spatial integration and language related 

tasks. Muluk and colleagues (2014) utilized individual items of imitating a vertical line, imitating 

a bridge, or building a tower of seven blocks drawn from a larger standardized assessment, Denver 

II. The studies discussed here include American, Turkish and German children. 

In the first study (Rhemtulla & Tucker-Drob, 2011), fine motor skills were assessed based 

on building activities and copying shapes. Specifically, children were instructed to replicate and 

build a gate from wooden blocks and reproduce a square, a triangle, and an asterisk. The final score 

was a composite score tallied from all activities. The outcome variable, oral language, was assessed 

through storytelling. The child was told a scripted story and asked to repeat the story using pictures 
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as visual cues. Nursery children’s oral language was found to be significantly and positively related 

to their fine motor skills concurrently. Cameron and colleagues (2012) examined the influences of 

visual-spatial integration processes on academic achievement comparing between fine and gross 

motor skills in nursery children (N = 213). Fine motor skills were measured through the ESI-R and 

language production was assessed using the language sub-tests in the Woodcock Johnson Tests of 

Achievement (Woodcock et al., 2001). As opposed to forming a composite fine motor score, 

Cameron et al. (2012) focused their analyses on the separate fine motor items (i.e., building blocks, 

copy task and spontaneous drawing of a person) in evaluating fine motor and word-reading, 

comprehension, expressive vocabulary, and phonological awareness. Multi-level model analyses 

showed that children who entered kindergarten with higher copying scores performed better on 

language related tasks. Only the visuo-motor coordination task, building blocks, was positively 

related to expressive vocabulary. Spontaneous drawing was not correlated with the language 

outcomes.  

Following the same idea of looking at the constructs discretely, Muluk et al. (2014) 

correlated individual items from the fine motor measure, Denver II, with children’s language skills. 

Correlations were performed for children aged three to six years old. For the purpose of this review, 

only the results pertaining to visual-spatial integration skill of “imitating a vertical line” or 

“copying shapes” and visuo-motor coordination of “building a tower of seven blocks” are 

included. From ages three to four years, children who were able to reproduce a vertical line 

accurately were also able to “use plurals”, “define six words,” and able to “give first and last 

name.” At this age range, children who outperformed their peers on the building a tower task (i.e., 

visuo-motor coordination task) were scoring higher on vocabulary skills such as being able to 

describe six or more words. Nonetheless, these results were rendered non-significant once 
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mother’s education was taken into account through backwards regression. Children aged five and 

above performed well on the copying tasks, and unlike the nursery children, their copying skills 

were positively related to vocabulary, counting skills and identifying opposite words after mother’s 

education was held constant.  

One study measured the relation between early fine motor skills and later language 

outcomes spanning across preschool and early childhood (Grissmer et al., 2010). In their 

longitudinal study, Grissmer and colleagues (2010) found evidence that early fine motor skills 

predicted later reading skill in ten-year-old children even after child and family characteristics 

were controlled. Although it is remarkable that early visual-spatial motor skills link to later reading 

skills, with other predictors held constant, the nature of this link (e.g., if and how visual-spatial 

contributes to encoding and decoding abilities) is hard to ascertain without interim testing between 

the extended five-year period between kindergarten and middle primary school. Indeed, a study 

model with a shorter time frame would better elucidate this association because of the rapid rate 

of development of these constellations of motor and cognitive and linguistic skills.    

Controlled Movement Phase 

During this next developmental phase at ages five to six, research into fine motor 

development when children demonstrate controlled movement has focused on measuring links to 

early and later language ability. Some studies focus on the differentiating effects of visual-spatial 

integration or visuo-motor coordination on language learning ability. Measures of visual-spatial 

integration and visuo-motor coordination have been assessed in relation to reading (Carlson et al., 

2013; Suggate et al., 2018), with a preponderance of work showing visual-spatial integration 

copying tasks as a better indicator of reading outcomes (Cameron et al., 2012; Carlson et al., 2013) 

compared with tracing tests (Suggate et al., 2019). One such study was Carlson et al.’s (2013) 
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cross-sectional study of fine motor and academic achievement in children between the ages of five 

and 18. The authors examined the two separate elements of fine motor skills using two subtests 

from the Beery-Buktenica Developmental Test of Visual-Motor Integration (DTVMI-Fifth 

Edition). They found that strong visual-spatial integration related to higher math and writing scores 

after controlling for visual-motor coordination (i.e., tracing) (Carlson et al., 2013). This relation 

remained robust even after controlling for children’s full-scale IQs. 

This previous correlational research indicated that visual-spatial integration or 

graphomotor skills link to early reading development, but the case for causality is limited. In an 

elegant study by Suggate and colleagues (2016), the directionality of the fine motor-to-reading 

link was examined experimentally. Preschoolers’ pencil operation was manipulated while children 

learned to decode letters and nonsense words in a between group, randomized experimental design 

with pre- and post-testing. Children were assigned to one of three conditions in which they either 

copied a word using a lightweight pencil, a metal weight pencil (impaired writing), or they simply 

pointed at the letters with the light pencil as they learned to read the words. Results from this 

experiment indicated that children learned the most decoding skills in the normal writing 

condition, followed by the pointing and impaired writing conditions, which did not differ from one 

another. The findings provide stronger experimental evidence that having poorer writing skills 

leads to poorer decoding skills and support the argument that there might be a causal relationship 

between grapho-motor and reading abilities. 

In another empirical study, head-mounted eye-tracking technology was used to examine 

how four to eight-year-olds used vision to guide letter and symbol copying actions (Fears & 

Lockman, 2018). Specifically, children were asked to copy familiar English letters and foreign 

Cyrillic symbols while wearing an eye-tracker. Gaze patterns or visual fixations and pen lifts 
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before and during copying were recorded. In terms of visual fixations, children made more 

fixations before and when writing the unfamiliar Cyrillic symbols than when they wrote familiar 

English letters. Furthermore, within each script, researchers documented variations in gaze 

patterns when copying English letters (e.g., longer fixations on low frequency letters and shorter 

fixations on high frequency letters) while children generally made the same number of fixations 

across Cyrillic symbols. Hence, form (i.e., letter/symbol) familiarity appeared to influence 

children’s gaze patterns when copying that form. Next, gaze patterns and pen lifts were examined 

together as a measure of visual-spatial integration. Fears and Lockman (2018) noted that the 

number of pen lifts was significantly related with visual fixations. However, this finding was not 

significantly different based on form familiarity. The main take-away from this study is that 

children by the age of six learn to coordinate their visual and motor processes and that there are 

also individual variations based on script familiarity.  

Precision Phase 

At the last developmental phase described here, physically copying symbols and letter or 

word writing were observed to be more advantageous for building orthographic knowledge than 

tracing, keyboard typing, mentally recollecting or manipulating letter tiles. A majority of studies 

looking at the benefit of copying and literacy learning have demonstrated a significant link of 

children copying English letters and learning to read or spell in the corresponding language 

(Cunningham & Stanovich, 1991; Suggate et al., 2016, Suggate et al., 2018; Suggate et al., 2019), 

with several other studies looking at Chinese characters (Lo et al., 2018). 

Suggate and colleagues (2018) embarked on a search to examine the relationship between 

grapho-motor skills and reading performance in six-year-old children. They reasoned that visual-

spatial integration in the form of copying letters (e.g., grapho-motor) rather than copying objects 
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or shapes would be beneficial to building reading and spelling development. They therefore 

subjected their fine motor scores to a factor analysis to provide evidence of separate constructs of 

visual-spatial integration and visuo-motor coordination skills, as measured by the Greek letter 

copying task and Movement-ABC-2 task, respectively. A two-factor solution that accounted for 

66.18% of the total variance was found, with the grapho-motor Greek letter copying task loading 

separately from the visuo-motor coordination pegboard tasks. A regression analysis further tested 

the visuo-motor coordination-literacy hypothesis, while controlling for visual-spatial integration 

scores and cognitive skills. In agreement with previous findings (Suggate et al., 2016), visuo-motor 

coordination was no longer significantly related to word reading, letter naming or writing when 

grapho-motor scores were entered into the regression model. Similarly, the connection between 

visuo-motor coordination and reading was eliminated with the addition of IQ and attention scores. 

The results confirmed their hypothesis that grapho-motor, and not visuo-motor coordination, was 

associated with reading.   

A later cross-lag developmental study by the same group of scientists (Suggate et al., 2019) 

revealed contrasting results, with the developmental pathway from kindergarten visuo-motor 

coordination scores significantly and positively predicting reading in grade one. In retrospect, the 

main aim of the study was to demonstrate that their previous cross-sectional work may not have 

adequately teased apart the indirect influences from visuo-motor coordination to reading (Suggate 

et al., 2016; 2018). Above and beyond cognitive variables, Suggate et al. (2019) accounted for the 

concurrent influence of reading and visuo-motor coordination skills as well. As a follow-up, 

Suggate and co-workers (2019) reduced the large model to only include visuo-motor coordination, 

grapho-motor, handwriting and reading. Visuo-motor coordination was found not to predict 

reading once graph-motor skills were included into the model as a mediator variable. This 
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methodology presents concrete empirical evidence for the visuo-motor coordination and grapho-

motor routes as well as contributing to the existing literature (e.g., Cameron et al., 2012; Grissmer 

et al., 2010; Suggate et al., 2018) with a strong focus on the longitudinal modelling of latent 

variables. 

The Lo et al (2018) study differs from other studies of fine motor control and language 

associations with regard both to its study design and in examining dictation or spelling, a literacy 

skill that is often under researched. In this study, conducted with a sample of 134 children, Lo et 

al. (2018) found links between copying Chinese characters and English words and dictation in 

Chinese and English. A strength of their study was that they looked at two different forms of 

copying – direct versus delayed. Delayed copying in both English and Chinese was significantly 

correlated with spelling. The results highlighted that visual-orthographic knowledge could 

potentially be used to distinguish children with reading difficulties from better readers. The results 

from non-alphabetic languages corroborate the findings from earlier work on alphabetic scripts in 

the 1990s where Cunningham and Stanovich (1991) experimentally manipulated writing 

conditions and tested the effect on English spelling performance. Children aged seven years old 

were instructed to spell words in three different ways. They had to physically copy some words, 

type some of the words using a keyboard or physical arrange letter tiles to make the word. Writing 

out the words was associated with higher spelling scores compared to the other two conditions and 

this result remained true even at post-test. Together, the studies included in this developmental 

phase, imply that physically copying letters or writing letters from memory can be viewed as a 

time efficient pedagogical tool, especially for kindergarteners.  

Given the existing studies reviewed, a key take-away is that fine motor skills demonstrate 

concurrent relations across preschool to early childhood. While cross-sectional studies during the 
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last four motor developmental stages spanning nursery school to middle primary have found fine 

motor and language relations, studies focusing on outcomes over time find mixed results, with 

visual-spatial integration at kindergarten predicting later language outcomes in grade one (Suggate 

et al., 2019), but research conducted with time points further apart indicating less of an effect of 

early fine motor skill on later academic achievement (Grissmer et al., 2010). In terms of quantity, 

more studies have been conducted on measuring visual-spatial integration and its association to 

reading compared to the other two sub-skills. Moreover, the articles reviewed were mostly 

conducted during kindergarten compared to nurseries, which limits the interpretation of findings 

for younger children.  

Conclusion: A Need to Examine the Relationship between Visual-Spatial Integration, 

Grapho-Motor, Visual-Motor Coordination and Reading and Spelling 

In summary, the relatively small body of research implies a multifaceted interactional 

relationship between fine motor skills subcomponents and literacy outcomes. Visuo-motor 

coordination showed comparably weaker links to the early literacy skills of letter knowledge and 

word reading, whereas grapho-motor or visual-spatial integration skills exhibited stronger links, 

with the tightest coupling being reserved for writing skills (refer to the Figure 2). Thus, grapho-

motor skills can be conceived as skills lying in-between visuo-motor coordination and writing 

skills, probably because of commonalities regarding pencil operation and cognitive knowledge of 

symbol writing.  Despite these findings, and to the best of the author’s knowledge, no study to date 

has addressed the developmental association between discrete aspects of visual-spatial integration, 

in particular grapho-motor skill, and reading plus spelling in a longer-term longitudinal design, 

starting at the beginning of literacy acquisition.  
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Research Objectives, Research Questions and Research Significance 

Given the extant literature and according to functionalism, it was hypothesized that visuo-

motor coordination should support the development of grapho-motor or visual-spatial integration 

skills, which in turn may lead to the production of letters (writing skills), which subsequently 

supports reading development (Figure 2). Additionally, there is a gap in the current research on 

the motor-literacy link for learning to spell. Given that writing (e.g., spelling) rather than reading 

involves hand-eye coordination and noting the bidirectional relation of reading and writing shown 

in the literature, further investigation of spelling is warranted.   

The overall goal of this thesis is to explore the mechanisms through which fine motor skills 

are associated with reading and spelling in children. The aims of the project are two-fold. The first 

is a replication of the Carlson et al. (2013) consortium piece. study one presents an analysis of 

secondary data from a large sample of K2 Singaporean children assessed longitudinally to P1 for 

literacy skills of reading and spelling. The main goal of study one is to define the fine motor-

literacy link empirically with a critical examination of the association between the different types 

of fine motor experiences and literacy skills. In study one, the author has used a relatively culture-

free measure, the Inventory of Early Development III (IED-III), to examine whether visual-spatial 

integration can quantitatively predict reading and spelling outcomes. The aim of study two is to 

extend the original working definition of visual-spatial integration, which was assessed by DTVMI 

in Carlson’s (2013) study, by including grapho-motor skills that reflect the languages learned by 

the child in school. Study two builds on the findings from study one, to include more motor 

measures of both grapho-motor and visuo-motor coordination skills, but with a younger age group 

to examine if visuo-motor coordination may precede visual-spatial integration skills in terms of 

contributions to reading and spelling.  
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Chapter 3 Study one1: Defining the Relationship between Visual-Spatial Integration and 

Reading and Spelling 

Research Design 

Study one investigates the association of visual-spatial integration to both the reading and 

spelling domains. The aim of the first study, therefore, was to define the visual-spatial integration-

literacy link, put forth by Suggate et al. (2018), longitudinally. Kindergarten children were 

followed from Kindergarten Year Two (K2) to Primary One (P1) with the aim of identifying the 

relationship between visual-spatial integration, assessed with the IED-III task, and fundamental 

literacy skills in reading and spelling, assessed with standardized tasks in the WRAT-4.  

The research questions for study one are more specific to the sub-skills of visual-spatial 

integration and to reading and spelling scores specifically and were addressed through hierarchical 

regression analyses. There are three main independent variables, two dependent variables, and five 

control variables overall. The three main independent variables are subtest scores from The 

Inventory of Early Development (Standardised) – 3rd Edition (IED-III), which include measures 

of (1) copying geometric shapes (B-3), (2) spontaneous drawing of a person (B-4) and (3) letter 

writing (B-7). The dependent variables are reading and spelling achievement scores from the 

WRAT-4. The control variables include non-verbal intelligence, inhibitory control (flanker test), 

working memory and demographic variables (e.g., age and maternal education). 

Research Question and Hypothesis 

Research Question One. To what extent do visual-spatial integration skills in Kindergarten Two 

(K2) predict reading scores in Primary One (P1) after controlling for cognitive variables? 

 
1 Publication: Study one is under review to be published in full as a journal article as it appears in Reading and 

Writing. 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



31 
 

 Hypothesis One: Following past research, early visual-spatial integration skills were 

expected to significantly predict later reading scores beyond cognitive skills. Moreover, it may be 

expected that children who are struggling readers at P1 would have had issues in their visual-

spatial integration skills earlier on in preschool.  

Research Question Two. To what extent do visual-spatial integration skills in K2 predict spelling 

scores in P1 after controlling for cognitive variables? 

Hypothesis Two: Extending the findings from prior work on reading, early visual-spatial 

integration skills were expected to significantly predict later spelling scores. 

Methods 

Secondary Data  

The current study analyzes a subset of the tasks from a larger battery. The sample is derived 

from a previous large, longitudinal study in Singapore (Singapore Kindergarten Impact Project, 

SKIP, Ng et al., 2014) which held a broader set of research aims and did not specifically focus on 

the link between fine motor skills and literacy skills. The SKIP study was conducted from 2014 to 

2018. Overall, the aim of SKIP was to examine how the preschool environment and pedagogical 

practices, together with home factors, influence children’s learning and developmental outcomes 

and predict their readiness for primary school. The study was funded by the Education Research 

Funding Programme, National Institute of Education (NIE), Nanyang Technological University, 

Singapore, project no. OER 09/14RB. Recruitment for the SKIP study occurred between January 

2015 to August 2015. The sampling strategy targeted centers from a range of social strata, 

geographical locations, types of provider (both public and private), and whose fees were affordable 

to the majority of local families in Singapore. Private preschools charging high fees, therefore, 
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were intentionally excluded. All of the children whose parents signed the consent forms were 

included in our data collection.  

Results from overlapping samples from this project are presented in other published journal 

articles, such as O’Brien et al. (2019) and Yao et al. (2017). One paper (Khng & Ng, in press) 

examined latent measures of gross and fine motor control with more general academic outcomes 

(as a latent construct made up of mathematics, reading and spelling scores) and executive 

functioning with a similar sample of the children from this project. Nevertheless, this is the first 

study specifically analyzing links between children’s fine motor and reading and spelling 

development within this project. 

Participants  

There were 850 children (411 males and 439 females) from 80 preschools in geographically 

dispersed locations across Singapore who participated in this study. All children recruited for this 

study were typically developing children and not identified for developmental issues. Data was 

collected on a comprehensive battery of one-to-one child assessments to evaluate changes in 

children’s academic and non-academic competencies. Amongst the overall battery of tasks, 

information on children’s non-verbal intelligence, working memory, inhibitory control and visual-

spatial integration skills was collected at K2 (Mage = 63.15 months, SD = 3.89) and at P1 but only 

the K2 scores were included in the analysis. In a final wave of data collection at the beginning of 

Primary school one (Mage = 80.85 months, SD = 3.79), the English language reading and spelling 

measures were administered. Additionally, within the sample, two subgroups were formed to 

compare students identified by the school at P1 as struggling readers (N = 69) with a matched set 

of children showing typical development at P1 (N = 66) in early reading skills (85 males and 50 

females all together). The groups were matched according to gender and age by using a case-
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control matching design (SPSS Statistics version 26). These groups were compared in a 

retrospective analysis to see if they differed in their earlier motor skills at kindergarten, following 

the literature that if fine motor skills lead to early literacy skills, problems with early fine motor 

skills may contribute to later difficulties with early literacy. 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



34 
 

Predictive Measures. Visual-spatial integration skill was measured with a relatively 

culture free measure, The Inventory of Early Development (Standardised) – 3rd Edition (IED-III 

Standardised; French, 2013). This test has reliability support (e.g., internal consistency range = 

0.80–0.97, test–retest = 0.92–0.99, inter-rater reliability range = 0.82–0.99). The task examines 

children’s developmental and learning skills in five domains from birth to seven years of age. Only 

the subtests measuring fine motor skills were included in the current study. Test administration 

was tailored based on each child’s chronological age. Each assessment has specific basal and 

ceiling rules, and administration was terminated when a ceiling and basal were established. 

Different types of visual-spatial abilities were the focus in this study. The motor skills assessments 

that were included in the analyses for this study include: (3) B-3: Copying geometric shapes of 

increasing complexity, (4) B-4: Spontaneous drawing of a person, (6) B-7: Letter writing in 

sequence. The first two subtests - copying geometric shapes and spontaneous drawing of a person 

- assessed copying and reproduction ability, while the last subtest - letter writing in sequence - 

measured grapho-motor ability. Trained assistants scored these assessments after passing a 

reliability check (80% reliability). Higher scores would indicate better motor skills. 

Outcomes Measures. English reading ability was assessed using the Wide Range Abilities 

Test, 4th Edition (WRAT-4, Wilkinson & Robertson, 2006). The internal consistency reliability 

ranges from 0.87 to 0.93. Children completed two subtests of letter naming (11 items) and word 

reading (55 items). Children were administered the blue form for reading at K2 and P1. 

Administration of the word reading subtest was discontinued after 10 consecutive incorrect 

responses. A total reading score was obtained by summing the two subtests. Spearman-Brown split 

half reliability was 0.96. 
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English spelling ability was assessed using the WRAT-4 (Wilkinson & Robertson, 2006). 

The blue form was administered at K2 and P1 and included letter writing (15 items) and word 

spelling (42 items). Letters and words were dictated, and each target word was presented in a 

sentence. The target word was read out, a sentence was then read with the target word in it, and 

then the target word was repeated (e.g., “and. The boys and girls. and.”). Word spelling was 

terminated after 10 consecutive errors. The total number of correctly spelled letters and words was 

scored and taken as the final score. 

Control Measures. Non-verbal intelligence was assessed using The Raven’s Coloured 

Progressive Matrices (Raven, 2003, Cronbach alpha coefficients ranged from 0.88 to 0.93). It 

comprises of three sets of 12 items (Sets A, AB, and B) with items within a set becoming 

increasingly complex. Within each set, items are arranged in increasing order of difficulty. 

Children were presented with a pattern with a missing part in a matrix layout (either two by two, 

three by three, four by four or six by six). Children were provided with a set of alternatives and 

had to choose the part that completed the pattern from the set. The test was discontinued when four 

consecutive incorrect responses were committed. The final score was a sum of the correct 

responses across all three sets. 

Working memory was measured using the Backward Digit Recall (modified from Pickering 

& Gathercole, 2001, test-retest reliability at 0.80). Children were provided with headphones for 

this task. There was a total of six experimental blocks (six trials each), which progressed from a 

block with two numbers to a block with seven numbers. In each trial, children listened to a series 

of number (e.g., five, two) and had to repeat the numbers in backward order (e.g., two, five). The 

research assistants recorded children’s answers as correct or incorrect. The final score was the total 

number of correct trials. 
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Inhibition skills was tested using the flanker task. This task assessed children’s inhibition 

skills. In this task (modified from Kopp et al., 1994, test-retest reliability at 0.80), children were 

presented with a fixation point in the centre of the computer screen, followed by a row of five 

arrows facing either left or right with the target arrow. The target arrow appeared on its own 

(neutral condition) or was flanked on either side by two arrows facing the same (congruent 

condition) or the opposite direction (incongruent condition). In each trial, children were asked to 

identify, by key press, the direction the target arrow was facing. The first block consisted of 28 

neutral trials, followed by two pure blocks of 28 congruent trials and 28 incongruent trials, or vice 

versa to counterbalance possible order effects. Each block of trials began with six practice trials 

with corrective feedback. The difference between scores in the congruent and incongruent trials 

was calculated and taken used as the final score in the current analyses. 

Questionnaires were distributed to parents via their children’s primary schools to collect 

demographic information about the child. This included information about their basic 

demographics (e.g., age, gender, ethnicity) and about the child’s home background (e.g., parents’ 

educational qualifications, housing type, household income, amount of time spent with various 

members of the household on a typical weekday/weekend). 

Procedure 

Participating kindergartens and centers in SKIP distributed parent letters and consent forms 

inviting children to participate in the study. Those children whose parents provided written consent 

in the first wave of data collection were included as SKIP participants. Verbal assent was also 

obtained from children. Data had been collected one-to-one by trained research assistants at school 

sites. To ensure accurate administration, each of the research assistants was trained before the data 

collection and was supervised by another senior research assistant. Prior to the motor tasks, a 
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handedness test was first conducted by asking children to show how they brush their teeth, ring a 

bell, cut a piece of paper with scissors, and draw a tree, in order determine the dominant hand for 

the fine motor tasks and to build rapport. Data collection was conducted over several days in each 

school. Children were assessed for about 45 to 60 minutes and the assessments were administered 

in a fixed order.  

Data Analysis Approach 

IBM Statistical Package for the Social Sciences (version 26, SPSS) statistical software was 

used to obtain descriptive statistics, to examine missing data, and to perform hierarchical 

regression analyses.  

Examining Normality and Parametric Assumptions 

Before starting the analyses, the dataset was inspected for normality and homoscedasticity 

of residual distribution, including looking out for outliers. Following the normality assumptions 

testing methods of Larson-Hall (2015), histograms and p-p plots were charted for each variable. 

All variables, except inhibitory control and letter writing variables, formed histograms with a 

normal bell-shaped distribution and a straight line in the p-p plots. Although there was some 

deviation from normality and homoscedasticity for the inhibitory control and letter writing 

variables, values of skewness and kurtosis did not exceed the acceptable ranges for normal 

distributions (range = -2.00 – 2.00; Byrne, 2010; George & Mallery, 2016). 

Accordingly, the raw data were entered into the analyses. To address the two research 

questions, two sets of analyses were conducted. First, correlations between literacy and fine motor 

skills were performed to check for zero-order relations and multi-collinearity. Second, a between 

group comparison of a subgroup of typical readers and struggling readers on the fine motor 

measures was conducted. Lastly, hierarchical regression analyses were run to examine the amount 
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of unique variance contributed to literacy by the visual-spatial integration predictors for the whole 

sample after controlling for demographic and cognitive variables. 

To examine effects on reading and spelling performance, hierarchical regression analyses 

were employed for the criterion measure. In all analyses, age and maternal education were 

controlled by entering them as a block of control variables in a first step of the multiple regression. 

The non-verbal intelligence, working memory and inhibition scores were entered as a block of 

predictor variables in the second step. Lastly, visual-spatial integration sub-tests were entered as a 

block in the third step. Separate regression models were run for reading and for spelling. 

Results 

Descriptive Statistics 

The descriptive statistics of the variables are presented in Table 1. Judging from the means 

distributions and low range of number of zeros per measure (approximately five children and 

below), there are no obvious floor or ceiling effects of the scores across measures. 
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Table 1 

Descriptive Statistics of Kindergarten Predictors and Primary One Outcome Variables 

Measure N Mean 

(SD) 

Skewness 

(SE) 

Kurtosis 

(SE) 

Min Max 

Age 

(months) 

850 62.96 

(3.89) 

0.01 

(0.08) 

-0.79 

(0.17) 

55 72 

Maternal  

education 

850 7.35 

(2.46) 

-1.05 

(0.08) 

0.02 

(0.17) 

0 11 

K2 Non-verbal 

intelligence 

850 15.90 

(5.09) 

0.39 

(0.08) 

0.16 

(0.17) 

2 35 

K2 Working 

memory 

850 5.35 

(4.45) 

0.48 

(0.08) 

-0.20 

(0.17) 

0 23 

K2 Inhibitory  

control 

850 1.24 

(3.32) 

1.46 

(0.08) 

3.99 

(0.17) 

-10.38 16.96 

K2 Copying 

geometric  

shapes (B-3)  

850 4.78 

(1.61) 

-0.04 

(0.08) 

-0.22 

(0.17) 

0 9 

K2 Spontaneous 

Drawing (B-4) 

850 8.45 

(1.88) 

-0.45 

(0.08) 

0.47 

(0.17) 

0 13 

K2 Letter  

Writing 

(B-7) 

850 21.06 

(6.44) 

-1.39 

(0.08) 

0.67 

(0.17) 

0 26 

P1 English  

Reading 

850 40.17 

(14.44) 

0.11 

(0.08) 

-0.65 

(0.17) 

4 88 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



40 
 

P1 English 

Spelling 

850 20.80 

(4.06) 

0.35 

(0.08) 

0.55 

(0.17) 

6 35 
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Inter-correlations Between All Measures 

The inter-correlations between the predictor variables (age, non-verbal intelligence, 

working memory, inhibitory control, fine motor skills) and outcome variables (reading and 

spelling) were first examined using Pearson correlation (see Table 2). Amongst the fine motor 

measures, though interrelations were significant, the correlation coefficients were low (r’s = 0.06 

to 0.18). Likewise, the literacy measures were significantly but weakly related (r = 0.21), implying 

that while the measures share common fundamental factors, each also measures unique skills. 

There were also moderate correlations between the predictor and outcome variables, particularly 

for reading, which was significantly related to both the control variables and the fine motor 

variables. Spelling was related to visual-spatial integration copying and letter writing, as well as 

working memory. Finally, the cognitive control measures and the fine motor measures were also 

related but weakly, suggesting that they measure discrete aspects. This justifies the approach of 

including each of the variables in the hierarchical regression models and examining the individual 

contribution of each visual-spatial integration skill to reading and spelling. 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



42 
 

Table 2 

Correlations Matrix Among K2 Predictors and P1 Outcome Variables 

Measure 1 2 3 4 5 6 7 8 9 10 

1.   Age (months) 1          

2. Maternal  

      Education 

-0.02 1         

3. K2 Non-verbal 

intelligence 

0.26* 0.14** 1               

4. K2 Working memory 0.16** 0.16** 0.32** 1             

5. K2 Inhibitory control -0.04 -0.04 -0.10** -0.12** 1           

6. K2 Copying 

geometric shapes  

(B-3) 

0.18** 0.02 0.15** 0.12** -0.14** 1         

7. K2 Spontaneous 

drawing 

(B-4) 

0.10** 0.10** 0.18** 0.18** -0.06 0.06* 1       

8. K2 Letter writing  

(B-7) 

0.11** 0.19** 0.25** 0.20** -0.12** 0.18** 0.17** 1     

9. P1 Reading 0.12** 0.34** 0.35** 0.31**   -0.18** 0.13** 0.18** 0.38** 1   

10. P1 Spelling 0.02 0.13** 0.07* 0.17**  -0.00 0.09** 0.06 0.18** 0.21** 1 

Note. N = 850 for all analyses, **p < 0.001 (2-tailed), *p < 0.05 (2-tailed)  
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Between Group Comparison for Typical and Struggling Readers 

From the larger sample, a subset of children were identified by their schools as at-risk for 

reading difficulties as part of the school’s planning for support services. Based on past findings, if 

visual-spatial skills are related to literacy outcomes, it would be expected that typically developing 

readers compared with matched struggling readers at-risk for reading disability would show better 

visual-spatial integration skills. Therefore, differences were expected in the visual-spatial 

integration sub-tests scores between the struggling and typical readers. Children were matched on 

their age and gender. The means and standard deviations for the two groups are reported in Table 

3. Independent-samples t-tests were conducted to evaluate if there was a difference in visual-

spatial integration skills between the two groups (with Bonferroni correction for multiple contrasts, 

α = 0.0167). There was a significant difference in the scores for spontaneous drawing t (133) = -

3.21, p = 0.002, and letter writing t (133) = -6.09, p < 0.001, but not for copying shapes, t (133) = 

-1.10, p = 0.273. 
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Table 3 

Means and SD of Visual-Spatial Integration Subtests Amongst Children With and Without Reading 

Difficulties at Primary One 

Measure/Group Typical Children (N = 66)  Struggling Readers (N = 69) 

 M (SD) M (SD) 

Copying geometric shapes (B-3) 4.54 (1.48) 4.21 (1.90) 

Spontaneous drawing (B-4) 8.14 (1.63) 6.98 (2.47) 

Letter writing (B-7) 20.35 (6.37) 12.02 (9.21) 

 

  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



45 
 

Research Questions One and Two 

1. To what extent do visual-spatial integration skills in Kindergarten Two (K2) predict 

reading scores in Primary One (P1) after controlling for cognitive variables? 

2. To what extent do visual-spatial integration skills in K2 predict spelling scores in P1 after 

controlling for cognitive variables? 

Hierarchical Regression Analyses. Separate hierarchical regressions were run for reading 

and spelling outcomes. The same predictors were entered into each model in the same order for 

each of the two regressions. Step 1 consisted of control variables of age and maternal education. 

Step two included non-verbal intelligence, working memory and inhibitory control. In step three, 

the sub-tests of IED were included, in order to determine the amount of variance in reading and 

spelling outcomes that was explained by children’s visual-spatial integration skills after accounting 

for cognitive abilities. Effect size (Cohen’s f2) was tabulated for each full regression model. 

According to Cohen’s (1992) guidelines, Cohen’s f2 provides the effect size for hierarchical 

regression analyses of the variance in literacy outcomes accounted for by the set of predictor 

variables in the full model. A small effect size of 0.02 is likely, followed by a moderate effect size 

of 0.03 to 0.15 or a large effect size of 0.35 and/or higher.  

Reading. The full model was statistically significant, F(8, 841) = 45.52, p < 0.001, and 

showed a large effect size, f2 = 0.47. This model explained 30% of the variance in reading 

performance. Each block of predictors made a significant contribution to the model (see Table 4). 

After the first step, controlling for age and mother’s education, entry of the cognitive variables at 

step two explained an additional 11% unique variance in reading performance, F(5, 844) = 55.04; 

p < 0.001. Entry of the visual-spatial integration predictors in step three explained an additional 

6% variance in reading performance on top of this. Of the three visual-spatial integration measures, 
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it was only the grapho-motor measure of letter writing that was a significant predictor of reading 

performance, β = 0.24, p < 0.001. 

Spelling. As with the reading model, the full model was statistically significant, F(8, 841) 

= 6.06; p < 0.001, but the overall effect size was small, f2 = 0.05, and the full model accounted for 

only 2% of the variance in spelling performance (see Table 4). Each step of the model was 

significant, and after entry of the block of cognitive variables at step two, the block of visual-

spatial integration measures contributed an additional 1% variance, F(5, 844) = 5.46; p < 0.001. 

Similar to the reading model, only grapho-motor letter writing was statistically significant, β = 

0.14, p < 0.001. 
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Table 4  

 Hierarchical Regression Analysis of Predicting Reading and Spelling Scores

  P1 Reading (N=850)    P1 Spelling (N=850)  

  ΔR2 β t p  ΔR2 β t p  

Model 1  0.13   0.03  0.02   < 0.001  

Step 1 Age (months)  0.13 4.10**    0.02 0.67   

 Maternal education  0.34 10.74**    0.13 3.85**   

Model 2  0.11   0.06  0.01   < 0.001  

Step 1 Age (months)  0.04 1.21     0.01   0.01   

 Maternal education  0.27 9.10**    0.11 3.21**   

Step 2 K2 Non-verbal intelligence  0.24 7.31**    0.02 0.46   

 K2 Working memory  0.18 5.58**    0.12 3.17**   

 K2 Inhibition test (Flanker)  -0.06 -1.93**    0.02 0.57   

Model 3  0.06   < 0.001  0.02   < 0.001  

Step 1 Age (months)  0.02 0.65    -0.02 -0.46   

 Maternal education  0.24 8.08**    0.09 2.60**   

Step 2 K2 Non-verbal intelligence  0.19 5.95**    0.01 -0.36   

 K2 Working memory  0.15 4.74**    0.10 2.64**   

 K2 Inhibition test (Flanker)  -0.04 -1.22    0.04 1.10   

Step 3 K2 Copying geometric 

shapes (B-3) 

  0.02 0.79    0.06 1.67   

 K2 Spontaneous drawing  

(B-4)  

 0.05 1.53    0.01 0.38   

 K2 Letter writing (B-7)  0.24 7.70**    0.14 3.90**   

Note: Statistical significance: **p < .01; Model 3:  F(8, 841) = 45.52,  p < 0.001 (Reading); F(8, 841) = 6.06, p < 0.001 (Spelling). 
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Discussion and Conclusions 

With a large sample (N = 850) of kindergarten children followed longitudinally into the 

first grade of primary school, the current study replicated prior research within a different cultural 

context and educational system and extended the association between grapho-motor skills and 

reading to beginning reading and spelling skills with visual-spatial integration subskills. 

Associations Between Visual-Spatial Integration Skills and Reading and Spelling 

Overall, the results support the hypothesis that visual-spatial skills, specifically 

graphomotor abilities, are related to later literacy achievement. Correlational analyses 

demonstrated a significant relation between letter writing to reading and to spelling skills. Pearson 

correlation coefficients between letter writing and reading were similar to but higher than those 

reported in previous studies (Cameron et al., 2012; Suggate et al., 2018; Suggate et al., 2019), 

whose average coefficient was 0.30 for fine motor skills. Additionally, struggling readers scored 

significantly lower on spontaneous drawing and letter writing but not for copying shapes than 

typically developing children, which supports the relationship between reading and visual-spatial 

integration. This suggests that when a child has difficulty in reading, it may be related to visual-

spatial integration or grapho-motor skills. Examining the longitudinal predictive relations from 

fine motor to later reading skills within the overall unselected sample lends credence to this 

interpretation, as discussed next. 

Predictability of Grapho-Motor Skills for Later Reading and Spelling Achievement 

Hierarchical regression analyses that assessed the direct contribution of kindergarten 

grapho-motor skills to later reading achievement at the beginning of primary school verified the 

claim that early visual-spatial integration skills are unique and significant predictors of beginning 

literacy. The association between letter writing, copying shapes and spelling were also significant, 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



49 
 

but the effect size was small. This could be attributed to the age of the participants and the difficulty 

of spelling letters and words. At a young age, it is reasonable that the children may not have 

developed proper encoding skills needed for a word spelling task. Moreover, the spelling task score 

was based on both letters and words. This association needs to be further investigated, to see if the 

slower developing skills for writing show a longer-term relation to early fine motor ability. Hence, 

results from the current study suggest that both reading and spelling outcomes were most strongly 

associated with fine motor skills for letter writing compared to spontaneous drawing or copying 

geometric shapes in young children.  

There are at least two possible reasons for this lack of association between copying shapes 

and reading and spelling, that had been previously reported. First, in the previous study by Carlson 

et al. (2013) the age range of participants was wide ranging, from five to 18 years of age. The 

current study focused on a relatively narrower age range, from five to six years of age. The older 

participants in Carlson’s (2013) study would have had a fair amount of experience with print and 

fine motor experiences like drawing and copying symbols, more than those in this study. An 

insightful focus for future literacy research would highlight which types of fine motor practice 

might be most beneficial at which age for effective transfer to reading and writing skills. The 

delineation of sub-tests in the current study to separately tap into the specific subskills of grapho-

motor (e.g., letter writing) versus copying shapes and spontaneous drawing, provides further 

clarity on this issue, and, importantly, considers the relative contribution of the subskills at the 

beginning of reading acquisition.  

The results of the current study contribute to the literature by addressing limitations and 

inconsistencies associated with the age of the sample. Given that this age group is still developing 

in terms of their ability to exercise fine motor control, it is commonly reasoned that floor effects 
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might impede the detection of group differences (Cameron et al., 2012). In that view, the 

observations in the current study were from children aged six to seven years old and the children 

were performing reasonably well on all the tasks, with a small number of children scoring zeros 

(approximately five children and below). Hence, findings from this study refutes such claims by 

showing that the relationship between visual-spatial integration can be observed among younger 

children, lending continual support to the validity of the fine motor advantage. Given the pertinent 

role that age plays in such developmental skills, it is within reason for study two, described next, 

to consider placing a greater emphasis on age and fine motor experiences. Hence, extending this 

research down to an earlier developmental phase, in the next study, with a younger sample of 

children could provide an initial identification to the association between fine motor experiences 

and emerging literacy processes. 

These results imply that linguistic skills are related to fine motor experiences when children 

are learning to write English letters compared to when they have to draw objects or shapes that 

have no relation to the script that they are learning in school. This supports Cameron et al.’s 

argument (2016) that visual-spatial integration and reading are especially related when children 

are given opportunities to practice writing in their corresponding language rather than simply 

drawing objects and shapes about which they have no visual-orthographic knowledge (Suggate et 

al., 2018). At a theoretical level, the findings align with the results seen from other past work, 

suggesting that functionalism could partially support the influence that grapho-motor has on 

reading and spelling attainment more broadly. Essentially, having greater letter copying skills may 

facilitate the development of broader cognitive concepts and experiences that would not otherwise 

be as easily accessed (Iverson, 2010; Suggate et al., 2017; Suggate et al., 2016). Specifically, 

children with greater grapho-motor skills may be better equipped than their less dexterous peers 
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to produce or reproduce letters with better accuracy. Having established that grapho-motor skills 

are good predictors of later reading and spelling achievement, further in-depth analyses on the 

effects of different types of grapho-motor assessments on academic performance is necessary. 

Given the expected developmental ‘cascade’ or dynamic interplay of motor and literay skills, the 

next study examines the possible role that visuo-motor coordination (VMC), could play in early 

development of reading and spelling. In particular, what visuo-motor coordination entails and how 

it connects to visual-spatial integration and literacy outcomes. 
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Chapter 4 – Study two: Analyzing the Visuo-Motor Coordination Pathway to Early 

Reading and Spelling via Visual-Spatial Integration Skills 

Following the findings from study one that letter writing significantly predicts later reading 

and spelling achievement, study two aims to extend and disentangle the facets of motor skills 

responsible for the links to academic achievement. Specifically, study two adds to the small body 

of research investigating links between visuo-motor coordination, visual-spatial integration and 

reading and spelling development in preschool children under six years of age. According to 

functionalism, it was hypothesized that visuo-motor coordination should support the development 

of visual-spatial integration or grapho-motor skills, which in turn may lead to the production of 

letters (writing skills), which subsequently supports reading development (Figure 2). Additionally, 

there is a gap in the current research on the motor-literacy link for learning to spell. Hence, the 

under-researched fine motor skills of visuo-motor coordination, grapho-motor skill and spelling 

achievement were the focus of the current study. 

Study one explicitly discussed the interacting relationship between visual-spatial 

interaction experiences and literacy outcomes and confirmed a significant relationship as that 

found abroad. As the preceding study demonstrated significant predictions between visual-spatial 

processes and literacy outcomes measures for both reading and spelling, this shows that these skills 

are important for literacy growth in the early years, although the relation to spelling was weaker. 

The ensuing goal of study two is to examine the interactional relationship of both visual-spatial 

integration and visuo-motor coordination with reading and spelling outcomes using multiple fine 

motor measures and hierarchical regression analyses. This is based on Suggate et al.’s (2018) work 

who suggested that visuo-motor coordination could be a precursor in the development of visual-

spatial integration, since controlling for it did not explain away the relationship between visual-
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spatial development and academic achievement. Additionally, similar to the works of Carlson et 

al. (2013) and Suggate et al. (2018; 2019), it is also informative to examine the differential 

contribution of visual-spatial integration versus visuo-motor coordination to early literacy skills.  

This chapter reports findings from study two, which involves primary data collected 

concurrently for children at two grade levels. This study follows a cross-sectional design with a 

sample of children attending Nursery Two (N2) and Kindergarten Two (K2). Both reading and 

spelling were assessed as the dependent variables, and visuo-motor coordination plus grapho-

motor skills were assessed as the independent, predictor variables. Vocabulary and phonological 

memory were included as covariates.  

Research Question and Hypotheses 

Research Question One. Is visual-spatial integration a significantly stronger predictor of reading 

and spelling skills than visuo-motor coordination?  

Hypothesis One: Visual-spatial integration skills will be a good predictor of reading and 

spelling after controlling for vocabulary and phonological memory.  

Hypothesis Two: Grapho-motor skills specifically (and not other visual-spatial integration 

skills) will be a better predictor of reading and spelling after controlling for covariates of 

phonological memory and receptive vocabulary. 

Research Question Two. Does visuo-motor coordination have a direct or an indirect effect on 

reading and spelling?  

Hypothesis Three: Visuo-motor coordination will show an indirect effect on early 

reading/spelling, following the functionalism perspective that it is a precursor to visual-

spatial integration. Specifically, it is expected that grapho-motor skills may act as a 

mediator in the relation between visuo-motor coordination and literacy. 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



54 
 

Methods 

Participants 

Forty-five children were recruited to participate from kindergartens and childcare centers 

deemed to have a similar socio-economic level (i.e., recruited schools were either private operators 

or non-profit organizations). From these schools, the inclusion criteria for participation included 

having English as a first language. Parents of the participating children from these schools were 

invited to fill out questionnaires on family demographics. Data was collected from (a) 28 children 

in N2, (b) 17 children in K2. The final sample consisted of 45 children (23 girls and 12 boys) with 

an age range between 42 months to 76 months (M = 55 months, SD = 10.71).  

This study received ethical approval by the Institutional Review Board of Nanyang 

Technological University under the project title “Issues related to bilingual proficiency and 

development” (NTU-IRB ref no. IRB-2018-09-062). In coherence with this approval, the author 

collected written consent forms from parents and adult participants and asked children for their 

verbal assent. To recruit child participants, the author contacted private childcare centers and sent 

out invitations to participate in this study as well as written consent forms to all the parents in N2 

and K2. All the children whose parents signed the consent forms were included in data collection. 

During this process, parents were asked to fill in an online questionnaire on their home 

background. Neither parents nor children received any compensation for their participation in this 

study, while children received gifts of stationary as a small token of appreciation. Data from 

children was collected during July and August of 2019. 

Information was collected about basic demographics (e.g., child’s age, gender, ethnicity) 

and the child’s home background (e.g., parents’ educational qualifications, housing type, 
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household income, amount of time spent with various members of the household on a typical 

weekday/weekend). Only age was included as a variable in the analyses.  

Child Measures  

Fine Motor Skills. Visuo-motor coordination was assessed using the Movement-ABC-2 

(M-ABC-2; Petermann, 2009). This test battery was developed by Henderson, Sugden and Barnett 

(2007) to assess children’s motor development. The following three subtests on the first age band, 

typically used with four to six-year-olds were administered to collect information on children’s 

manual dexterity: 

(a) Posting coins: The child holds a box steady with one hand and picks up the coins, one 

at a time, and inserts them into the box as quickly as possible. The time taken to 

complete posting all 12 coins was recorded. Children were instructed to use their 

dominant hands first (two trials) before switching to their non-dominant hands (two 

trials). An average completion time of all four trials was taken as the final score for this 

sub-test.  

(b) Bead-threading: In this task, children were required to take beads, one at a time, and 

thread them through a string. The child practiced with three beads first before beginning 

the trials. Following the M-ABC-2 guidelines, nursery children had to thread six beads 

while the kindergartners threaded twelve beads. Parallel to the posting coins sub-test, 

children were instructed to thread the beads using both dominant (two trials) and non-

dominant hands (two trials). The time taken to complete threading all the beads was 

recorded. An average completion time of all 4 trials was taken as the final score for this 

sub-test.  
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(c) Drawing trail: Children were provided with a A4 sized sheet of paper with an 

illustration of a maze with a picture of a bicycle at the beginning and a house at the 

end. Children were instructed to draw a continuous line from the bicycle to the home. 

Pencil lifts were excused as long as the child continued to draw from the same spot that 

they stopped. As with the other two sub-tests, total time taken to complete the task was 

recorded.  

Children were instructed to perform the three tasks as fast as possible. All children completed 

all tasks accurately. As per standard administration, the average time taken to complete all three 

tasks was taken as the final score and used as an independent variable of visuo-motor coordination. 

The Movement ABC-2 test manual reports good psychometric properties with test-re-test 

reliability coefficient ranging from 0.70 to 0.93 and adequate internal consistency (αcr = .58) for 

all three sub-tests (Peterman et al., 2011). 

A second measure of visuo-motor coordination was the Grooved Pegboard test (Matthews 

& Klove, 1964). The pegboard has 25 grooved holes assembled in a five-by-five matrix. Children 

were asked to insert a peg from left to right in each of the holes. In the child version used in Skogan 

et al (2018) study, children below nine years old only used 10 pegs to fill up the top two rows of 

the pegboard. Similarly, children in this study were required to only insert as many pegs as they 

could within one minute. Two scores were recorded reflecting the number of pegs inserted in a 

minute using first the dominant and second the non-dominant hand. Children had a practice round 

where they filled up the first row and then proceeded to the actual trial round. Trained research 

assistants counted how many pegs could be inserted in one minute, with the rate of pegs insertion 

used as a measure of visuo-motor coordination. Performance on this task using the dominant and 

non-dominant hand was significantly and strongly correlated, r (45) = 0.87, p < .001. The grooved 
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pegboard test has high test–retest reliability (0.91 for right hand and 0.85 for left hands). An 

average rate score of all four trials was converted to z-scores and taken as a final score and used 

as the dependent variable.  

Grapho-motor skills were assessed using a task similar to ones previously reported by 

Suggate et al. (2018) and Lo et al.  (2018) to investigate grapho-motor skills. Instead of measuring 

children’s abilities to copy random symbols, children were presented with symbols2 from three 

languages that varied in familiarity: including English letters, Greek letters, and either Tamil 

Akshara or Chinese characters, depending on the child’s mother tongue language (MTL). Twenty 

symbols from each language were used. Half were high-frequency and half were low-frequency 

letters. Each of the three sets of symbols was printed on an A4 sized sheet of paper, and the children 

had to replicate the symbols in a direct copy condition and in a delayed copy condition, as 

described below. All children completed the English version first, before moving onto the Greek 

symbols and then the mother tongue version (Tamil or Chinese).  

Following the methodology in Lo et al. (2018), in the first condition (direct copying) 

trained research assistants introduced the graphomotor task by presenting a practice item (X) to 

the child. Children were given a response worksheet and a pencil and were asked to copy the 

symbol ‘X’ onto their worksheet. Research assistants were instructed not to call the forms by name 

or demonstrate by tracing over the form to show how it should be drawn. Once the child understood 

the task, the research assistant showed 10 symbols (per English/ Greek/ MTL) to the child and 

pointed to the response worksheet corresponding to the child’s starting item, instructing them “I 

want you to draw some symbols for me. Draw the symbol here”. Children had to reproduce the 

 
2 Letters/characters are referred to as symbols in the grapho-motor copying task.  
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symbol to the best of their ability. This part was not timed. A sum of the total number of correctly 

written symbols in each script was taken as the final score for the first condition.  

In the second condition (delayed copying), children were given another response sheet and 

10 new symbols per script that were presented one at a time. Once the participant indicated that 

they were ready, the research assistant revealed the symbol to be copied for two seconds before 

covering it with another A4 sheet of paper. Immediately after this, the participants were asked to 

write the symbol they saw on their response worksheet. The total correct of 10 symbols per 

language was taken as the final score for this delayed copying section.  

To evaluate the correctness of each copied symbol, a scoring rubric was developed for this 

task adapting from the scoring system developed for the letter writing component of the WRAT-4 

in O’Brien et al’s (2020) study. For each language, a scoring rubric with a five or six-point scale 

was created (see Appendix A). For English, Greek and Tamil, a score of zero was given for 

scribbling (or blanks, no recognizable letters); a score of one was given for up-down or left-right 

reversals of letters or pseudoletters (as letter-like and distinct from drawing); a score of two was 

given for a recognizable letter that was incorrect (i.e., writing of lowercase letters in the English 

version, substitution of Greek symbols with English letters or substitution of long vowels or 

retroflex Aksharas3 in the Tamil version); a score of three was given if the written symbols was 

graphically similar to the target symbol; a score of four was given for the correct 

letter/symbol/Akshara written sloppily (e.g., with gaps, protrusions, additional or disproportionate 

strokes); and a score of five indicated a correct, well-formed letter/symbol/Akshara. Thus, there 

was a total possible score of 100 on this task for the English, Greek and Tamil versions.  

 
3 Aksharas can represent consonants with inherent vowels, short vowels and dipthongs (for a more comprehensive 

description, see O’Brien et al., 2019). 
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The scoring system of Chinese grapho-motor task differed slightly where strokes were 

taken into consideration when scoring the symbols. A score of zero was given for scribbling (or 

blanks or no recognizable characters); a score of one was given if one stroke was missing or added; 

a score of two was given if the overall reproduction of stroke was correct but written sloppily; a 

score of three was given depending on the length (i.e., too long or too short) or reversal of stroke; 

and a score of four was indicated the well-defined shape and position of strokes. This version’s 

total possible score was 80. Raw scores were converted to proportion scores out of total possible 

points in each sub-task. An average proportion score across the three graphomotor versions was 

taken as the final score for direct copying and for delayed copying conditions of the task. At least 

20% of the items in each version were double-scored, and revealed an inter-rater reliability of Κ = 

0.89, indicating good agreement between the raters (Feuerman & Miller, 2008). Discrepancies 

were resolved by consensus and scores were adjusted based on mutual agreement. 

Literacy skills. Reading. Age-appropriate English measures were given to children in N2 

and K2. 

Children in N2 were assessed using a Letter/Sound Identification task (Clay, 1993; 

reliability = 0.95). Children were tested with the uppercase letters. They were asked to name all 

the letters first, and then they were asked to provide the corresponding sounds to each letter. There 

was a total of 26 letters in this task. The total number of correctly read letters and sounds was taken 

as the final score.  

 Kindergarten Two (K2) children were administered the sight word and phonemic decoding 

efficiency tests from the Test of Word Reading Efficiency (TOWRE-2; Torgesen et al., 2012; test-

retest reliability = 0.97 corresponding to a local normative sample). Children were given the 

practice items first to ensure that they understood the instructions. For the actual round, they were 
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given 45 seconds to read out as many words or pseudowords from separate lists as quickly as 

possible. A summed score of both tests was taken as the final score.  

Spelling. Age-appropriate English measures were given to children in N2 and K2. 

Nursery Two (N2) children were administered a letter writing task where they wrote out 

all the letters of the alphabet in sequence starting with the letter A. Time to completion was 

recorded. Both uppercase and lowercase letters were accepted as correct responses. Total correctly 

written letters were summed, so there was a total possible score of 26 for this task.  

Kindergarten Two (K2) children were assessed with The Diagnostic Spelling Test – 

Spelling Sounds to Dictation (DiSTs; Kohnen et al.., 2009; internal consistency, α = 0.94). 

Research assistants said the target sound and the child had to write down the letter or letters that 

corresponded to each sound. A total of 32 items were administered. The final score was a sum of 

correctly spelled letters.  

Since the reading and spelling scores for nursery and kindergarten children were presented 

on different scales, their raw scores were converted to Z-scores for each level separately. The Z-

scores for reading for nurseries and z-scores for reading for kindergarteners were then included 

into the same dataset. The same methodology was applied for spelling scores.  

Linguistic skills. Receptive Vocabulary was measured using the Bilingual Language 

Assessment Battery (BLAB; Rickard Liow & Sze, 2013; split-half reliability for English = .85 and 

for Mother Tongue = .80, with reference to a local sample). The BLAB test is a locally created 

assessment that has been employed in numerous published studies in Singapore (O’Brien et al., 

2019; Pua et al., 2017 to cite a few). Children were shown pictures on a touchscreen iPad and were 

instructed to select one of four pictures that fit the word that they heard on headphones. The task 

was administered both in English and in the child’s Mother Tongue (Chinese or Tamil). In both 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



61 
 

language versions, children were first presented with three practice trials with corrective feedback, 

followed by 60 experimental trials. A difference between total scores attained in both versions was 

calculated and taken as the final vocabulary score for each child.  

To control for cognitive ability, a phonological memory task was used. Phonological 

memory has been shown to play a pivotal role in explaining literacy development and is more 

closely related to reading and spelling skills than general cognitive ability or non-verbal ability.  

Phonological Memory was assessed using a locally developed, computerized version of 

the nonword repetition task by Chiat et al. (2012) and run on a laptop using the Microsoft 

PowerPoint software. For this task, children were presented with a set of pronounceable non-words 

and asked to repeat each item. The items range from easy to difficult in terms of the number of 

syllables. All versions contain items based on phonotactic probability for (a) English (24 items), 

(b) the mother tongue (Chinese or Tamil) (24 items) and (c) a universal set of probabilities (cross-

linguistic) (16 items). The English and cross-linguistic versions of Chiat et al. (2012) and the 

Chinese version developed by another Master’s student were used, and a Tamil version developed 

for another project was used (CRCD 0219OBA). On each trial, children listened to a nonword via 

headphones and were instructed to repeat the non-word. Children’s responses were audio-recorded 

and subsequently marked as correct or incorrect by trained research assistants.  

Trained research assistants scored for number of whole items correct, as per Chiat et al. 

(2012). Whole non-words were counted as correct if they included all the segments in the target 

non-word in the correct sequence. Therefore, if the child had omitted, substituted and/or added 

new sounds, these were counted as errors. To establish coding reliability, two trained research 

assistants independently scored 20% of child data (i.e., nine out 45 participants). Interrater 
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agreement was 80%. The total correct items per list (a, b, c) was calculated and summed as the 

final score.  

Procedure 

Prior to data collection, the author liaised with the center heads or preschool principals to 

schedule the testing dates, organized the research team, prepared training materials, and trained 

the other research assistants on task administration. Data collection was conducted over two or 

three days in each school. Child participants were tested by a group of trained full-time research 

assistants in two assessment sessions of approximately 45 to 55 minutes each and the assessments 

were administered in a fixed order. They were assessed individually in a quiet room assigned by 

the kindergarten or childcare center. All children completed the motor tasks first, then the reading 

and spelling assessments and linguistic tasks. Verbal assent was also obtained from children before 

administering the first task.  

Data Analysis Approach 

IBM Statistical Package for the Social Sciences (version 26, SPSS) statistical software was 

used for all analyses.  Descriptive statistics are first reported (Table 1).  

Numbers of participants with completed data are indicated in Table 1 per variable. All 

measures contained no missing data, except for maternal education which had 50% missing data. 

Maternal education was not included in the analyses due to the large amount of missing data. 

Although age was also excluded prior to conducting the statistical analyses, their assumptions were 

first checked. The dataset was inspected for meeting the assumptions of normality and outliers and 

homoscedasticity of residual distribution, linearity, multicollinearity.  

Firstly, following the normality assumptions testing methods of Larson-Hall (2015), 

histograms and p-p plots were charted for each variable. All variables formed histograms with a 
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normal bell-shaped distribution and a straight line in the p-p plots. Although there was some 

deviation from normality and homoscedasticity for these variables, values of skewness and 

kurtosis did not exceed the acceptable ranges [range = -2.00 – 2.00] for normal distributions 

(Byrne, 2010; George & Mallery, 2016). Additionally, the normal P–P plot confirms this because 

the line depicts a straight line. Next, to find influential outlier cases, Cook’s distances, and 

Mahalanobis distances were used in combination. There were no outliers based on Mahalanobis 

cut off at 18.47 but there were two outliers based off Cook’s distances of 0.1 (calculated from the 

current sample). Analyses with and without those cases did not differ greatly, so they were 

included in the reported results. 

Thirdly, checking for linearity in the relationship between the IVs and the DV, scatterplots 

of the residuals show that this assumption had been met. Analysis for multicollinearity statistics 

showed that this assumption was met, as VIF scores were below 10 (VIF = 1.01-9.36), and 

tolerance scores above 0.1. Hence, the residuals values were shown to be independent. Lastly, 

standardized residuals and standardized predicted scores were plotted, and the scatterplots did not 

show a funnel shape, suggesting the assumption of homoscedasticity had been met.  

To address the two research questions, three sets of analyses were conducted. First, a set 

of hierarchical regression analyses between literacy and fine motor skills were performed 

separately for reading and spelling to evaluate the stronger predictor of performance. Based off 

previous literature (e.g., Carlson et al., 2013; Suggate et al., 2018), phonological memory and 

vocabulary were controlled by entering them as a block of control variables in a first step of the 

multiple regression. The visuo-motor coordination scores from Movement-ABC-2 and pegboard 

assessments were entered as a block of predictor variables in the second step. Lastly, grapho-motor 

direct and delayed copying sub-tests were entered as a block in the third step.  
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Secondly, a set of mediation analyses was conducted to evaluate indirect effects of visuo-

motor coordination to reading or spelling outcomes, with grapho-motor skills entered as a mediator 

(Figure 3 depicts an outline of the analyses). Linear regression models were incorporated using 

the bootstrapping analysis by Preacher and Hayes PROCESS macro for SPSS (Armonk, New 

York). The method is proposed to be effective with small samples (Preacher & Hayes, 2008). 

Specifically, this analysis tested whether visuo- motor coordination (X) had direct effects on 

reading and spelling (Y) or indirect effects via grapho-motor skills (M), as depicted in Figure 3. 

Following Baron and Kenny (1986) and Preacher and Hayes (2008), the following steps were 

taken for the mediation analysis. First, literacy was regressed on visuo-motor coordination, to test 

the direct effect of visuo-motor coordination on the outcome (i.e., c-path or X→Y relationship). 

Second, grapho-motor was regressed on visuo-motor coordination, to estimate the effect of visuo-

motor coordination on the mediator (i.e., a-path or X→M relationship). Third, literacy was 

regressed on grapho-motor, to estimate the effect of the mediator on the outcome (i.e., the b-path 

or M→ Y relationship), controlling for the independent variable (X). The indirect effect was tested 

using a percentile bootstrap estimation approach with 5000 samples (Shrout & Bolger, 2002), 

implemented with the PROCESS macro Version 3.5 (Hayes, 2017). 

Because increased cognitive requirements are expected to be related with copying from 

memory an unfamiliar script as opposed to direct copying a familiar script, it was expected that 

children would score poorly when copying in less familiar symbols embedded in the context of 

the delayed copy condition versus the direct copy condition. Hence, a subsequent multiple 

regression analysis was conducted to examine possible differences between these conditions and 

to test for the role of orthographic knowledge in grapho-motor copying tasks. 
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Figure 3 

Predicted Mediation of Grapho-Motor Skills 

 

 

 

 

 

 

 

 

Results 

Descriptive Statistics 

The descriptive statistics of the variables including measures of central tendency and 

distribution are presented in Table 5. Judging from the distribution (e.g., lower quartiles), skewness 

was not an issue since there are no obvious floor or ceiling effects of the scores across measures.  

  

Visuo-motor 

Coordination (VMC) 
Spelling 

Grapho-motor or visual-

spatial integration (VSI) 

c-path 
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Table 5 

Descriptive Statistics of Predictors and Outcome Variables 

Measure N Mean 

(SD) 

Skewness 

(SE) 

Kurtosis 

(SE) 

Min Max 

Age 

(months) 

45 58.34 

(7.45) 

0.22 

(0.35) 

0.26 

(0.70) 

42 76 

Maternal  

education 

21 9.86 

(0.79) 

-2.39 

(0.50) 

8.65 

(0.97) 

7 11 

Vocabulary 45 10.22 

(13.72) 

0.06 

(0.35) 

-0.16 

(0.70) 

-18 42 

Phonological memory 45 11.20 

(4.64) 

-0.22 

(0.35) 

0.14 

(0.70) 

0 20 

M-ABC-2 

(Visuo-motor coordination) 

45 99.83 

(29.56) 

0.76 

(0.35) 

0.06 

(0.70) 

50.00 172.98 

Pegs  

(Visuo-motor coordination) 

45 0 

(1.00) 

-0.01 

(0.35) 

-0.65 

(0.70) 

-2.13 1.89 

Direct copy 

(Grapho-motor) 

45 0.62 

(0.29) 

-0.64 

(0.35) 

-1.04 

(0.70) 

0.08 0.98 

Delayed copying 

(Grapho-motor) 

45 0.56 

(0.25) 

-0.59 

(0.35) 

-0.44 

(0.70) 

0 0.95 

Reading 45 0.11 

(0.97) 

-0.03 

(0.35) 

-1.01 

(0.70) 

-1.60 2.22 
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Spelling 45 -0.02 

(1.00) 

-0.24 

(0.35) 

-0.79 

(0.70) 

-2.64 1.28 
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Research Question One 

Research Question One. Is visual-spatial integration a significantly stronger predictor of reading 

and spelling skills than visuo-motor coordination?  

Hypothesis One: Visual-spatial integration skills will be a good predictor of reading and 

spelling after controlling for vocabulary and phonological memory.  

To answer the first hypothesis of research question one, the inter-correlations between the 

predictor variables (age, maternal education, vocabulary, phonological memory, fine motor skills) 

and outcome variables (reading and spelling) were first examined using partial Pearson correlation 

(see Table 6). To address the second hypothesis of research question, separate hierarchical 

regressions were run to examine the unique contribution of visuomotor and graphomotor skills to 

the spelling and reading outcomes, while controlling for phonological memory and vocabulary. 

Raw scores of predictor variables and z-scores of outcomes were entered into final analyses.  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



69 
 

Inter-correlations between all measures. Partial Pearson correlations were run to 

determine the relationship between the predictor variables (maternal education, vocabulary, 

phonological memory, visuo-motor coordination measured through Movement-ABC-2 and 

pegboard tests, direct grapho-motor copying and delayed grapho-motor copying) and outcome 

variables (reading and spelling) whilst controlling for age effects (see Table 4). Maternal education 

was not included in the analyses due to the large amount of missing data. Interrelations between 

visuo-motor coordination and grapho-motor skills were not significant for the pegboard task, but 

were moderately correlated for the M-ABC-2 task. Direct copying grapho-motor skills were 

significantly correlated with M-ABC-2 VMC (r’s = 0.57). Also, the literacy measures were 

significantly but moderately interrelated (r’s = 0.45), implying that while the measures share 

common fundamental factors, each also measures unique skills. There were also moderate 

correlations between the predictor and outcome variables: reading and spelling were related to 

both direct and delayed copying, as well as to both copying tasks, but not to the visuo-motor 

coordination measures. Finally, the control measures and the fine motor measures were not related.   
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Table 6 

Pearson Correlations Among Fine Motor, Literacy and Linguistic Variables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: ** p < 0.01 (2-tailed), aMedu = Maternal education, bMeasured in months, cVocab = Vocabulary, dPhono M = Phonological 

Memory, eM-ABC-2 = Visuo-motor coordination measured by Movement-ABC-2, fPegs = Visuo-motor coordination measured by pegs, 
gDirect copy = Grapho-motor skills measured by direct copying, hDelayed copy = Grapho-motor skills measured by delayed copying, 
iRead = English reading scores, jSpell = English spelling scores. 

 

1 2 3 4 5 6 7 8 9 

1. Medua 1.00 
       

 

2. Vocabc 0.32 1.00 
      

 

3. Phono Md 0.24 0.01 1.00 
     

 

4. M-ABC-2e -0.11 -0.08 -0.05 1.00 
    

 

5. Pegboardf 0.11 0.16 -0.20 0.57** 1.00 
   

 

6. Direct copyg 0.26 0.17 0.15 -0.26** 0.15 1.00 
  

 

7. Delayed copyh 0.23 0.21 0.19 -0.15 0.08 0.71** 1.00 
 

 

8. Readi 0.13 0.38 -0.29 -0.09 0.25 0.31** 0.25 1.00  

9. Spellj 0.21 0.29 -0.17 -0.27 0.21 0.51** 0.43** 0.45** 1.00 
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Hypothesis Two: Grapho-motor skills specifically (and not other visual-spatial integration 

skills) will be a better predictor of reading and spelling after controlling for covariates of 

phonological memory and receptive vocabulary. 

Hierarchical Regression Analyses. To address the second hypothesis of research 

question, separate hierarchical regressions were run to examine the unique contribution of 

visuomotor and graphomotor skills to the spelling and reading outcomes, while controlling for 

phonological memory and vocabulary. The same predictors were entered into each model in the 

same order for each of the two regressions. Although age was correlated with the fine motor 

measures, regression models with and without age as a predictor revealed the same pattern of 

results. Given the consideration for statistical power of having a minimum of 10 observations per 

variable, based off the small sample size, age was excluded from the hierarchical regression 

analyses. Step one consisted of control variables of phonological memory and vocabulary. Step 

two included Movement-ABC-2 scores and performance scores. In step three, the direct and 

delayed copying scores were included, in order to determine their unique contribution in reading 

and spelling outcomes after accounting for visuo-motor coordination and cognitive abilities. This 

was done to test the prediction that visual-spatial integration and not visuo-motor coordination is 

the driving force behind early literacy development. Effect size (Cohen’s f2) was tabulated for 

each full regression model. According to Cohen’s (1992) guidelines, Cohen’s f2 provides the effect 

size for hierarchical regression analyses of the variance in literacy outcomes accounted for by each 

predictor variable. A small effect size of 0.02 is likely, followed by a moderate effect size of 0.03 

to 0.15 or a large effect size of 0.35 and/or higher. 

Reading. The full model was statistically significant, F(6, 38) = 2.91; p = 0.02, but the 

overall effect size was small, f2 = 0.04, and the full model accounted for 31% of the variance in 
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reading performance (see Table 7). Each step of the model was significant, and after entry of the 

block of visuo-motor coordination variables at step two, the block of grapho-motor copying 

measures contributed an additional 2% variance, F(4, 40) = 3.35, p = 0.02. However, none of the 

fine motor measures were significant predictors of reading. Only vocabulary (β = 0.33, p = 0.04) 

and phonological memory (β = -0.38, p = 0.02) remained statistically significant in the final model. 

Spelling. As with the reading model, the full model was statistically significant, F(6, 38) = 

5.78, p < 0.001, and showed a large effect size, f2 = 0.51. This model explained 48% of the variance 

in spelling performance. Each block of predictors made a significant contribution to the model (see 

Table 7). After the first step, controlling for phonological memory and vocabulary, entry of the 

visuo-motor coordination skills at step two explained an additional 5% unique variance in spelling 

performance, F(4, 40) = 2.52; p = 0.06. Entry of the grapho-motor copy predictors in step three 

explained an additional 28% variance in spelling performance on top of this. All fine motor 

measures such as direct copying (β = 0.65, p = 0.02), Movement-ABC-2 (β = -0.33, p = 0.03) and 

pegs (β = -0.56, p = 0.02) were significant predictors of spelling, except for delayed copying (β = 

0.28, p = 0.53).  
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Table 7 

Hierarchical Regressions Predicting Children’s Reading and Spelling Scores 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Reading (N=45)    Spelling (N=45)  

  ΔR2 β t p  ΔR2 β t p  

Model 1  0.23   < 0.001  0.15   0.03  

Step 1 Vocabulary  0.44  3.20**    0.34 2.61**   

 Phonological 

Memory 

 -0.27 -1.98    -0.15 -1.03   

Model 2  0.02   0.02  0.05   0.06  

Step 1 Vocabulary  0.38 2.53**    0.34 2.19**   

 Phonological 

Memory 

 -0.29 -2.08**    -0.16 -1.12   

Step 2 M-ABC-2  -0.03 -0.21    -0.20 -1.43   

 Pegs  0.14 0.87    0.08 0.48   

Model 3  0.06   0.02  0.28   < 0.001  

Step 1 Vocabulary  0.33 2.11**    0.23 1.71   

 Phonological 

Memory 

 -0.38 -2.60**    -0.34 -2.67**   

Step 2 M-ABC-2  -0.09 -0.65    -0.33 -2.67**   

 Pegs  -0.18 -0.81    -0.56 -2.75**   

Step 3 Direct Copy  0.20 0.53    0.65 2.00**   

 Delayed Copy  0.26 0.64    0.28 0.79   

Note: Statistical significance: **p < .01; Model 3:  F(6, 38) = 2.91, p = 0.02 (Reading); F(6, 38) = 5.78, p < 0.001 (Spelling). 
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Research Question Two 

Does visuo-motor coordination have a direct or an indirect effect on reading and spelling?  

Hypothesis Three: Visuo-motor coordination will show an indirect effect on early 

reading/spelling, following the functionalism perspective that it is a precursor to visual-

spatial integration. Specifically, it is expected that grapho-motor skills may act as a 

mediator in the relation between visuo-motor coordination and literacy. 

Mediational Analyses. To address research question two, whether visuo-motor 

coordination has a direct or indirect effect on reading and spelling, linear regression models 

were incorporated using the bootstrapping analysis by Preacher and Hayes PROCESS 

macro for SPSS (Armonk, New York) to investigate if the relation between visuo-motor 

coordination and literacy outcomes was mediated by grapho-motor skill. Visuo-motor 

coordination was measured with two tasks: Movement-ABC-2 and grooved pegboard. 

Each were similarly significant predictors along with direct copying in the full regression 

model for spelling. Therefore, each VMC measure was included in a separate mediation 

model. It was important to clarify which test is more sensitive in measuring visuo-motor 

coordination since Movement-ABC-2 provides a timed score while the grooved pegboard 

test is an accuracy test that was converted to a rated z-score hence they were not strongly 

intercorrelated. Further, since the motor skills were only significant in the regression with 

spelling, the mediation models were conducted with spelling outcomes, and not for reading. 

Vocabulary and phonological memory were added into the model as covariates. The 

derived mediation models are shown in Figure 3. Out of the two models tested, only the 

pathways that included visuo-motor coordination measured by pegboard and grapho-motor 

skill measured by direct copying were found to be significant.  
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In the first model, with visuo-motor coordination, measured by the Movement-ABC-2 tool, 

there was no direct effect on spelling skills, B = -0.01, S.E = 0.004, t(41) = -1.57, p = 0.13. 

Similarly, visuo-motor coordination was not a significant predictor of grapho-motor direct copying 

skills, B = 0.02, S.E = 0.18, t(41) = 0.10, p = 0.92, but direct copying remained a significant 

predictor of spelling, B = 0.01, S.E = 0.01, t(40) = 3.33, p < 0.001. The results indicated the indirect 

coefficient was not significant, B < 0.01 S.E = 0.003, 95% CI = -0.005, 0.005. Hence, mediation 

was not supported in this model.   

In the second model, when visuo-motor coordination was measured using the pegboard 

task, as depicted in Figure 4, a significant mediation effect emerged. Results indicated that visuo-

motor coordination was a significant predictor of grapho-motor direct copying skills, B = 25.98, 

S.E = 4.33, t(41) = 5.99, p < 0.001, and that grapho-motor direct copying skills was a significant 

predictor of spelling, B = 0.02, S.E = 0.01, t(40) = 3.73, p < 0.001. These results support the 

mediational hypothesis. Beta coefficient from visuo-motor coordination predicting spelling was 

reduced from B = 0.12, S.E = 0.16, t(41) = 0.76, p = 0.45 to B = -0.36, S.E = 0.19, t(40) = -1.92, p 

= 0.06, after controlling for the mediator, grapho-motor direct copying, consistent with complete 

mediation. Approximately 38% of the variance in spelling was accounted for by the predictors (R2 

= 0.38). The indirect effect was tested using a percentile bootstrap estimation approach with 5000 

samples (Shrout & Bolger, 2002), implemented with the PROCESS macro Version 3.5 (Hayes, 

2017). The results indicated the indirect coefficient was significant, B = 0.48, S.E = 0.12, 95% CI 

= 0.30, 0.76.  
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Follow-up Analysis. As highlighted in the literature, since grapho-motor copying skills 

are dependent on orthographic knowledge, it was expected that greater orthographic knowledge 

(or reduced cognitive demand) from copying a familiar script like English would contribute to 

English spelling. To tease this relation apart, a multiple regression was carried out where three 

independent copying task scores (one per script) were entered into the model rather than a 

combined copying task score as in the models above. This was to investigate whether directly 

copying symbols from the three different scripts could significantly predict spelling scores. The 

results of the regression indicated the model explained 18.6% of the variance and that the model 

was a significant predictor of English spelling performance, F(3, 41) = 3.12, p = 0.04. Only English 

graph-motor copying scores contributed significantly to the model (B = 1.05, p = 0.01). The 

findings were the same in the delayed copying condition. The regression model explained 31.5% 

of the variance and was a significant predictor of English spelling performance, F(3, 39) = 5.98, p 

< 0.001. Once again, only English graph-motor copying scores contributed significantly to the 

model (B = 0.69, p < 0.01). 

Figure 4 

Complete Mediation of Visuo-Motor Coordination and Spelling Skills Through Grapho-Motor 

Skills 

 

 

 

 

 

 

 

Visuo-motor 

Coordination (VMC) 
Spelling 

Grapho-motor or visual-

spatial integration (VSI) 

0.12 
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Discussion and Conclusions 

Reading and spelling are assembled skills involving multiple underlying mechanisms. Past 

approaches to studying a fine motor relation to reading outcomes have either only measured 

directly visual-spatial integration process/grapho-motor or indirectly measured the influence of 

visuo-motor coordination to the equation by controlling for visuo-motor coordination process in 

hierarchical regression analyses (e.g., study one). Here, in study two, the author has proposed for 

studying the development of the discrete elements of fine motor skills in young preschoolers along 

with a mediation approach. Children’s concurrent visuo-motor coordination, grapho-motor skills 

and early reading and spelling skills were examined with preschool children in study two.  

Predictability of Visuo-Motor Coordination and Grapho-Motor Skills for Reading and Spelling 

Achievement  

The first research question was answered using hierarchical regression analyses. The 

findings extend past work (Carlson et al., 2013) by first revealing a strong link between visuo-

motor coordination and spelling as well as between grapho-motor and spelling over and above the 

influence of phonological memory and receptive vocabulary. Given that memory may be 

influenced by orthographic language, and that past work has found differences between direct and 

delayed copying (Lo et al., 2018), these two conditions were included in the current study. 

Regression analyses revealed grapho-motor skills to be stronger predictor of spelling than visuo-

motor coordination skills. However, this was only true for the direct copying condition. Delayed 

copying did not contribute to the variance in spelling and this may be due to a mix in variables in 

the types of symbols to be copied: from less (Greek and mother tongue) to more familiar (English) 

grapho-motor copying. Additionally, in contrast to study one, the fine motor tasks only predicted 

spelling performance while the pathways from fine motor to reading were not significant. This was 
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dissimilar to the findings from previous studies on fine motor skills and reading. The difference 

could be attributed to the uniquely designed grapho-motor task with no overlaps in assessing visuo-

motor coordination. Spelling then seems like a more proximal outcome of fine motor visual-spatial 

integration than reading, even as their co-development converges and diverges over the early years. 

Mediation of Visuo-Motor Coordination and Spelling by Grapho-Motor Skills (Functionalism) 

The mediational analyses conducted to address the second research question supported the 

hypothesis that visuo-motor coordination will show an indirect effect on early reading or spelling, 

following from functionalism that it is a precursor to visual-spatial integration. As far as the author 

has found, study two is one of the first two studies to explore mediators in the relationship between 

fine motor development and spelling outcomes. Visuo-motor coordination did not directly predict 

spelling since there was no significant predictive relation between the two variables. Instead, the 

effect of visuo-motor coordination (i.e., pegboard task) on spelling was fully mediated by grapho-

motor skill. The addition of direct grapho-motor copying skills explained a large portion (61%) of 

the total spelling outcome. The findings of this study add to the findings regarding grapho-motor 

copying skills from studies on reading outcomes (Carlson et al., 2013; Suggate et al., 2019) and 

early grapho-motor development. A follow-up to the mediational analyses confirmed the 

expectations that children were significantly better at copying familiar letters compared to 

unfamiliar symbols (Fears & Lockman, 2018).  

Placing pegs into a pegboard requires the extensive use of fingertips compared to the 

Movement-ABC-2 tasks, and this skill was closely related to spelling outcomes. The results 

indicate that children’s reading and spelling development involve not only vocabulary skills but 

also fine motor skills. It confirms that dexterity and precision are essential developmental steps 

towards copying symbols or letters. Although early literacy skills and fine motor skills are two 
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different domains, they develop concurrently during early childhood and both are essential for 

spelling development. The results of study two also show that Movement-ABC-2 may not be a 

good measure for the six-year-olds who could mostly complete the task accurately and quickly. 

Since most six-year-olds can post coins, thread beads and trace relatively well, there was a ceiling 

effect on the Movement-ABC-2 measures for this age group. In addition, this was evident in the 

slightly more positively skewed distribution of the Movement-ABC-2 scores compared to the 

normally distributed pegboard scores for the six-year-olds to reflect faster reaction times. Since 

one-third of the sample consisted of six-year-old children, and the task was not sufficiently 

challenging to show variations amongst these children, more sensitive tests over a wider age range 

like the pegboard will be more informative as shown by the findings from this study. 

Comparison of Graphomotor Copying Across Symbol Familiarity 

As expected, kindergarteners were scoring better than the younger nursery children on both 

the direct and delayed copying task. In the same manner, K2 children outperformed the N2s in all 

copying symbols from all three languages. Given that this sample comprised of mixed variables 

and a composite of N2 and K2 children with predominantly English-Chinese children, further 

research is needed to confirm if these patterns are statistically significant with a larger sample of 

both levels and different language groups.
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Chapter 5: Findings and Discussion 

Studies on fine motor competency conducted over recent years demonstrate that grapho-

motor, visual-spatial integration and visuo-motor coordination influence reading and spelling 

across various age groups and stages of development but the details of how these skills interelate 

and co-develop is unclear currently (Rhemtulla & Tucker-Drob, 2011; Cameron et al., 2012; 

Muluk et al., 2014; Grissmer et al., 2010). These findings support the functionalism perspective 

with fine motor abilities acting as possible catalysts for further development, in that some motor 

abilities (e.g., grapho-motor) may be needed as a prerequisite skill for the attainment of early 

reading and spelling skills.  

As noted in the literature review in chapter 2, several studies find that motor skill 

contributes variance to explaining individual differences in reading. The majority of studies thus 

far focus mostly visual-spatial integration and reading in the last four stages (i.e., object 

manipulation stage two, copying, controlled movement and precision). Few studies include visuo-

motor coordination or grapho-motor skill or investigate their relationship with reading and spelling 

skills, particularly at the early preschool level. In this dissertation, a fascinating developmental 

story surfaced wherein fine motor skills appeared to link to reading and spelling at earlier ages 

than proposed in the literature. 

Therefore, with reference to the proposed developmental stages (Figure 1) and the types of 

studies conducted at each developmental stage, the author explored the longitudinal as well as 

concurrent relationships among children’s fine motor skills and early reading and spelling skills. 

There are two studies included in the dissertation. A first step was to identify if the variables (i.e., 

visual-spatial integration or grapho-motor, reading and spelling) were related. Hence, study one 
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was designed to validate the international findings of the visual-spatial integration and reading 

pathway within a local sample and to test if this link also exists with spelling. The second step was 

to include the various subskills that develop at different times or developmental phases. Study two 

extended the motor-literacy model to include visuo-motor coordination, another important 

component of fine motor skill. In study one, a total of 850 children were longitudinally followed 

from K2 to P1. Given the complex relation over development and to gain a broader perspective 

cross-sectionally on the link between fine motor skills and literacy processes, a younger sample of 

nursery and kindergarten children were examined in study two. For study two, 45 N2 and K2 

children were assessed on the contribution of their grapho-motor, and visuo-motor coordination 

skills to their reading, and spelling outcomes, while controlling for cognitive variables. The 

significance, limitations and future directions arising from the two studies are discussed below. 

Discrepancies in Prior Literature and Resolutions from Studies One and Two  

Study One 

The findings of study one support previous evidence that fine motor proficiencies and 

literacy outcomes are interrelated, generalizing the result to a new cultural context with a 

Singaporean sample. In line with past work, visual-spatial integration is a unique and important 

contributor to literacy acquisition, following two expectations. First, across all readers, visual-

spatial integration processes contributed significant unique variance to both later reading and 

spelling after controlling for cognitive inhibitory control and working memory. Second, poor 

readers were expected to differ not only in their reading skills but also in their visual-spatial 

integration scores. This was confirmed in between group comparisons of good and poor readers 

when age and gender were controlled for. This study extends previous work in several ways. First, 

the types of fine motor skills and their differential contribution to literacy were examined. Second, 
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literacy skills of both reading and spelling were included in the investigation of outcomes. Third, 

the age range across this longitudinal study was focused on the developmental time period when 

both fine motor skills and reading and spelling are rapidly being acquired.   

Study one adds to the body of knowledge about the relationship between motor skills and 

reading and spelling in several ways. First, taking a longitudinal approach, the direction of this 

relation – from earlier fine motor skills to later literacy skills – could be better understood. The 

study validates the relationship between visual-spatial integration/grapho-motor and reading skills 

and extends this link to spelling outcomes. To examine the role of visual-spatial integration on 

reading and spelling processes, several demographic and cognitive factors were systematically 

controlled within each step of the hierarchical regression analyses so that the specific contributing 

effect of each predictor could be analyzed. Thus, the unique contribution of motor skills beyond 

these controlled variables was shown and suggests that the fine motor-to-literacy link is not just 

incidental to working memory, executive function, or nonverbal ability effects.  

A second contribution of study one is the methodical attempt to differentiate the routes 

driving the motor-literacy link. Understanding the distinctive contributions of each of the 

components (visuo-motor coordination, visual-spatial integration and grapho-motor) is essential 

in addressing the mechanism underlying this link: that is, how different fine motor experiences are 

associated with literacy skills. For example, in past work that examined the relationship between 

fine motor skills and reading achievement, it was noted that most studies (with the exception of 

Carlson et al., 2013, and Suggate et al., 2019) combined the effects between these two components. 

In the current dissertation, visual-spatial integration was isolated, and further divided into tasks 

measuring specific visual-spatial integration skills -- drawing, copying and writing from the IED-
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III assessment tool - examining these subskills independently in their association with literacy 

outcomes.  

Third, study one extends earlier work by Carlson et al. (2013), who looked at children aged 

five to 18 years, in selecting a more specific age group to evaluate the visual-spatial integration 

pathway longitudinally. This age group was selected because they are in between the final 

developmental stages of controlled movement and precision. By focusing on K2 children, who are 

finalizing fine motor skills and just beginning their literacy competencies, one can gain a better 

understanding of developmental trajectories at this critical juncture in both skill sets, and how early 

visual-spatial motor experiences may contribute to literacy outcomes. Additionally, the author 

focused on discrete aspects of visual-spatial skills to yield more precise associations between fine 

motor and reading and spelling skills. Given that this age group is still developing in terms of their 

ability to exercise fine motor control, it is commonly reasoned that floor effects might impede the 

detection of group differences (Cameron et al., 2012). In that view, the observations in study one 

were from children aged six to seven years old and the children were performing reasonably well 

on all the tasks. Hence, findings from this study refute such claims by showing that the relationship 

between visual-spatial integration can be observed among younger children, lending continual 

support to the validity of the fine motor benefit.  

Study Two 

Study two extends the work of past studies as well as of the findings from study one in 

several important ways. At a theoretical level, study two examined the routes of fine motor 

experiences on reading performance at an earlier developmental phase - object manipulation stage 

one - than previously examined. In the analyses reported in study two, the relation of fine motor 

skills subcomponents to early literacy indicators was examined with children younger than five 
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years of age. As proposed by Kim et al (2017), following the functionalism perspective, at the 

early stages of fine motor development it was expected that visuo-motor coordination would 

directly drive the initial phases of learning to read or spell. In contrast to this proposition, the 

findings revealed that visuo-motor coordination appeared to work through grapho-motor skill 

rather than as a precursor. To confirm this, future research should aim to conduct the same analyses 

with the nursery and kindergarten samples as separate groups since the sample in study two 

combined both age groups.   

Secondly, as far as the author is aware, study two is one of the two studies examining 

mediating relations amongst motor and literacy skills. Suggate et al., (2019) tested a different 

mediation model, exploring grapho-motor skills as a mediator to handwriting, which in turn 

contributed to reading for six-year-olds. Instead in study two, a direct mediating relationship was 

drawn from grapho-motor to reading or spelling to understand its influence as a mediator variable, 

as predicted by functionalism (e.g., Suggate et al., 2018). Adding grapho-motor as a mediator made 

for a good model for spelling but not for reading. This is in line with the notion that while reading 

and spelling skills depend on a similar knowledge base, they are not identical processes. It is also 

evident that fine motor is a piece of the literacy learning process and some researchers have also 

shown that handwriting skills (from ages 6 and beyond) may contribute to reading and spelling 

(Abbott et al., 2010; Puranik et al., 2018). As children develop in their copying skills (Figure 1), 

and eventually start developing the ability to copy letters (controlled movement stage), that is the 

period of opportunity to get children started on copying alphanumeric instead of copying random 

shapes and symbols. Additionally, this study included linguistic measures involving phonological 

memory and vocabulary unlike in previous work (Cameron et al., 2012; Suggate et al., 2019), to 

control for individual differences and examine motor effects beyond these skills.  
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These analyses speak to the perspective derived from functionalism theory, and as proposed 

in the literature (Cunningham & Stanovich, 1991; Lo et al., 2018), that increased opportunities to 

practice fine motor skills in early childhood classrooms may provide children with a literacy 

advantage. Regardless of the copy condition (immediate or delayed), kindergarten children 

consistently scored lower on the unfamiliar script as compared to familiar letters, whereas there 

was a fair amount of variation for nursery children. While this result could not be tested statistically 

within the scope of this study, it implies that greater mastery of orthographic rules through 

physically copying or writing the letters may allow for better accuracy and automaticity in 

encoding process,  

In addition, a few operational considerations in study two are important to note. Age-

appropriate reading and spelling tasks were administered to the younger nursery children. 

Furthermore, the grapho-motor copying tasks attach theoretical and practical significance to the 

currently existing tools of fine motor measures. The task was found to be easy to understand and 

manage and were not frustrating, especially for the younger nursery children. 

Potential Limitations 

The findings of this Masters’ project have provided insights into preschool children’s fine 

motor relation to their reading and spelling achievement. However, generalization of the findings 

from study two might be constrained owing to some methodological issues. The small sample (n 

= 45) in study two was the most notable limitation in this project. An original plan to recruit twice 

the number of children in each grade level was untenable due to unforeseen current circumstances, 

as data collection at schools had to be terminated earlier than expected due to closure to outside 

visitors during COVID 19 restrictions. A larger sample in future studies that retains the 

representativeness of Singaporean preschool children may enhance statistical power of analyses. 
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Furthermore, while the hierarchical regression and mediational analyses in study two showed 

significant contributions from fine motor scores, a larger sample would help to reduce the 

likelihood of Type 1 error or elucidate any significant relations that were missed in this project. 

Findings from both studies seem to suggest relations between fine motor skills and reading and 

spelling. However, this would need replication with separate age groups as well as different 

bilingual language group of adequate size.  

Another limitation of this dissertation would be the difficulty in finding appropriate fine 

motor measures as well as early reading and spelling skills for the nurseries as noted in the 

literature review. For instance, similar to other fine motor studies, the letter writing sub-test, from 

the IED-III was used as a grapho-motor predictor in study one. However, this same task was 

employed in study two to assess early spelling skills in nursery children. An area for future 

consideration may be to explore how the measure may have differed in each study and how it is 

treated in various literatures across motor and literacy development, to bring these two fields closer 

together.  

Directions for Further Research  

While the second study did have a sample size limitation, the overall outcomes between 

the two studies can be extended upon in a couple of ways. First, provided that children at different 

age and levels have differentiated abilities, it may be advantageous to investigate how the results 

of the current project might vary in an older and bigger sample (e.g., Primary Three). It would be 

especially valuable to observe how grapho-motor skill facilitates and supports older children’s 

literacy development in terms of phonemic awareness and morpheme decoding. This is particularly 

important in a bilingual learning environment like Singapore where one language has a richer, 

more dominant presence in education and societal contexts. Particularly, the weaker language 
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input (e.g., mother tongue languages, MT) may result in a delayed or protracted development of 

literacy skills (for MT), such that older children may benefit from what would be first language 

literacy supports (grapho-motor practice) typically given earlier at P1. Given that both studies 

focused on English, future work could include cross-examination of copying letters in English 

with copying in other languages. In addition, future work may employ a quasi-experiment design 

in preschool classrooms to make certain the potential causes and effects of focusing on grapho-

motor copying with children who have developed a form of mastery at the copying stage. Future 

work can also consider combining the methodology of both studies - longitudinal and mediator 

models that allots for a more direct test of functionalism. 

Additionally, there is copious data detailing the possible influence of home literacy 

environment on children’s reading and spelling development, for instance, the quality and quantity 

of caregiver-child interactions and shared book reading at home (Habib et al., under review; 

Murray & Yingling, 2000). These variables should be considered in future studies. Likewise, 

research has indicated that the quality of early childhood education settings and curriculum may 

impact children’s language learning (O’Brien et al., 2020). Consequently, fine motor activities 

could be considered as part of the quality metrics in literacy classrooms.  

Implications 

The findings from both studies are with practical applicability. In the first order, the 

growing body of work connecting fine motor skills to cognitive skill (Martzog, 2015), vocabulary 

development (Suggate & Stoeger, 2014, Suggate et al., 2017), reading (Cameron et al., 2012; 

Carslon et al., 2013; Suggate et al., 2019), and now spelling lends weight to the idea that early 

years’ activities supporting fine motor skills, such as purposeful play in the Singapore scene 

(Bautista et al., 2019) and art activities (Suggate et al., 2016), may promote academic skills in the 
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long run. The findings from this dissertation suggest that a typical early childhood curriculum that 

likely encourages fine motor skill growth, specifically visuo-motor and grapho-motor skills seem 

vitally important given the broad related outcomes. Theoretically, more attention needs to be given 

in terms of developing and fine-tuning theoretical models associating domain-general precursors 

like fine motor skills with reading and spelling performance in preschool classrooms.  

The results support grapho-motor copying skills as an important component to successfully 

foster spelling development. The findings do not imply visuo-motor coordination to be 

insignificant.  In this regard, visuo-motor coordination may represent a basal ability, grapho-motor 

development proceeds from this basic sensorimotor skill to conceptualize and reproduce 

orthographic information such that mastery of these foundational skills may serves later academic 

abilities. At a theoretical level, the findings once again align with the results seen from other past 

work, suggesting that targeted interventions could support better learning so that would be an 

application of the functionalism theory. Essentially, enhanced visuo-motor coordination skills 

could expand grapho-motor skill development and facilitate the growth of broader cognitive 

concepts and experiences that would not otherwise be as easily accessed (Iverson, 2010; Suggate, 

Stoeger, & Fischer, 2017; Suggate et al., 2016). That is, children with entering preschool with 

better visuo-motor coordination skills may readily pick up writing skills relevant to reading or 

spelling as compared to their less dexterous peers.  

Presumably, children with greater visuo-motor coordination may be better positioned than 

their less nimble-fingered friends to represent letters with drawing with their fingers, presenting 

them with a tangible and convenient apparatus for exploring letters at early ages. Importantly, it is 

possible that the inconsistency in visuo-motor coordination skills to spelling relations seen at 

younger ages demonstrates that cascading effects from motor to language are limited in time. The 
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dynamic relation of visuo-motor coordination to literacy via visual-spatial integration is rapidly 

changing at this period of development. Hence, behaviors such threading, posting and tracing 

compared to working with tasks that require finer dexterity movements (e.g., inserting pegs) may 

no longer promote the same degree of development in language abilities, especially since pegboard 

task was found to be most closely aligned with spelling, once the child reaches a certain level of 

mastery and the behaviour ceases to be novel.  

Ultimately, the implication for education in general is that while children enter 

kindergarten with some pencil operation skills, practicing these grapho-motor skills would be best 

conducted with corresponding linguistic symbols rather than drawing non-linguistically related 

objects or shapes. This is because the extent to which a child can achieve automaticity with writing-

related tasks may determine the amount of cognitive capacity left unconstrained to focus on other 

learning objectives, including encoding words for spelling or decoding for reading. In contrast, 

children who struggle to hold a pencil and who must attend to the specific movements that are 

needed to form letters will not be able to progress as quickly in the cognitive tasks of decoding 

longer words, reading for comprehension and connecting letters with their sounds. 

Conclusion 

In conclusion, the findings of this dissertation brought confirmation to the interrelationship 

between fine motor proficiencies and literacy outcomes, generalizing the result to a new cultural 

context with a Singaporean sample. This dissertation extended prior knowledge on the relations 

between motor abilities and early reading in several essential ways. Firstly, as noted in the 

literature review, studies have shown the close links between shared developmental and cognitive 

processes and the roles these variables play in fine motor development and early reading (Cameron 

et al., 2012). Both studies included a host of cognitive, developmental (e.g., age or maternal 
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education) and early literacy assessment and thereby rightfully accounted for any shared 

developmental and cognitive processes. Next, grapho-motor was identified as a unique and 

important variable to literacy acquisition due to the characteristic effects observed from the motor-

linguistic interaction in the two studies. Hence, by virtue of adding grapho-motor as a mediator to 

reading and spelling and discovering that the best model consisted a path from grapho-motor to 

spelling, it appears that copying skills have unique effects on spelling, consistent with the 

functionalism perspective (Suggate et al., 2018). Finally, inclusion of a longitudinal design (in 

study one) and concurrent examination of specific fine motor skills at a younger age (in study two) 

support the hypotheses that visuo-motor coordination and visual-spatial integration processes 

(including grapho-motor) contribute significant unique variance to both later reading and spelling. 

Therefore, both grapho-motor skills and visuo-motor coordination have an important connection 

with reading and spelling at different developmental stages in a child’s learning that must not be 

overlooked. 
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