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Abstract

The focus of this study was to identify when tools, materials and adhesive
methods were introduced into the primary school and to explore the links to the
development of fine motor and manipulative skills. A significant phase in child
development is located in primary school, which in Queensland schools begins in the
prep year and progresses through to year six (ages five to twelve). The formalisation
of the curriculum and growing independence of children’s movements means greater
access to a wider variety of ideas, understandings, skills, tools and materials as the
children progress through the primary school years. It is a child’s right to learn about

and access new tools, materials and adhesive methods.

There are expectations that cognitive and creative skills inherent in the
STEAM discipline areas will become critical in formal education as part of the skills
for the twenty-first century. Paralleling the growth in discipline knowledge is the
continued growth of curiosity and wonder, critical and creative thinking,
collaboration and communication as well as the physical development of the child,
including greater control and competence in fine and gross motor skills. Teachers are
responsible for providing learning experiences and opportunities that enable the child
to develop the strength, dexterity and competence in the use of tools to engage with

materials in safe and novel ways.

This study investigated the specific tools and materials accessed throughout
primary school via a quantitative survey phase, then followed by a qualitative phase
using semi-structured interviews. The survey was completed by one hundred and
seventy-two individual teachers (N=172). An initial analysis of this data provided
questions for the targeted interviews (N=12).

This study calls into question the experiences and opportunities offered to
children in the primary school to learn and grow with the use of tools, materials and
adhesive methods as an avenue to explore and develop their curiosity and create new
and innovative products for their satisfaction and future employability opportunities.
It found that the identified range of tools and materials do not match with current
trends in skills and knowledge required for the twenty-first century. Teachers

identified limited funding, time, professional skill development and narrowing of the



curriculum as major reasons for reduction in the provision of experiences in hands-

on activity.

The narrowing focus of educational experiences does not reflect the spirit of
the Convention on the Rights of the Child, especially article 29 UNICEF (1989), in
physical development nor the practical experiences needed to enhance learning in the
science, technology, arts or mathematical fields touted as the disciplines critical for
the twenty- first century. The failure of education authorities to ensure effective
learning opportunities are enacted has led to the inability of children to effectively
develop competencies and strength in fine motor control to use tools, both traditional
and modern, and that severely limits their future learning and therefore employability
skills. The ability to construct, deconstruct and problem solve new products in the
twenty-first century are dependent upon the ability to manipulate and use tool and

materials established in primary school.
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United Nations Rights of the Child Article 29
Parties agree that the education of the child shall be directed to:

The development of the child’s personality, talents, and mental and physical abilities
to their fullest potential. UNICEF (1989, p. 5)

1 Introduction

The focus of this exploratory research study was to identify what tools,
materials and adhesive methods children in Southern Queensland primary schools
currently use and what influences impacted upon their use. The use of tools and
materials has been identified as supporting the growth of the child’s physical and
cognitive skills including those identified as life and vocational skills and are used
across all primary school curriculum areas. In twenty-first century Queensland,
developing these general skills that transcend specific curriculum discipline areas is
highlighted within the notion of UNESCQO’s (2016a) “transversal competencies” (p.
4). The use of tools and materials is also part of the Australian Curriculum focus on
science, technology, arts and mathematical manipulative skills as highlighted in the
design technologies aims, “manipulating a range of materials, systems, components,
tools and equipment creatively, competently and safely” (Australian Curriculum
Assessment and Reporting Authority, 2014e, p. Aims).

This chapter will highlight the focus of the study and how the researcher
identified the research questions. The chapter focusses on the developing education
of the whole child including physical development and fine motor control in
manipulating tools. It highlights the significance of the use of tools, materials and

adhesive methods and related concerns of safety and child development.

1.1  Focus of study

This study identifies the use of tools and materials and associated adhesive
methods introduced over the primary school years with links to how children develop
their physical skills to the fullest, including fine motor and manipulative skills. It
aims to provide insights into how improved access to activities that promote fine
motor and manipulative skills, as part of their development in educational general
capabilities (Australian Curriculum Assessment and Reporting Authority, 2014b),

can promote children’s confidence, creativity, innovation and well-being. The thesis



will start with a brief review of contemporary influences on the rights of the child to
an education and what education means within an information rich society and what
educational influences are deemed imperative for the future of society. The use of
tools is mentioned at different levels of formal education, as well as early childhood
and post formal schooling. It will track these influences in chronological order from
international, national and state perspectives.

From birth, a child starts to engage with gripping and grasping within reach.
Fine motor skills develop alongside proximal gross motor skills such as upper arm
muscles. “Fine motor skills refers to the movement and control of small muscle
groups including hands, wrists, fingers, feet and toes” (Early Childhood Education
and Care, 2017, p. 17). Physical growth of the child develops in parallel and in
conjunction with cognitive understanding. “Furthermore, motor and cognitive skills
would appear to develop hand in hand, because the same mechanisms of the central
nervous system are responsible for controlling both motor and cognitive skills in
parallel” (Finnish National Board of Education, 20123, p. 8).

Children continually grow and develop their skills and understanding in the
years before foundation year of formal school and the students gain greater control of
their manipulative muscles as they start to engage with real everyday tools. “Tactile
information from the fingers is necessary to adjust the grip to the weight and friction
of the object” (Henderson & Pehoski, 2006, p. 10) Early years curriculum
documentation in Queensland refers to development of fine-motor within the section
on health and physical education by stating, “Children build a sense of well-being by
using and extending the fine motor skills when integrating movements and
manipulating equipment, tools and objects” (Queensland Studies Authority, 2006, p.
57). Brown (1981) in linking perceptual-motor and music programmes, “concluded
that an integrated program of physical education/music based on the concepts of
Kodaly and Dalcroze for 15 children, ages 4 to 6 yr., led to significant improvement
in their motor, auditory, and language aspects of perceptual-motor performance” (p.
157).

Further, the child should start to engage with actual tools that are part of
everyday life such as knives and forks, and not just imitation toy plastic tools.
Children are often taught the need for safety in the handling of everyday tools by

family members, such as through controlled supervised introduction of knives to cut

2



food items such as fruit where sharp knives are essential. As Cryer (1996) stated “use
sharp paring knives with sturdy handles” (p. 187), when actively engaging young
children. The year three and four band description of the Australian technologies
curriculum states “as the child moves through primary school year levels these fine
motor skills are continued to be developed... They do this through planning and
awareness of the characteristics and properties of materials and the use of tools and
equipment” (Australian Curriculum Assessment and Reporting Authority, 2018a

band description, technologies).

Flinn and Patel (2016) suggested that in building structures the following
tools may be appropriate, “scissors, hack saws, craft knives, metal ruler, bradawl,
hand drill, pine, hammer, nails, and ties” (p. 47). The suggestion here is that there is
a developmental continuum of fine motor skills from prep to year six that evolves
with the specific addition of tools across year levels. However, even though primary
school teachers believe in the importance of developing fine motor skills as part of
general capabilities it is noted that there is not a specific section within the general
capabilities of the Australian Curriculum reflecting the physical development of
children. In common discussions with teachers it has been mentioned that fine motor
skills and hand strength of children can lead to poor handwriting because of poor

pencil control and that children struggle with hand-writing because of it.

There is a growing body of evidence to suggest that young children’s fine and
manipulative skills are an indicator for future cognitive success. “Toys that
encourage fine motor skills have the added benefit of growing the brain, especially
the parietal cortex” (The Toy Association STEM/STEAM Strategic Leadership
Committee, 2018, p. 11). The playing with toys adds sensory information to their
interpretation of an object as they manipulate it. “A child’s development can be
affected by how they process and use sensory information” (Western Australian
Government, 2013a, p. 1). The Finnish National Board of Education (2012b)
suggested that “the changes brought about by physical activity in brain structures and
functions create additional possibilities for learning” (p. 8). Owen and McKinlay
(1997) highlighted that “overall, there is strong evidence for a correlation between
DSLDs (developmental speech and language disorders) and motor difficulties” (p.
324). This development of fine motor and manipulative skills progresses as the child

grows and participates in every day activity using tools and materials and therefore



regular practical activities that promote developing skills is important. Stewart, Rule,
and Giordano (2007) stated that “children with physical or other impairments are
likely to have difficulty with hand skills, which impacts on their engagement in

manipulative activities as well as participation in daily life routines” (p. 874).

Red flags are raised within the health departments of various Australian states
when children do not achieve certain manipulative skill competencies by a certain
age. The Western Australian Government (2013c) raised warning signs if a child
aged seven to eight years “has difficulty using scissors” (p. 5). Further warning signs
raise concerns of children aged eleven to twelve years with regards to fine motor
skills if the child “has difficulty with construction and fine manipulative work or
easily gets tired when completing a fine motor or writing task” (Western Australian
Government, 2013b, p. 4).

In high school and vocational education the Australian qualifications
framework states “Skills are described in terms of the kinds and complexity of skills”
(Australian Qualification Framework Council, 2013, p. 11). These skills range from
creative cognitive skills to “technical skills involving dexterity and the use of
methods, materials, tools and instruments” (Australian Qualification Framework
Council, 2013, p. 11). Within level two of the qualifications framework, students in
lower to upper secondary school, should able to “have basic cognitive, technical and
communication skills to apply appropriate methods, tools, materials” (Australian
Qualification Framework Council, 2013, p. 12). This knowledge and skill level will
allow them to engage with set activities and identify basic problems. This standard is
reflected in the European qualifications framework that relates skill development as
having two sections cognitive and practical. “In the context of European
Qualifications Framework (EQF), skills are described as cognitive (involving the use
of logical, intuitive and creative thinking) and practical (involving manual dexterity
and the use of methods, materials, tools and instruments)” (European Commission,
2015, p. Descriptors).

Some schools and researchers have suggested sample classroom tool kits as
illustrated in the sample school/classroom tool kit, see Table 1, for primary school by
Makiya (1992). Safety and usage of each of the tools listed including the saws and

drills would have to be taught to the children



Table 1.
Sample Primary School Class Tool Kit suggested by Makiya (1992).

5 junior hacksaws 1 hand drill, drill Craft knives 5 Table vices

and spare blades Eg/se(rzﬁzfn?n )and 3 abraders 1 hammer

Metal safety rulers 1 bradawl Nylon cutting
3 try-squares mats

Tools and manipulating materials are also mentioned across the curriculum
disciplines in the Australian Curriculum (Australian Curriculum Assessment and
Reporting Authority, 2018a). Examples include technologies in foundation year level
stating “use materials, components, tools, equipment and techniques to safely make
designed solutions” (ACTDEPO0Q7 ); to making models in mathematics, “make
models of three-dimensional objects and describe key features” (ACMMG063 ), and
in the arts “develop and apply techniques and processes when making their artworks”
(ACAVAML115 ). One of the few specific mentions of fine motor skills in the
Australian Curriculum is given in the Chinese language study curriculum with regard
“developing fine motor skills appropriate to Chinese writing conventions”
(ACLCHU138). Further examples of cross-curricula use of tools are listed in the
Appendix One of this thesis.

1.1.1 Handwriting

The use of tools and the development of fine motor skills are inextricably
linked. Handwriting is a good example of development of fine motor skills
linked to a tool, such as a pencil. In Queensland, The Teaching of Handwriting- a
handbook (Boys, 1984) highlighted the developmental nature of handwriting
skills and the link to fine motor skills; “write with a combined finger/hand/arm
movement” (p. 1). The individual child, with practice and instruction improves
handwriting skills. “Factors such as kinesthesis, fine motor skills, and visual
motor abilities are associated with handwriting development and performance”
(Henderson & Pehoski, 2006, p. 238).

“When properly taught, handwriting enables students to more efficiently
perform a hierarchy of skills required in other subjects” (Saperstein Associates, 2012,
p. 6). Interestingly, “Handwriting legibility influences teacher's perceptions of
students’ academic competence. Thus, it is important that teachers (....) help children

develop adequate skills. Our findings reveal that practical, engaging activities


http://www.scootle.edu.au/ec/search?accContentId=ACTDEP007
http://www.scootle.edu.au/ec/search?accContentId=ACMMG063
http://www.scootle.edu.au/ec/search?accContentId=ACAVAM115
http://www.scootle.edu.au/ec/search?accContentId=ACLCHU138

focussing on fine motor skill development and practice do help” (Rule, 2002, p. 12).
Feder and Majnemer (2007), further indicate the importance of fine motor skills in
handwriting and identify some of the skills involved “Fine motor control, bilateral
and visual-motor integration, motor planning, in-hand manipulation, proprioception,
visual perception, sustained attention, and sensory awareness of the fingers” (p. 312).

Tools and materials are also linked where the tools are used to manipulate,
deform, or cut materials. The coordination, control and strength needed of motor
control including gross and fine motor is developed over time through the use of
tools. “The tool becomes an extension of the hand. When one writes, one is not
aware of the pen as a tool separate from the hand. Rather it is an integral part of the
automatic movements that create the letters” (Henderson & Pehoski, 2006, p. 14).
This understanding that tools become part of the extended hand is also reinforced by
Baber (2006) who stated “Tools obviously modify the properties of effector
systems, i.e., a hand holding a hammer differs in mass and posture to an
unencumbered hand” (p. 3).

The development of increasing complexity of fine motor skills linked to the
use of tools and materials can only be acquired through regular practice with a range
of similar tools and materials, thus enabling the child to create and innovate with
tools and emerging materials. As Henderson and Pehoski (2006) stated “The motor
programmes are learned by practice when different information adjusts the ongoing
movement” (p. 47). The concept of practice with the use of tools in differing
situations including with different materials to develop skilled use in the use of tools
is reinforced by Baber (2006) when “relating the possible actions to the perceptions
of tool in the hand represents a form of perception-action coupling that needs to be

learned and modified through continued exposure” (p. 6).

Therefore, the question remains, what tools and materials and adhesive
methods are introduced and developed in each year level? Hence this study is about
which tools, materials and adhesive methods are being used and when. That is
the focus of this study.

1.2 Research Question
Competence and efficiency in the use of tools is not developed through a

singular use of a tool with a material. Rather it is acquired through a combination of



introducing tools and practising with those tools using a variety of materials over
time. It has been reported that children “take pains to acquire deftness and skill”
(Hadow, Harris, & Burt, 1931, p. 155). The time allocated ranges from supported
very structured introduction focussing on safety and appropriate use with highly
scaffolded learning with one on one and small group adult support, through
increasing confidence of the child in the use of tools, materials and adhesives. The
child then progresses to accept growing responsibility for their own use of the tools
and materials. Students would be encouraged to explore new and creative
modifications to the tools and the possible uses as they explore the use of tools whilst
engaging with new materials and ideas. Primary school offers a critical timeframe in
a person’s lifetime for introducing basic and increasingly complex tools over a
seven-year period from five to twelve years of age. This progression would indicate
that there are tools, materials and adhesive methods accessed and introduced to the
child as they develop in size and strength, cognition, desire to learn and become

integral members of society.

This progression leads to the research question: What are the patterns of
usage of tools, materials and adhesive methods currently provided by primary school
teachers for students in their class to develop skills in the use of tools, materials and

adhesive methods?

In seeking to answer the research question, five sub-questions have been
identified:
1. What tools are currently being used in primary schools, and when are they

introduced?

2. What materials are currently being used in primary schools, and when are

they introduced?

3. What adhesive methods are currently being used in primary schools, and

when are they introduced?

4. What skill development opportunities have teachers had in the use of tools,

safety, materials and adhesive methods?

5. What factors influence the introduction and development of skills with tools,

materials and adhesives in the classroom?



1.3  Definitions relating to the study

The participant teachers in this study come from different schools and
education systems, as well as diverse life experiences. Therefore, to avoid ambiguity
in the completion of the research participants need clarity in the meaning of similar
terms. Defining the term as ‘constitutively’, as in a dictionary definition is suggested
by Wallen (2001) who advised, ““as researchers, we simply explain in other words

what we mean by the term” (p. 16).

Adhesive methods Adhesive is often used synonymously with glue.
However, adhesion is about the amount of grip between
two materials and the mechanism by which that grip is
modified. For the purposes of this study, adhesive methods
are the mechanism by which two or more materials are
joined together and include glues, ties and fasteners such as

nails and screws.

Ad hoc Ad hoc (Ah) refers to the unplanned opportunities
to use tools, materials and adhesives in the everyday
activity of the classroom. For example, a child may use a
rotary cutter to trim A4 pages, to enable the sheet to fit
neatly into a scrap, science or history book using a glue
stick. The use of the material, tool or adhesive is dependent

on the situation as it occurs.

Cc2C Curriculum into the classroom (C2C) is a resource
package developed by the Queensland Education
Department to support Queensland teachers in the
implementation of the Australian Curriculum. Whilst
written for Queensland Teachers it has spread across
Australia to be used in Queensland, Northern Territory and

Canberra education systems.



Developmental

Foundation year

MASTO

Developmental (De) refers to the planned use of a
tool, material or adhesive by a teacher, including
discussion of its properties, instruction in skill development
and time to practise. For example, a child may be asked or
wish to cut out circles from 150 gsm card to be used as
wheels. Here the discussion may include the weight of card
measurement in grams per square metre (GSM) and how to
hold and manipulate the materials to use a pair of scissors
effectively and safely. Discussion may also include how to
work towards a certain standard of completion. Whilst
‘developmental’ in different forms is hierarchical, in that it
continually builds upon itself, it should not be taken to
mean step by step or linear sequential. It is possible that
teachers may introduce a tool in an instructional manner at
the beginning of the year and then provide opportunities to
use the tool in an ad hoc fashion once the teacher feels the
children have mastered the tool.

In the Australian Curriculum the first year of formal

schooling is called foundation year level.

Materials, tools and adhesives are used across the
curriculum areas but specifically mentioned in the
curriculum areas of technologies, the arts, mathematics and
science. It is possible to assume then that there will be
opportunities for the students to be taught the skills
necessary to work them effectively. They are also used in
the other curriculum areas such as English, languages and
humanities, though most likely in an ad hoc way.
Therefore, to gain an understanding of where they are most

used the participants will be asked to indicate if and where



Materials

Preparatory year

(Prep)

Primary School

STEAM

STEM

they use them in (M)- mathematics, (A) — the arts, (S)-
science, (T) — technology, and (O) —other (MASTO).

Materials are those objects natural and
manufactured that are the base ingredient for making
products and include such items paper, card, fabric, wood

and metal.

In Queensland the first year of formal compulsory
education is called Prep, and it aligns with the Australian
Curriculum foundation year level. Children start prep in the

year they turn five by June 30,

Primary school in Queensland starts in Prep and
year one and moves through to year six. It is sometimes
aligned to Elementary school in other countries. The age
range of primary school children is from five years to
twelve years old. Primary school education is compulsory

for all children in Australia.

Science, technology, engineering, arts and
mathematics (STEAM) are recommended in by education
systems in some countries, including South Korea, to build

into STEM, creative and innovative understandings.

Science, technology, engineering and mathematics
(STEM) are the key subject disciplines recommended for

the skills in the twenty-first century.
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Tools Tools referred to in this study are those concrete
hand-held instruments that assist with the shaping and
remodelling of materials and include such items as

scissors, hammers, hole punches and knives.

1.4  The researcher

As an experienced senior primary school teacher with thirty-five years
classroom experience that included, over the course of that time, teaching each year
level from preschool to year seven | was implicitly aware of the physical growth and
capabilities of children. My role included positions of added responsibility
comprising teacher in charge of preschool, teaching principal, Queensland State

curriculum writer (Science), and Key learning area science regional co-ordinator.

These experiences also led to be involved with professional discipline
organisations such as the Queensland History Teachers Association, Early Childhood
Teachers association (ECTA), Mathematics Teachers Association of Queensland
(MTAQ), and Science Teachers Association of Queensland (STAQ). Participation in
these organisations included being President of the Science Teachers Association of
Queensland and its representative on the Australian Science Teachers Association
(ASTA).

As an active participant in these professional organisations, | conducted
seminars and workshops for teachers, principals, parents and children. Some of these
workshops were conducted in local, State, National and International conferences. A
practical STEM workshop was Conducted in the STEM conference in Vancouver,
Canada on automata for the primary classroom (2014). Most recently workshops for
the Primary Mathematics Teacher Conference in Brisbane, Queensland (2018) and
Primary Science Teachers Conference in Brisbane, Queensland (2018). | have
written several practical papers associated with the workshops for primary school
teachers that were published in association journals. These papers included making

and using nets for constructing cubes in mathematics, automata models, and robots.
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I was also able to attend training seminars and workshops on Primary
Connections and Primary Investigations programmes, developed by the Australian
Academy of Sciences in Canberra. Completion of these seminars led to becoming a
qualified trainer to provide the professional development programmes for teachers.
Constructivist theories of Piaget and Vygotsky underpinned both the’ Primary
Connections’ and its predecessor ‘Primary Investigations programmes’ (Australian

Academy Science, 2008).

1.5 Personal significance

Personal observations of the ability of children in a year five class to
accurately measure, cut, fold and construct simple automata machines following
explicit instructions using everyday curriculum tools and materials raised concerns
leading to this investigation. Making and using tools and developing skills and
expertise in a variety of tools is a lifelong trait of human beings. As children grow,
they engage with tools in many situations from eating, engaging in the school
activities making things, gardening and play. The tools and materials used often start
with single use tool such as steak knives or taps for the garden hose, to multi-tools
such as pencil and compass to draw rings, or to more specific tools such as Allen

keys for constructing flat-pack furniture.

As an award-winning primary school teacher, including Queensland
Smithsonian Design Fellowship and a Prime Ministers Prize for Excellence in
Primary Science Teaching and with more than thirty years teaching experience from
preschool to high-school, | have observed increasing numbers of children struggling
with manipulating tools and materials efficiently and carefully. In 2011, when
making flying toys for science, ten-year-old grade four children were observed
struggling to problem solve how to measure and make the largest equilateral triangle
from a given tissue rectangle, make the largest tissue square, and then glue with one-
centimetre glue tabs to assemble a hot air balloon. To make water rockets that spiral
and water rockets that release a parachute, children had to problem solve and
construct neatly and accurately. Eleven and twelve-year-old children, from grade 5
and 6, struggled to measure accurately, estimate efficiently and problem solve for the

best angle of attack into the wind and learning how and where to tie knots.
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Prior to the introduction of the Australian Curriculum in 2014 in Australian
schools, the use of tools in Queensland schools was extended and developed across
all of the curricula including science, technology, mathematics, the arts and
humanities. The disciplines of humanities in primary school commonly went under
an integrated title such as ‘social studies’ (1960’s) or ‘studies of society and the
environment’ (2000), to more recently HASS (humanities and social sciences)
encompassing disciplines such as geography and history. Under the auspices of the
1960 and 1970 Queensland social studies curriculum documents, children in primary
school often made dioramas or models of important historical or geographical
significance. These included using tools, adhesives and materials including papier
mache, in the making and labelling of, mountain ranges and valleys, planetariums
with models of the planets and sun showing phases of the moon, to building castles
and moats, igloos, gunyahs and other houses. “make a model showing a miner’s hut,
his shaft and windlass, etc” (Department of Education Queensland, ND (circa 1960),
p. 37). Models in science included body parts such as the workings of the eye and
boats as “make a boat out of balsa or cork” (Queensland Department of Education,
1966, p. 23). In English and languages other than English puppets were constructed
to assist in story-telling and in the arts, jewellery and sculpture were produced.
Mathematics allowed the construction of three-dimensional shapes in geometry.
Each of these developed and provided practice opportunities for specific tools of
increasing complexity in conjunction with making products to aid in the learning
process. “Little children may be allowed to discipline their fingers by making things
in paper and cardboard” (Hadow et al., 1931, p. 79).

Throughout schooling and beyond, further specialist tools of trade became
more important, more dangerous, and required increased safety measures. In the
twentieth and twenty first century a new wave of technological tools to assist with
providing the needs and wants of everyday life in cheaper, mass produced ways have
emerged. These tools included production lines, robotics and three-dimensional
printers, copiers, scanners, electrical tools and computers. Growing children needed
the strength and knowledge to effectively engage with developmentally appropriate

tools and materials.

New born babies do not have the strength, coordination and understanding to

use tools such as scissors, hole punch, stapler or glue stick. Allen (2006) suggested in
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motor development a child up to four months has “insufficient strength to hold
items” (p. 71). A year one child has not mastered the hand grip and control of using a
pencil in handwriting of a legible own style or calligraphy script. Nor have they the
coordination of both hands when using a ruler and pencil to rule a straight line. Yet,
in primary school by year five, about ten years of age students “take great joy in
perfecting handwriting skills” (Allen, 2006, p. 200). In primary school by year five,
about ten years of age, according to the Australian and Queensland curriculum
support documentation, children are expected to be able to safely choose and use
effectively and efficiently tools such as box cutters, hole punches, staplers, fret saws,
three ply wood, straw board, polyester-cotton, hand-drill, hot glue gun and ruler to
name a few. These tools and materials are in the referenced supporting document

photographs and not specifically labelled.

Based on the Australian Curriculum, children in middle primary school
classes are expected to design, draw, construct and animate many objects related to
the curriculum being taught, discussed and learnt, safely with growing precision and
in a timely manner. There is expectation that by year five, ten year old students
would have strength, persistence, skills and expertise in using scissors, cotton fabric,
needles and polyvinyl acetate (PVA) glue; had some introduction to safely using
Stanley knives, hot glue guns and be ready for introduction of such tools as soldering
irons and 3D printers (Australian Curriculum Assessment and Reporting Authority,
2018d).

However, from personal observations whilst teaching years four, five, six and
seven many children in upper primary school years demonstrated a lack of
understanding of even the most basic tools and materials, including what they are for
and how to use them safely. For example, in teaching design technology in a year
five and six makerspace, students did not know what a hand drill was, comparing it
to a fishing reel. The school makerspace was an area set aside within the school
where children could engage in making objects from everyday resources with time
set aside during school operating hours under the support and guidance of the
teacher. The students complained often about their hands hurting and being tired
when asked to complete a specific project; and were unaware of effective safety
precautions; and saw no value in accurately following instructions to make a quality

product.
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Students in year one did not have the hand strength to use a six-millimetre
single hand grip hole punch but were able to use lever operated two-hole desk punch.
Year six students struggled to accurately position a single hole punch and punch
through two pieces of one-hundred and fifty grams-per-square metre (GSM)

photocopy card.

Similarly, year four children struggled to use a desk stapler to staple two
pieces of card stock accurately not realising the crepitus (that is the sound of the
staple felt separating from the row of staples and the second movement of the folding
legs under) of the stapler pushing the staple through the card had two movements.
The first movement felt through operating the stapler was of the staple releasing from
the magazine and entering the material, followed by the second movement of the

staple machine folding the legs of the staple.

In a year four and five history class using automata (mechanical models with
moving parts), some students were asked by their teacher, ‘why have you placed the
hoe blade upside down in the model?’ The response given was they ‘did not know
what a hoe was, what it was used for, nor how the farmer used it; nor could they
suggest possibilities from the shape such as cutting into the soil with the blade down
or breaking up clods of dirt with the blade up’. Nevertheless, according to the
Australian technologies curriculum (Australian Curriculum Assessment and
Reporting Authority, 2014f) by the end of year four, students explain how products,
services and environments are designed to best meet needs of communities and their

environments.

From my recent experiences, children in all year levels demonstrate a lack of
understanding in the use of scissors accurately, and on the school booklist a
particular type of scissor was not defined, so children had a range of scissors to

engage with.
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Figure 1. Scissor grip upside down.

Figure 2. Incorrect scissor grip waiting for scissors to do something.

In Prep or foundation year level students, four to five years of age have been
observed holding scissors as in Figure 1, with the blades down and others as in
Figure 2 holding them with the blades in the right direction but waiting for
something to happen with incorrect grip, two fingers in one hole.
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Figure 4. Scissor grip upside down.
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Figure 5. Adult using scissors upside down with resultant cut-out.

Children in middle and upper primary years (eight to twelve years of age)
demonstrated incorrect ways of holding scissors. In the first image in this group,
Figure 3, the student is using the thumb and the proximal phalange on the index
finger, which limits control and strength, upside down. The second image, Figure 4,
also shows a year six student using the scissors upside down, and the last image,
Figure 5, shows a first-year university engineering student holding the scissors

upside down struggling to cut accurately.

Safety concerns raised the most worries with students in year six unable to

correctly wear safety goggles or use a box cutter safely.
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Figure 6. Safety goggles upside down.

The picture in Figure 6 shows an upper primary school student wearing
safety goggles upside down, as it was the first time the student had worn safety
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glasses.

Figure 7. Box cutter upside down.

Figure 8. Trying to measure and cut accurately.

Similarly, in Figure 7 and Figure 8, the year six students were using the box
cutter but did not understand the mechanics of using a blade, including which side of
the blade was the cutting side. The students were trying to measure accurately and

carefully, though they did not measure and mark with a pencil.
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Figure 9. Not cutting paper straw.

In Figure 9, the student is cutting a paper straw and does not realise that,
because the blade is upside down, they are squashing the straw rather than cutting it.

The location of the hand on the knife also indicates a lack of effective control.

Figure 10. Fist grip.

The fist grip shown in Figure 10 indicates that the student will have difficulty
with accuracy as it is difficult to view the blade point. Safety is of concern in the
picture with the location of the thumb in holding the card being cut and the direction
of the cutting blade.
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Figure 11. Cutting horizontally by dragging blade sideways.

In Figure 11, the student is cutting the line by dragging the blade sideways,
rather than orienting the blade to the required cutting direction correctly.This meant
the card was gouged rather than cut. The hand grip for each of the students using the
box cutters are different, with accuracy of control limited in each. The grip also
shows the blade in the wrong configuration for cutting, when cutting towards the

operator.

When using a skewer to score folding lines when using a fist grip, compared
to a tri-pod pencil grip,the students invaribaly did not have the dexterity to control
the amount of force applied and then tore or puncured the paper or card. The lack of
dexterity in the use of these and other tools at a level expected from children in the
upper primary school increases the time and resources required to effectively

complete a given task safely.

The inability of children in my primary class to manipulate tools safely and
effectively prompted me to explore why this may be the case. To try and identify
what tools and materials teachers were introducing and using with their classes, and
how they developed from the earliest year levels in primary school. With a view to
suggest better ways to ensure that the children had opportunities to aquire the skills

they deserve and need.
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1.6  Significance of study

The development of fine motor skills and the use of tools is indicated as part
of the four pillars of the UNESCO (1996) education framework, which could align
most closely with the concept of general capabilities in the Australian Curriculum.
General capabilities or life skills develop alongside cognitive skills in the child as
they grow and learn. “In the Australian Curriculum, capability encompasses
knowledge, skills, behaviours and dispositions. Students develop capability when
they apply knowledge and skills confidently, effectively and appropriately in
complex and changing circumstances, in their learning at school and in their lives
outside school.” (Australian Curriculum Assessment and Reporting Authority,

2018e, p. Overview)

P Gerber, Wilks, and Erdie-Lalena (2010) further state, “like all
developmental streams, fine motor milestones do not proceed in isolation but depend
on other areas of development, including gross motor, cognitive, and visual
perceptual skills” (p. 268). The developmental use of tools would then be expected

to be found across all the discipline areas of the curriculum in primary school.

It is the development of the knowledge and skills in children that is the
critical learning. The teacher provides experiences in the introduction, instruction,
and opportunities to practise with tools and materials for the child learn and grow.
Whilst tools in general are mentioned in different discipline curricula documents, at
differing year levels in primary school there is no documentation of specific tools to
be introduced, skills and expertise to be developed in conjunction with student’s
physical maturity. Further, introduction and correct knowledge, safety, and skills for
specific tools, materials and adhesives in the development of fine motor skills for

both teachers and students is missing.

Somewhere along the continuum of developing fine motor skills and
knowledge between prep year, where they are specifically mentioned as part of
health and physical education and year six at the end of primary school, the
continuing development in the use of tools to skilfully cut, bend, join and manipulate
materials has become lost. Neither are they identified within the general capabilities
section and the learning areas of the Australian Curriculum. This study highlights the
lack of fine motor skill development as it relates tool use, the manipulation of

materials and methods of adhesion within the primary school. Further, it identifies
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that the lack of instruction in tool use impacts upon the use of materials and
adhesives that are identified in the Australian Curriculum, and that have been
highlighted as important for the development of the whole child. The study also
identified that fine motor skill development does not get a specific mention in the
Australian Curriculum general capabilities nor in the science, mathematics, arts, or

technology disciplines.

With the advent of a focus on Science, Technology, Engineering and
Mathematics (STEM) as major cognitive areas for primary school curriculum the
links between discipline knowledge and physical development of the child become
increasingly important. Physical development of the child includes fine motor skills
and associated gross motor skills. Fine motor skills are developed through use and
practice of tools in the manipulation of materials to make a product. UNESCO
(2001) referred to the skills of making of a product in basic education as life skills
that encompass those skills referred to as vocational skills, loosely defined as those
skills that have a practical application developed through hands-on learning
especially in the years beyond primary school, related to those practical skills
associated with specific occupations. Recent studies have identified the importance
of life skills as associated with vocational skills and come under the banner of
transversal competencies as highlighted in the UNESCO (2016b) transversal

competencies in education policy and practice report .

In the making of a product the child progresses in control, competence and
efficiency in the use of tools paralleling their development of fine motor and gross
motor muscles. As well as physical development the use of tools can assist cognitive
development of children in the STEM and with the addition of the arts curriculum

STEAM (Science, Technology, Engineering, Arts and Mathematics).

1.7  Structure of thesis

This thesis has eleven chapters. As each of the sections developed, it was
decided that each section had specific connected data to recommend each as a
separate chapter. The body of the study is followed by appendices including

curriculum links and sample survey questions and references.
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Chapter one provides a brief discussion of the problem and highlights several
key terms used in the study. It then elicits the research questions and identifies the
problem and significance of the study. There is a reflection on recent personal
experiences of children using tools before an explanation of the structure of the

study.

Chapter two provides a broad and extensive literature review including
exemplars of fine motor skill and links to cognitive development. There is also a

review of national curriculum and international studies in the use of tools.

Chapter three identifies the methodology and ethical considerations for the
study. It identifies the progress and reasons for a hand delivered survey and ethical
permissions for Catholic and State school visitations and accessing interviews with

practising primary school teachers.

The range of schools visited is outlined in Chapter four, which also describes
the demographics of the study and provides an overview of the data collected with

regards to the participants initial comments from the survey.

Chapters five, six and seven provide an overview of the broad areas of the
study including tools, materials and adhesive methods, with commentary from the
interviews conducted. Chapter five specifically focusses on tools, whilst chapter six

focusses on materials and chapter seven on adhesive methods.

Chapter eight provides a small chapter on safety with regards to tools and
materials mentioned. Chapter nine provides an in-depth analysis of selected tools,
materials and adhesive methods. Chapter ten discusses the themes that developed out

of the study.

Chapter eleven provides a conclusion and recommendations for future
research. It identifies ten recommendations. The conclusion refers to the future of
tool and materials usage and has links to STEM and STEAM.

1.8 Chapter summary
This introductory chapter has highlighted the significance of using tools,
materials and adhesive methods in the primary school as having continuing relevance

to children’s physical development including fine motor skills, and an adjunct to
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cognitive learning and for engaging children in developing efficient life-long skills.
It has identified that whilst tools, materials and adhesives are mentioned in broad and
generic terms across the curriculum there is no scope and sequence of when specific
tools nor materials are introduced either by year levels or by bands of year levels.
There is no identification of the development of fine motor skills in education
curriculum within the primary school curriculum. This exploratory study was aimed
at identifying what tools, materials and adhesive methods are introduced and used in
the primary school, with a view to developing recommendations to support teachers

in their implementation.

This study reflects my belief in the United Nations Convention on the Rights
of the Child that states that the education of the child shall be directed to broad and
holistic education. This broad education is critical in allowing for the fullest
development of the child including their fine motor physical development, and is
inclusive of accessing a wide range of tools, materials and adhesive methods. My
own life experiences have benefited from being able to actively engage with tools
and materials, both for employment opportunities and recreation. My observations of
children, reflected in this study, indicate that they are not being given the same
opportunities to engage with and develop these skills and knowledge. My concerns
are linked to how | can assist the learning of children to gain these skills through

supporting of the primary school teacher.

The next chapter, chapter two, will present a scan of the relevant literature.
The subsections in the chapter will identify the reasons for a broad education
including the rights of the child, curriculum requirements, and physical development.

This will be followed by identifying tools used in primary schools.

This literature review will assist in identifying a gap in the research in the
actual implementation of curriculum in the use of tools, materials and adhesive
methods. The literature review will assist in the development of the survey for the

data collection.
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2 Literature Review

2.1 Introduction

Children grow and learn from birth. The growth of children encompasses the
aspects of physical and cognitive growth, first within the family and then with
support of the community and then through more formal aspects of schooling.
Families provide support for the child to engage with the fundamentals of movement,
language and learning. Opportunities to grasp and crawl allow for the brain and body
to coordinate and make networks whilst gaining strength. “Haptic perception
emerges in early infancy and continues to mature into adolescence” (Henderson &
Pehoski, 2006, p. 82)

Safe and stimulating environments include providing opportunities to engage
with objects first to learn the objects properties, then move and manipulate the
objects. Initially many of these objects are toys and are engaged within play. Next, as
the child’s curiosity is enhanced and their creativity in the use of objects becomes
more sophisticated, they start using tools to manipulate the objects around them, at
the same time developing coordination of their muscle groups with their senses.
Initially these attempts to modify objects may be seen in the use of simple tools to
capture and cut food to feed. Safe use of metal cutlery and crockery is learnt,
progressing to assisting cutting fruit and vegetables, and instruction on what to do
when accidents occur. Then they progress to using coordinated efforts to get objects
such as pencils and crayons to make marks on other materials. All of these efforts are

supported, encouraged and affirmed by family and close community members.

Progressing to group education settings such as childcare and kindergarten
allows for many social opportunities for increasing strength and purpose of learning,
engaging with differing understanding and range of materials. The continuing
development of children progresses to formal school, as part of their rights, where
cognition is further developed along with the continuing growth of gross motor and
fine motor skills as part of a wholistic education, with access to current technologies,

tools, and expertise.
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2.2 Right to an education

Education is a right afforded to all children according to Article twenty-six of
the United Nations Declaration of Human Rights as promulgated in 1948 and to
which Australia is a signatory. Points one and two of Article twenty-six in the
declaration state;

1. Everyone has the right to education. Education shall be free, at least in
the elementary and fundamental stages. Elementary education shall be

compulsory.

2. Education shall be directed to the full development of the human
personality and to the strengthening of respect for human rights and
fundamental freedoms. (United Nations General Assembly, 1948, p.
34)

2.3 Defining Education

The United Nations Declaration of the Rights of the Child further explored
and defined what constituted elementary education. It provided a framework for
countries to develop an education system that enabled the articles to be met,
especially Article twenty-nine which states; “parties agree that the education of the
child shall be directed to: The development of the child’s personality, talents, and
mental and physical abilities to their fullest potential” (UNICEF, 1989, p. Article
29).

Following on from the declaration on human rights, the United Nations
organised and held several meetings and conferences to tease out roles of the human
population in developing and sustaining planet Earth, starting in 1972 with the
United Nations Conference on the Human Environment in Stockholm. This meeting
produced the Stockholm Declaration which proclaimed “conversely, through fuller
knowledge and wiser action, we can achieve for ourselves and our posterity a better
life in an environment more in keeping with human needs and hopes” (Stockholm,
1972, p. 3). Principle nineteen of the declaration highlighted the need for education.
Following these meetings and conferences, discussion papers were produced on

courses of action, all highlighting the importance of education.

Of special significance for education were the international conferences

organised by the United Nations Educational, Scientific and Cultural Organization
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(UNESCO) including those held in Thbilisi in 1977, Jomtien in 1990, Toronto in 1992
and Istanbul in 1993.

Australian State, Territory and Commonwealth Ministers of Education,
accepting the responsibilities of the treaties outlined above, the met in Hobart and,
conscious “that the schooling of Australia’s children is the foundation on which to
build our future as a nation” (Australian Education Council, 1989). The Hobart
Declaration on Schooling was created (Australian Education Council, 1989).
Australia followed up its commitment to the obligations of the international
declarations by ratifying the Children’s Rights Charter in December 1990. This
means that Australia has a duty to ensure that all children in Australia enjoy the

rights set out in the treaty.

Australia renewed its commitment to the Rights of the Child in Adelaide in
1999 with the publication of The Adelaide Declaration on national goals for
schooling in the twenty—first century (Education Council, 2014), which reaffirmed
the commitment to and importance of education in Australia. These declarations
were then built upon, refined and superseded by the Melbourne Declaration on
Educational Goals for Young Australians (Ministerial Council on Education
Employment Training and Youth Affairs, 2008). Based upon the goals of the Jontiem
conference (1990), the Australian States individually and simultaneously worked on

frameworks that reinforced the commitment to education for the twenty-first century.

The World Conference on Education for All, Jomtien 1990, proceeded to
develop further an understanding of basic education with the Declaration on
Education, which highlighted, “Learning begins at birth. This calls for early
childhood care and initial education” (UNESCO, 1990). The ‘Learning, the treasure
within’ report to the UNESCO built upon these previous meetings and conferences
highlighting four pillars of learning upon which education stands; learning to know,
learning to do, learning to live together and learning to be (UNESCO, 1996). The
United Nations Educational, Scientific and Cultural Organization conference in
Thessalonica in 1997 further added discussion focussed heavily on sustainability and

the role of education.

Learning to know focuses on the knowledge needed for both general

understanding but also specific knowledge and understanding related to tasks and
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required for lifelong learning. Learning to do relates strongly to gaining useful
employment and is broadened to encompass those social skills required to work in
teams and deal with complex situations and may include higher education. Learning
to live together recognises the importance of the interdependent nature of living in
the twenty first century. Learning to be focuses more so on the individual and the
importance of developing their capacity to the fullest including understanding of

their rights and responsibilities.

The Dakar Framework for Action reaffirmed the importance of the education
for all vision, indicating that, “education for all must encompass not only primary
education, but also early childhood education, literacy and life-skills programmes”
(UNESCO, 2000, p. 13). It goes further to state that

Approaches to improving the quality of education require adoption of
curriculum content and processes that are learner centred, recognize the
diversity of learning needs and stages of cognitive, social and emotional
development, and develop knowledge, skills, and attitudes required for
independent learning and problem-solving. Improving the quality of
education also requires access to appropriate learning resources. (UNESCO,
2000, p. 59)

A common definition of what constitutes a ‘Basic Education” was still being
developed in 2007, where the latest information referred to indicated that
‘fundamental, and ‘elementary’ education have become replaced by ‘basic
education” which more accurately reflects a foundation for lifelong learning. Primary
education or “elementary education’ is now considered to be part of ‘basic
education’ which is intended to meet “basic learning needs” (UNESCO, 2007b, p.
17).

Basic education needs are built upon the four pillars of learning. ‘Learning to
be’, is one of the four pillars of learning and is of specific interest for this study as it
points out that education is broader than economic requirements. “In that connection,
education must not disregard any aspect of a person’s potential: memory, reasoning,
aesthetic sense, physical capacities and communication skills” (UNESCO, 2000, p.
37). Hansen, Kaschefi-Haude, Samuelsson, and Jensen (2009) reflect on the

importance of children developing all their capabilities in transitioning between
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different stages of learning and schooling in the European Union, as an important
understanding of the rights of the child.

Education for Sustainable Development (UNESCO, 2005) adds further to the
pillars of learning by reinforcing the concept of sustainability with the five pillars of
sustainable development. The pillars supported the work of preparing the early years
framework by Sumsion and Cheeseman (2009). Siraj-Blatchford, Smith, and
Samuelsson (2010) further built upon with these pillars with the publication of
Education for sustainable development in the early years which provided exemplars
of what sustainability could mean in early years of a child’s life including primary
school. For example, “children are often given the opportunity of making things from
old boxes, food and drinks containers and other ‘recycled’ materials. In some early
years settings children work with more resistant materials, shaping and joining wood
to make things” (Siraj-Blatchford et al., 2010, p. 23).

2.4 Early Years Curriculum in Australia

Accepting that ‘basic education’ starts at birth Australian states engaged in
the development of early years frame works that would enable seamless progression
from birth and into life-long learning. The State of Victoria developed its ‘Early
Years Learning and Development Framework For all Children from Birth to Eight
Years’ with a discussion paper in 2008 and published in 2009 (Victorian Curriculum
and Assessment Authority, 2009).

Queensland developed its Early Years Curriculum in 2006 reflecting the four
pillars of learning. It was designed to assist teachers with the introduction of a
preparatory year into Queensland schools, which was replacing the preschool year. It
was designed to “promote continuities through the preparatory year” (Queensland
Studies Authority, 2006, p. 2). Because it reflected the four pillars of learning, its
focus was upon continuity of learning and developed a framework that had five key
organisers; early learning areas, contexts for learning, interactive processes for
curriculum decision making, key components, and phases that describe children’s
learning and development. There were five learning areas within the early learning

areas framework; social and personal, health and physical, language learning and
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communication, early mathematical understandings, and active learning processes
(Queensland Studies Authority, 2006).

The health and physical learning area focus is on health and gross and fine
motor development as children actively learn skills whilst interacting with others and
their environment. “children build a sense of wellbeing by using and extending fine-
motor skills when integrating movements and manipulating equipment, tools and
objects” and this is further elucidated as entailing the use of, “familiar equipment,
materials, tools and objects with increasing coordination, strength and control”
(Queensland Studies Authority, 2006, p. 66).

The understanding of child physical development was built upon and
reflected the importance of early education by the Australian government when
Belonging, Being and Becoming (Council of Australian Governments) was
published in 2009. The elements of the Early Years Learning Framework
encapsulated learning outcomes, principles and practice. Learning outcomes were
designed to enable children to develop their capabilities and knowledge of these
elements; their identity and world, their wellbeing, and becoming confident, involved

learners and effective communicators.

Children develop dispositions such as curiosity, cooperation, confidence,
creativity, commitment, enthusiasm, persistence, imagination and reflexivity, and
skills of problem solving, enquiry, experimentation, hypothesising, researching and
investigating, when they are confident and involved learners (Council of Australian
Governments, 2009). This is evident for example “when children explore the purpose
and function of a range of tools, media, sounds and graphics” (Council of Australian
Governments, 2009, p. 37).

The Queensland Early Years Curriculum Guide explicitly tries to link the
early learning areas with the main learning areas of the Australian Curriculum but
note that “while the content of these areas is described separately, most learning
experiences integrate many or all of the five early learning areas”(Queensland
Studies Authority, 2006, p. 52). For example, thinking, investigating, and imagining
and responding relate closely to the key learning areas of science, studies of society
and the environment, technology and the arts, through active learning processes,

while fine and gross motor skills align with health and physical education. The
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revised edition of the Victorian Early Years Framework(2016b) indicated that “when
provided with many opportunities and a rich supply of natural and manufactured
materials and tools, children create, build, sculpt, draw, paint and construct, and they
enjoy taking part in sustained shared conversations focused on their interests” (p.
21).

2.5 Australian Curriculum
The Australian Curriculum aspires to provide contemporary guidelines for the

education of all Australian children to prepare them for their futures.

In the 21st century, Australia’s capacity to provide a high quality of life
for all will depend on the ability to compete in the global economy on
knowledge and innovation. Education equips young people with the
knowledge, understanding, skills and values to take advantage of opportunity
and to face the challenges of this era with confidence. (Ministerial Council on
Education Employment Training and Youth Affairs, 2008, p. 4)

Life in twenty-first century Australia is vastly different from the twentieth
century due to technological advances based upon changing science and
mathematical understandings. In the last fifty years the technological growth of
computing power and design improvements have seen personal computers, smart
phones and the internet become an integral part of our everyday life. New materials
such as graphene and a range of plastics provide extra avenues for creative
development. The new and developing tools, such as three-dimensional printers,
laser cutters, interactive whiteboards and tablet computers (which use digital
technology), have a major impact on society and the way we teach the young. Access
to knowledge is easier and the quantity of information has increased dramatically.
This increase will impact on employment opportunities leading Yates and Collins
(2010) to suggest “that globalisation, particularly the globalisation of capital, and the
growth of ICT as the major medium through which work and other communication
happen, has revolutionised the economic world in which young people will have to
find work” (p. 94).

The increase in utilitarian understandings of the role of education for the
economic good of society is reflected within the foreword of the Organisation for

Economic Co-operation and Development (OECD) report, on the 2012 the
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Programme for International Student Assessment (PISA) results, “equipping citizens
with the skills necessary to achieve their full potential, to participate in an
increasingly interconnected global economy, and ultimately convert better jobs into
better lives is a central preoccupation of policy makers around the world” (OECD,
2013Db, p. 3). The importance of education is also referred to in the Review of the
Australian Curriculum when indicating “the primary purpose of education is to
enable students to gain a living by completing a certificate or qualification — whether
professional or trade — that allows them to enter the workforce or to begin a career”
(Wiltshire & Donnelly, 2014, p. 19).

Building on Australia’s commitment to educating all children and recognising
the broad aspects of education, the Australian Curriculum developed a three-
dimensional model that had three visible faces. The first face had eight learning
areas, the second had three cross curriculum priorities and the third face seven
general capabilities. The curriculum used this model to demonstrate how all the

learnings melded together as shown in Figure 12.
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Cross-curriculum
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Capabilities
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HUMANITIES &
SOCIAL SCIENCES

Eight
Learning
Areas

Figure 12. Australian Curriculum model.

(Australian Curriculum Assessment and Reporting Authority, 2018a, pp., pp. f-10-
curriculum/structure)

There has been a focus on the knowledge that all children in the compulsory
years of schooling, including primary years, need to aquire, in preparation for their
future employability. International and National efforts have been made to collate the
specific knowledges into manageble groupings of like disciplines called learning
areas, though not necessarily with consensus. Australia opted for eight learning ares
combining similar disciplines; Science for example is an umbrella group for geology,
biology, chemistry, physics, astronomy, and more recently environmental science.
The Arts encompassed broad areas including media, visual arts, music, dance and
drama. Interestingly in earlier versions of Queensland primary school syllabuses
dance was part of the health and physical education, and drama was part of the
English syllabus (Queensland Department of Education, 1968). According to Yates
and Collins (2010), “to divide the content knowledges of the curriculum into these
eight parts and organise them in a common way was a political/bureaucratic
resolution to the problem of how State differences ofcurriculum substance and
subject naming might be brought together” (p. 91).
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In the Australian Curriculum these eight are; English, language other than
English (LOTE), science, mathematics, health and physical education (HPE),
humanities and social sciences (HASS), technologies, and the arts (Australian
Curriculum Assessment and Reporting Authority, 2014b). Similar curriculum
content knowledge and discipline groupings and labels are found worldwide; for
example, as in Finland (Finnish National Agency for Education, 2014), Hong Kong
(Curriculum Development Institute, 2017) and Scotland (Education Scotland, 2012).

English and languages, along with affordances of modern information and
communication technologies provide students expanded opportunities to collaborate
and communicate in interesting dilemmas across the world. Humanities and social
studies provide contexts to engage with issues of the future including sustainability.
The eight learning areas provide the basis for a broad education though within the
curriculum listings are those subject disciplines with which it has been suggested

children will need to have increasing access and success.

2.6 STEM and STEAM

To achieve in predicted future employment, those subjects that most align
with twenty first century disciplines are those that encourage creativity, innovation
and deep thinking are science, mathematics, engineering and technology (SMET).
The acronym was changed to STEM to make it sound less like smut (T. Fox,
2018).0ther combinations of the acronym abound and some were focussed on
particular groups requirements such as MATES (maths and technology, engineering,
science; a boys after school technology club), GEMS (girls) and ESTEAM (adding
Entrepreneurship to the beginning of the acronym (Laming, 2017, p. 34). Further
efforts to engage students in skills for the twenty-first century included the addition
of arts to the acronym to encourage more creative and innovative thinking moving to
the acronym STEAM, (science, technology, engineering, the arts, and mathematics)
(Hunkoog Jho, 2014).

Whilst science, technology, engineering and mathematics are separate
disciplines with specific knowledges and literacies associated with each, they are
also related in suggested pedagogies including hands-on, active inquiry-based
learning. Further, according to Willox (2012) these similarities should allow for
integrated studies that are engaging, and develop student’s curiosity and allow for

innovation.
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The foundation skills, understandings and knowledge required in STEM and
STEAM subjects are not always apparent, including vocabulary, manipulative skills,
prior knowledge and concepts. Sometimes this led to structures that negated
integrated curriculum opportunities to instil curiosity and interest in STEM subjects.