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Introduction

Competence in mathematics is essential in meeting the demands of the workplace and in
successful functioning in everyday life. Mathematics is so critical that some have labelled it
the “new civil right” (Moses and Cobb, 2001). However, recent research reports have
indicated that many children in the North and South of Ireland are failing to reach the
expected levels of achievement in mathematics (DENI, 2011; DES, 2011; Eivers et al., 2009;
NIAO, 2006; PAC, 2006). A key plan of national strategies north and south of the border (DENI,
2011; DES, 2011) is to promote literacy instruction across all curricular areas, with the
expectation that this will improve overall literacy standards, and support children in acquiring
disciplinary knowledge in various subject areas. Part of this entails more effective use of oral
language to teach subject-specific knowledge and concepts. The need to identify strategies
that can be used to improve oral language is vitally important, given that curricular
frameworks (CCEA, 2007; NCCA, 1999) outline specific concepts that young children should
know.

It is now well established that having a sense of number is a key factor in learning, and
subsequently applying, mathematics (Dunphy, 2007). The ability to understand and use the
language of number, both spoken and written, is regarded as fundamental to children’s
learning of number in our culture (Tolchinsky, 2003), and subsequently to the development
of their number sense (Dunphy, 2006). Teacher-facilitated ‘math talk’ in the early years
significantly increases children’s growth in understanding of mathematical concepts
(Klibanoff et al., 2006). Although young children may have a beginning understanding of early
number concepts, they often lack the language to communicate their ideas. The teacher plays
a significant role in guiding children to make connections, to recognise how their thinking
relates to key mathematical number concepts and to make further conjectures and
generalisations. Teacher modelling and fostering of mathematical language throughout the
day and across various subject areas, allows children to articulate their ideas and
communicate their understanding.

The mathematical knowledge teachers possess has a profound impact on what and
how they teach (Bobis, 2004; Ball, 1996; Shulman, 1987). Teachers play a key role in helping
children develop number sense through creating a learning environment that encourages
children to freely explore numbers, operations, and their relationships in meaningful contexts
(Siegler and Booth, 2005; Mcintosh, 2004; Yang and Reys, 2001). To “empower students to



think mathematically, teachers must first be so empowered” (Ma, 1999, p. 105). Yang et al.
(2009) suggest that teachers’ lack of number sense as well as their lack of knowledge on how
to help children develop it may account for weak performance in number sense. They argue
that teachers empowered with knowledge and appreciation for number sense will be more
likely to attend to number sense when working with students.

This research project relates to the development of number concepts in the early
primary mathematics curriculum with particular reference to Infant classes (Republic of
Ireland) and the Foundation Stage (Northern Ireland). The aim of the project was to develop
a resource of key vocabulary and teaching and learning strategies to support teachers’
planning and teaching in early number. The two main research questions related to this
project are as follows: (1) What is the core vocabulary children require to understand,
communicate and apply early number concepts?; and (2) What approaches/strategies could
assist teachers in their planning and teaching of the language of early number?

This paper documents the development of the resource. The theoretical perspectives
underpinning the development of a resource of key vocabulary and teaching and learning
strategies for teachers to support their planning and teaching in early number are outlined
with regard to achievement in mathematics, number sense, language and mathematics, a
socio-cultural perspective on learning and the role of the teacher. A detailed account of the
methodology employed is then presented. The latter part of the paper examines the structure
of the resource, and the outcomes and benefits of the project in terms of children, teachers,
teacher educators and the researchers themselves.

Achievement in mathematics

Although considerable attention has been devoted to mathematics achievement at primary
and secondary levels, the foundations for learning mathematics are established much earlier
(Clements and Sarama, 2007; McCain and Mustard, 1999). By the time children enter
preschool, they demonstrate wide individual differences in their mathematical knowledge,
with children from high and middle socioeconomic status (SES) families showing higher levels
of mathematics achievement than their lower SES peers (Klibanoff et al., 2006). Such early
differences are a matter of some concern since levels of mathematics knowledge at the time
children enter school have been shown to predict later achievement (Duncan et al., 2007).
Early mathematics skills are an integral part of the young child’s overall school readiness skills
(Austin et al., 2011). If children can learn to think mathematically and to express their
thoughts in mathematical terms during the preschool years, then they are better prepared to
learn formal maths concepts upon school entry (Ginsburg, Lee and Boyd, 2008). Children who
have higher levels of mathematics skills as preschoolers have been shown to make the most
progress in mathematics during the first years of schooling (Starkey and Klein, 2008; Aunola
et al., 2004). Austin et al. (2011) argue that neglecting mathematics in the early years might
hamper not only children’s mathematical development but perhaps their literacy skills as
well. In fact, Duncan et al. (2007) found that early mathematics knowledge is a more powerful
predictor of later achievement than early language and reading skills. Success in mathematics
in the early years is critical. Early differences have long-lasting implications for later school
achievement (Klibanoff et al., 2006). Levels of mathematical competency also impact on the
need to meet the demand for high levels of mathematical skills to satisfy growing needs for a
scientifically and technologically sophisticated workforce (NRC, 2009).



Number sense

The term ‘number sense’ has been a notable aspect of mathematics education literature over
the last twenty years (Howell and Kemp, 2009). Although the importance of number sense in
school mathematics has been highlighted by many national reports (NRC, 2009; NCTM, 2000;
AEC, 1991; Cockroft, 1982), there is no consensus on a precise definition of the term. Over
thirty years ago, Cockcroft (1982) established that a ‘feeling for number’ is an important
mathematical requirement of adult life and used the word ‘numerate’ to imply the possession
of two attributes:

an ‘at-homeness’ with numbers and an ability to cope with the practical mathematical
demands of everyday life .... an ability to have some appreciation and understanding of
information which is presented in mathematical terms, for instance in graphs, charts or
tables or by reference to percentage increase or decrease. (Cockcroft, 1982, p. 11).

More recently, ‘numeracy’ is highlighted in national strategies north and south of Ireland
(DES, 2011; DENI, 2011) and is defined as “the ability to use mathematics to solve problems
and meet the demands of day-to-day living” (DES, 2011, p. 8) or “the ability to apply
appropriate mathematical skills and knowledge in familiar and unfamiliar contexts and in a
range of settings throughout life, including the workplace” (DENI, 2011, p. 3).

The introduction of the term ‘number sense’ was aimed at embracing a range of real-
life applications of number as well as balancing the traditional skills-based curricula with
approaches which included other aspects of number (Dunphy, 2007). Number sense, in
curriculum documents worldwide, refers to “flexibility” and “inventiveness” in calculation and
is a reaction to an “overemphasis on computational procedures devoid of thinking” (Anghileri,
2000, p. 2). The National Mathematics Advisory Panel (2008) states that number sense, in its
most fundamental form, entails “an ability to immediately identify the numerical value
associated with small quantities (e.g., 3 pennies), a facility with basic counting skills, and a
proficiency in approximating the magnitudes of small numbers of objects and simple
numerical operations” (p.27). A more advanced type of number sense, which must be
acquired through formal instruction, necessitates an understanding of place value, of how
whole numbers can be composed and decomposed, and of the four basic arithmetical
operations (addition, subtraction, multiplication and division); it also requires understanding
the commutative, associative and distributive laws and how these can be applied in problem
solving (NAP, 2008).

The development of number sense begins long before children begin formal schooling
(Anghileri, 2000; Mclntosh et al., 1992). Mclntosh et al. (1992) identify three core elements
in their framework for examining number sense: knowledge of and facility with numbers;
knowledge of and facility with operations; and application of this knowledge to computational
situations. However, Dunphy (2007) argues that this does not explicitly acknowledge the
nature of learning in the early years.

The development of number sense in the early years

Howden’s (1989) description of number sense is rooted in children’s experiences. She
describes children who are developing number sense as those who have “a special feel for
numbers, an intuition about how they are related to each other and the word around them”
(p. 6). For young children much of their learning will take place in familiar everyday situations,
and it is therefore necessary to consider the context as an important aspect of number sense



(Dunphy, 2007). Furthermore, Dunphy (2007) posits that an understanding of the everyday
uses of number necessitates an awareness of the various uses of numerals. Such knowledge
involves recognising that the same symbol can have different meanings in different situations
(Gray, 1997; Greeno, 1991). For example, the number ‘5’ can be used to describe a quantity
(such as five candles on a birthday cake), to indicate a position (such as a house number), and
to help identify something (such as a bus). According to Greeno (1991), children must learn
to recognise the ambiguities of symbols and the need to pay attention to the context or
situation in which the symbol is being used. This is important from a socio-cultural
perspective, since it acknowledges the context as part of the meaning.

Research has shown, that objects provide concrete ways for children “to give meaning
to new knowledge” (Ontario Ministry of Education, 2003, p. 19). Through reflection and
discussion on their actions with objects, children link meaning between their representations
and the key mathematical concepts (Clements and Sarama, 2009). Although informal
mathematics concepts can develop naturally through play and exploration, purposeful social
interaction helps to consolidate and extend children’s mathematical understanding (Starkey
and Klein, 2008; Saxe et al., 1987). It is argued that formal mathematics skills, which are more
dependent on instruction by knowledgeable others, best develop through guided discovery
and instruction (Austin et al., 2011). In either case, social interaction appears to be an
important facilitator in the development of understanding of mathematical concepts.

Greeno’s (1991) analysis of number sense explicitly acknowledges the role of the
adult, highlighting that “someone who already lives in the environment is an important
resource for a newcomer” (p. 197). Dunphy (2007) supports this view since it places greater
emphasis on the conditions of learning rather than the ‘what’ aspect. In her opinion, “the
development of their [young children’s] number sense needs to be guided by more
experienced others and is intrinsically bound up in everyday experiences” (p. 9). Through
guided participation in a range of meaningful mathematical experiences, young children
become more skilled in understanding and using number.

Disposition is identified as an important aspect of learning mathematics (De Corte et
al., 1996). Indeed, Silver (1989, p. 92) contends that disposition towards number activities is
“an important, more subtle aspect of number sense” than cognitive competence. Anghileri
(2000, p.2) also recognises that “the nurturing of a positive attitude and confidence” is vital
in relation to number sense. Children have an active role to play in the development of their
own disposition towards number by participating in number-related activities (Dunphy, 2007;
Rogoff, 1990).

From a socio-cultural perspective, number sense is best described as a multi-faceted
concept that, for the purposes of discussion and analysis, can be described as having a number
of different aspects (Silver, 1989). Dunphy (2007) identifies five key characteristics of number
sense:

® |t is a holistic construct that is difficult to define;

® |t is concerned with the development of a wide range of understandings, skills and
attitudes about number that extend beyond those generally associated with
numeracy and encompass everyday uses;

® |tis manifested in the ability to think flexibly about number;

® |tis closely related to the development of numeric disposition;

e |t is developed as a result of participation in everyday experiences with and about

number. (p. 11).



Based on the premise that number sense in young children will be different from that of older
learners (Carpenter, 1989), Dunphy (2007) presents the following framework for considering
number sense as it relates to four year old children: pleasure and interest in number;
understanding of the various purposes of number; quantitative thinking (such as counting,
subitizing and estimating; and number relationships); and awareness and understanding of
written numerals. The framework is consistent with a socio-cultural perspective on learning.

Language

“Communication can be defined as the exchange of thoughts, information, or feelings. The
ability to communicate is at the very heart of early learning and development” (NCCA, 2003,
p.29). For most children, language is the dominant form of communication. Language is the
ability to communicate with others using a system of symbols which is organised into words
and sentences and embraces oral, written, and manual communication, and consists of
content (or vocabulary and word meaning), form/syntax (or sounds and sentence structure),
and social use of language (NCCA, 2003). According to Vygotsy (1978), concepts are first
introduced on an interpersonal level through social interaction and then develop, integrate
and expand intrapersonally, as children work to understand and use the concept. On both
levels —interpersonally and intrapersonally — language serves a primary role in understanding
and mastering what is learned. Language, “the primary cultural tool ... is instrumental in
restructuring the mind and in forming higher-order, self-regulated thought processes” (Berk
and Winsler, 1995, p. 5).

Language also plays a crucial role in helping children to use other cultural tools,
including the notational systems of writing and counting (John-Steiner and Mahn, 1996), and
is necessary to understand (Jordan et al., 2007) and express (Ginsburg et al., 2008) other kinds
of mathematical thinking. Although the notational system for numbers is governed by
different rules than those for writing, Austin et al. (2011) argue that the process of developing
facility with one cultural tool enables the child to gain better facility with another. Further, it
appears that proficiency in language is a key factor in predicting proficiency in mathematics
(Austin et al., 2011).

Language and mathematics

Language is fundamental to education because it is the major form of representation of
cultural knowledge and the principal medium of teaching. A large part of a child’s language
experience is verbal and it is through oral language activity that much of his/her learning takes
place, both in and out of school (NCCA, 1999). Although studies have shown that specific early
language and literacy practices predict later language and reading achievement, much less is
known about the nature and frequency of early mathematical interactions, including
language, and about the extent to which these interactions affect the development of
children’s mathematical knowledge. The nature of the relationship between language and
mathematical cognition is currently the subject of much debate (Donlan et al., 2007). While
some argue that increasing the time spent on mathematics activities could decrease time
available to spend on language activities, thus impeding children’s development of language,
Sarama et al. (2012) argue that this is based on the assumption that mathematics activities
have little or no positive effects on language. However, evidence from both educational and
psychological research suggests that language and mathematics have co-mutual beneficial
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influences. For example, development in both domains appears to follow similar pathways
(Sarama et al., 2012). Children generally begin learning number words at the same time as
other linguistic labels. By the age of two, most children recognize which words are reserved
for numbers and use such words only in appropriate contexts (Fuson, 1988). By the age of six,
most children have been exposed to both alphabetic and numerical symbol representations
and show signs of being able to segment words into phonemes and partition numbers into
component parts (Butterworth, 2005). Further, Sarama et al. (2012) suggest that
mathematics learning has the potential to make a unique contribution to children’s emerging
literacy.

Over the past twenty years, there has been a noticeable shift in curricula, both
nationally and internationally, towards engaging children in mathematical thinking. This is
evident in the framework for the OECD Programme for International Student Assessment
(PISA), where mathematical literacy is described as being “concerned with the ability of
students to analyse, reason, and communicate ideas effectively as they pose, formulate,
solve, and interpret solutions to mathematical problems in a variety of situations” (OECD,
2010, p. 14). Likewise, the Northern Ireland Primary Curriculum states:

As the development of mathematical language is of fundamental importance, talking about
work has a high priority in the early years. Through engaging in a wide variety of activities,
children should understand mathematical language and then begin to use the language to
talk about their work. (CCEA, 2007, p. 23).

The Republic of Ireland’s Primary Curriculum states that:

an important aim of the mathematics programmes is to enable the child to use
mathematical language effectively and accurately. This includes the ability to listen,
guestion and discuss as well as to read and record. Expressing mathematical ideas plays an
important part in the development of mathematical concepts. (NCCA, 1999, p .12).

Communication and language become the primary means by which mathematics is
learned (Lampert and Cobb, 2003). Shiel et al. (2012) identify a number of important
consequences if mathematics is to be taught through language. First, developing proficiency
in computation skills, devoid of context, is no longer sufficient. Second, there needs to be
greater attention on mathematical discussion, with a particular emphasis on children
explaining their reasoning as they solve problems set in real-life contexts. Shiel et al. (2012)
argue that, in all mathematics lessons, there should be a focus on teaching through
discussion, as well as on developing the precise meanings of mathematical terms.

A number of studies show that children’s language acquisition is related to the overall
amount of language input they receive (Weizman and Snow, 2001; Hart and Risley, 1992;
Huttenlocher et al., 1991). Furthermore, the specific lexical terms acquired appear to be
sensitive to variations in the amount of input. It therefore seems reasonable to suggest that
children’s acquisition of mathematical language is also related to the amount of ‘math talk’
they are exposed to. Klibanoff et al. (2006) contend that the amount of teachers’
mathematics-related talk is significantly related to the growth of young children’s
mathematical knowledge. In other words, teacher input that helps children to learn the
language of mathematics will have a positive impact on the development of their
mathematics skills. Although acquiring the language of conventional mathematics is only a
part of developing understanding in mathematics, it is an important tool for fostering
mathematical thinking.



Dunphy (2006) highlights the critical nature of children’s interactions with adults as
the foundation for their understandings about number. The teacher plays a pivotal role in
developing number sense:

Responding to children's curiosity and interest about numbers, encouraging children to use
number as a means of organising and communicating their experiences, modelling of skills
related to quantification, and drawing children's attention to the use of numerals in

different contexts are also essential pedagogical tasks for the early years’ teacher. (Dunphy,
2006, pp. 72-73).

Clearly, this requires an emphasis on talking about number. Furthermore, mathematical
activities and discussion should be embedded in meaningful and engaging contexts.

A socio-cultural perspective on learning

Both socio-culturalists and constructivists recognise the importance of individual activity in
learning. While constructivists prioritise psychological processes, socio-cultural approaches
give priority to the context for learning, placing emphasis on “the conditions for the
possibilities for learning” (Cobb and Yackel, 1998, p. 184). According to Rogoff (1998), learning
arises from both individual activity and participation in social activity. Rogoff’s (1995) view is
that individual learning cannot be understood outside of an activity or of the people
participating in it. She views learning as the development of mind in socio-cultural context.
Children’s active participation in an activity is regarded as an important element of the
process by which they gain mastery. Rogoff (1990) conceives of children as “apprentices in
thinking, active in their efforts to learn from observing and participating with peers and more
skilled members of their society” (p. 7). As children engage in culturally valued activities, they
become more responsible participants. However, Rogoff (1995) argues that children need to
be guided in that participation and she explains the term ‘guided participation’ as

The processes and systems of involvement between people as they communicate and co-

ordinate efforts while participating in culturally valued activities. This includes not only

face-to-face interaction ... but also the side-by-side joint participation that is frequent in

everyday life and the more distal arrangements of people’s activities that do not require

co-presence.... The ‘guidance’ referred to in guided participation refers to observation, as
well as hands on involvement in an activity. (Rogoff, 1995, p. 700).

From a socio-cultural stance, learning is seen to be a consequence of collaboration in social
activity.

Methodology

The aim of the project was to develop a resource of key vocabulary and teaching and learning
strategies for teachers to support their planning and teaching in early number. The proposed
research questions included: (1) What is the core vocabulary children require to understand,
communicate and apply early number concepts?; and (2) What approaches/strategies could
assist teachers in their planning and teaching of the language of early number? Cooper’s
(2007) model of research synthesis was adapted for the project, namely: step 1, formulating
the problem; step 2, searching the literature; step 3, gathering information from literature
sources; step 4, evaluating, analysing and integrating the studies; step 5, interpreting the
evidence, and step 6, developing the resource. Ethical approval was sought from the Research
and Ethics Committees of St. Angela’s College and Stranmillis University College at the outset



of the project. The ethical guidelines of both institutions were adhered to throughout the
project.

The research methodology utilised in the project was documentary analysis. During
this review, books, papers, research reports and policy documents using library and internet
sources were consulted and reviewed. The areas of focus emphasised children’s development
of number, mathematical language and intervention techniques/strategies used to support
the development of number and language. The principal focus of the research was on recent
national and international research from an lIrish, UK and international perspective. The
researchers completed a rigorous literature search examining the role of mathematical
vocabulary and language in the acquisition of early number. In addition, evidence-based
research was reviewed to identify strategies supporting the teaching and learning of early
number concepts.

Major Education and Social Science Databases (for example, ARAN-NUI Galway’s
Institutional Repository; Australian Education Index; British Education Index; Education
Research Abstract; ERIC; PsychINFO; SCOPUS-V.4; International Bibliography of the Social
Sciences; and the Mathematics Didactics Database; Swetswise; Teacher Reference Centre)
were searched using search terms such as mathematical language, language development,
development of mathematical language, analysis of number, early number concept, number
sense, and so on. Emphasis was given to peer-reviewed sources. Use was also made of
national and international statistical surveys of pupils' achievement and progress in
mathematics (Eivers et al., 2009; OECD, 2009) and of curriculum documents north and south
of the border (CCEA, 2007; NCCA, 1999). These sources provided an extensive basis of
documentary evidence and information. Documents were evaluated and critiqued on four
criteria, namely: authenticity (genuineness); credibility (accurate, free from bias and errors);
representativeness (typical of its type); and meaning (clear and unambiguous) (Denscombe,
2004).

The analysis of documentary evidence was the central and exclusive research method.
Content analysis was considered the most appropriate approach in analysing the documents.
It was important that appropriate categories and units of analysis, both of which reflect the
nature of the documents being analysed and the purpose of the research were identified
(Cohen et al., 2004). The studies were reviewed and compared and conclusions drawn
concerning the nature of early number concepts and language. The findings of the
documentary analysis were used to develop a resource in early number concepts for teachers.

As already stated, this project gathered data from the analysis of secondary sources,
namely document analyses. In this sense, no defined research sample was involved in the
project. As this research project centred on the development of a resource, there was need
for a cohort of teachers to review it. The resource was piloted and reviewed by teachers of
infant classes (Republic of Ireland) and the Foundation Stage (Northern Ireland). This process
involved teachers familiarising themselves with the resource, implementing the activities and
strategies in their classrooms with a focus on facilitating ‘math talk’, and subsequently
critiquing the resource through the use of an evaluation form.

The review process was completed in three stages (February/March 2013; May/June
2013; and September/October 2013) as each section of the resource was completed.
Teachers in junior and senior infant classes in the Republic of Ireland and in the Foundation
Stage in Northern Ireland were involved in the pilot of sample activities. Teachers in a Special
School in Northern Ireland were also involved in the final stages of the project. At each stage
of the review process, teachers were provided with a pack which contained an introductory



letter explaining the project, a sample of number activities to pilot, and an evaluation form to
complete. The evaluation form evolved to meet the requirements of the particular section
being reviewed. It included statements which teachers responded to, using a five-point Likert
Scale. Qualitative feedback was also sought regarding the strengths of the resource; possible
improvements that could be made in relation to presentation, layout and content; and any
other recommendations on further activities. The evaluation forms for the three pilot phases
are included in Appendix 1.

The design process of developing the resource included an invitation to tender in both
jurisdictions. Three quotations from design companies were considered and the successful
recipient demonstrated the ability to develop a teacher friendly, high quality attractive
product. Discussions between the researchers and the design company focused on the
presentation and layout of content, use of images and accessibility. This resource is included
with this submission.

Outcomes

The principal outcome of the project was the production of a teaching and learning resource
for teachers in the area of early number concepts with an emphasis on developing associated
language. As such, the resource is entitled: ‘Number Talk: a resource to promote
understanding and use of early number language’ (Casserly, Moffett and Tiernan, 2014). It
is important to acknowledge that this resource builds on materials already developed for
teachers. Based on the analysis of documentary evidence, it was decided to organise the
resource into three core areas: Number and Counting; Number Relationships; and Number
Operations.

The Number and Counting core focuses on the different uses of number and draws
attention to the use of number symbols; the five key principles that underlie counting are
highlighted, namely: the one-to-one principle, the stable-order principle, the cardinal
principle, the abstraction principle and the order-irrelevance principle (Gelman and Gallistel,
1978); conservation of number is also addressed. Key language in this section includes count,
counting words (one, two, three, and so on), zero, forwards, backwards, how many,
altogether, total, ordinal language (such as first, second, third, last), odd and even.

The Number Relationships core focuses on comparing, ordering, partitioning and
combining numbers. Particular emphasis is placed on the structure of numbers. Instead of
counting-by-ones, children are encouraged to use their emerging knowledge of the five and
ten structure of numbers, using five and ten as reference points. Activities with spatial
arrangements and finger patterns are also provided to support the development of children’s
arithmetic strategies. Key language in this section includes more than, fewer / less than, the
same as, match, pair, after, before, between, bigger, smaller, one more, one less, pattern,
same, different, altogether, make, and, partition, set and subset.

Finally, the Number Operations core concentrates on early addition and subtraction.
Various structures of each operation are considered. Two main structures of addition are
addressed: the aggregation (union of sets) and augmentation (counting on). Five main
structures of subtraction are addressed: partitioning (taking away); comparison (difference
between); complement of a set; reduction (counting back); and inverse-of-addition. The main
emphasis is on partitioning and comparison in the early years. The relationship between
addition and subtraction is also highlighted. Key language in this section includes: and, add,
plus, how many, altogether, more, take away, left, subtract, minus, difference between,



more, fewer / less, count on, count back, increase, decrease, makes, is, gives, equals, leaves,
balances, and matches.

With a view to empowering teachers (Yang et al., 2009), each of the three core
sections begins with an overview explaining the underpinning mathematical concepts and
principles; a table setting out the key vocabulary and examples of learning experiences
associated with the important mathematical ideas outlined; and a table indicating the main
areas of focus for each of the activities which follow. This allows teachers to identify the
language associated with the particular area of early number that they are teaching and to
consider possible meaningful contexts for introducing and reinforcing this language.

Each of the three sections includes a bank of engaging and interactive activities which
can be used in small group and / or whole class situations. Each activity is presented according
to the following subheadings: mathematical focus, key vocabulary, resources required,
activity and possible interactions, taking ideas further, and assessment opportunities. The
structured approach to the activities enables children to learn the correct number
terminology from the outset. The activities promote the use of meaningful contexts such as
play, games, songs, stories and rhymes. The use of real-life objects as learning tools to help
children consolidate their understanding and explain their thinking to others is also
recommended. Throughout the activities, children are encouraged to make connections
between real-life experiences, pictorial representations, symbols and language (Haylock,
2011).

In addition to the three core sections outlined, the resource also includes introductory
guidance material on the provision of a number rich environment, ideas for developing
number across the setting, and suggestions for promoting home-school links.

Feedback from teachers

Feedback from teachers who piloted the resource activities was extremely positive. Their
responses and comments have been summarised under the following headings: Layout and
presentation; Content; Impact on teacher practice; General comments and
Recommendations for improvement.

Layout and presentation

Good structure. Easy to follow.

| felt the layout was very clear and the use of italics made it easy to follow in the
class context.

The layout of the resource is very teacher friendly. If there are children in the class
struggling with a particular concept in number then it is easy to source activities
from this resource booklet.

It has been put together in a way that makes it a workable teacher document and
allows teachers to add their own findings.
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Page set-up perhaps all the same (portrait or landscape). Ring-binder — some of the
pages came out after so much use.

Would love activities in book form ... as | would keep it at hand for daily use.
The presentation in this format is very good. A suggestion would be to produce it in

a more colourful format using illustrations. If it were produced on card each idea
could be used as a single item and would be more durable.

All of the teachers indicated that they understood the purpose of the resource and agreed
that it was user friendly and easy to follow. At the first stage of the pilot, teachers were given
the activities in a spiral bound booklet. All of the activities were presented on A4 pages; the
introductory section was presented landscape whilst the activities were presented portrait.
Some of the suggestions were addressed for subsequent stages in the project.

Content

Excellent planning for key language. Lessons very well structured. Varied activities
— well thought out. Active learning evident.

Very useful bank of activities to support my teaching.
Broad range of ideas, questions, etc. Very comprehensive.

Clear and comprehensive resource. Keeps the teacher in touch with the basic
activities that are so important.

The key vocabulary sections are very useful. It allows you to identify key words the
children should be able to identify and understand.

We will be integrating this into our maths planning.
Activities appropriate for ability and interest level of children.

All activities are exactly pitched and are very consistent with the approach we
already use in Foundation Stage classrooms in my school.

Language used is appropriate and nicely laid out.

Strengthening and challenging activities included.

I could not use most of these activities [Number Operations] in early Senior Infants.

11



| feel that most of the content of the Number Operations section is not yet suitable
for children in Sept/Oct of Senior Infants.

All of the suggested activities teachers can alter themselves.
I initially used it with my weaker children but then | changed the numbers (eg.,
moved from working within 10 to 20/30 with my top group) and carried out some

of the activities with enlightening results.

The resource allows for differentiation in each year group.

Teachers indicated that the resource provided excellent material which would serve to
support them in their planning for teaching early number. The majority of teachers agreed
that the resource was appropriate for children in Infant classes (Republic of Ireland) and the
Foundation Stage (Northern Ireland). It is important to note that teachers were invited to
pilot the activities at specific stages throughout the project. In some cases, the activities being
piloted were too advanced for children as material had not yet been taught. However,
teachers did demonstrate an ability to adapt the activities to suit.

Specific feedback was sought regarding content of different sections as detailed
below.

Introductory guidance material

Great introduction with focus, vocabulary and learning experiences clearly set out.

The introductory section is an excellent reminder of the appropriate mathematical
language we should be using.

| enjoyed reading the Number and Counting introduction. It was very clear and
informative.

Super overview of counting activities. | would keep this with daily notebook. It covers
all areas of play based learning and great as a check to ensure children have lots of
variety when counting.

Teachers agreed that the introductory guidance material for each of the three core
sections was a valuable part of the resource and helped to reinforce the key aspects
of number and associated vocabulary in the early years.
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Activities

The mathematics focus is very clearly outlined. The associated mathematical
vocabulary is also very clear.

Key number vocabulary is clearly identified in each lesson plan. Lesson plans are
clear and logical. The ‘taking ideas further’ sections provide opportunities for
consolidation work.

The activities are practical, relevant and engaging.

Enjoyable and meaningful contexts. Children engaged in real-life and playful
contexts. Well-structured lessons with emphasis on developing mathematical
language.

Activities such as these would greatly benefit their understanding of the number
concepts.

Easy to adapt to resources you have available.

‘Rhythmic body counting’ essential in Primary 1. A lot of children find co-ordination
of movements difficult.... Good to combine with number.

‘Human number line’ lesson well thought out. Children loved the opportunities to
be actively involved. Children engaged in the experience.

The ‘Fruit bowls’ activity is visual and practical. It is exactly the kind of activity that
helps the children to talk about and demonstrate their thinking.

We used ‘Number tracks’ with number to 20. It was great. Children loved it!! This
is an excellent idea.

‘Baker’s shop’ — the extension activity (putting prices up by counting on 1p) is
useful for differentiation.

‘Ten fat sausages’ — this activity produced good interaction, discussion and use of
mathematical language (“We are learning to count down.” / “We are learning to
take away.”) Another child linked this with component knowledge. When counting
one back from four she suggested, “3 and 1 is the same as 4.”

Teachers agreed that the activities were clearly outlined and relevant associated vocabulary
was clearly identified. They also welcomed the range of meaningful contexts. Some teachers
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also indicated that they had adapted the activities to suit the resources available within their
classrooms. Some teachers highlighted particular activities that had worked well.
Promoting Number Across the Setting (Introduction section)

Number Across the Setting is a great ‘checklist’ to ensure that the teacher is
covering all of the everyday activities that complement the discrete maths
lesson.

Play activities are clearly sorted into various structured play areas. Lots of ideas
to promote number through play activities and classroom discussions.

Lots of very useful play activities in this resource which will match many play
topics. A useful tool to encourage teachers to promote number across the

Foundation Stage setting.

I really like the Number Across the Setting section. It links in very well with the
Aistear programme that we have in place in the Senior Infant classroom.

It provides a good bank of idea questions to ask during play time.

A wide range of interesting and thought provoking activities. The use of role-
play and suggested activities of children getting actively involved were great.

Highlights maths is all around us. We use maths everyday often without
realising it.

This section of the resource was completed in the final stages of the project. Feedback was
highly positive. There has been a greater emphasis on playful learning experiences across the
curriculum since the introduction of the Northern Ireland Primary Curriculum (CCEA, 2007)
and the Aistear Curriculum Framework (NCCA, 2009). Teachers welcomed the wide range of
ideas for promoting number across all aspects of the learning environment.

Impact on teacher practice

Activities thoroughly enjoyed by children. Easy to adapt to resources you have
available.

Gives confidence and support for what already goes on in the infant classes.

I had not used puppets with number work before. The children really engaged with
the puppet and it encouraged quieter children to use more vocabulary.
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The resource provides effective support for developing early vocabulary in teaching
mathematics. As there is a bank of ideas there is provision for reinforcing this early
vocabulary.

Quality of teaching and learning has been enriched thus improving numeracy
standards.

Activities provided the children with valuable and quality learning opportunities.

Teachers observed that children enjoyed participating in the activities and some teachers
reported that the resource helped to promote their own confidence. Teachers welcomed the
resource because it exposed them to new ideas and strategies. All of the teachers in
mainstream classes agreed that children in their classes were better able to engage with the
vocabulary of number as a result of using the resource. Some teachers felt that the resource
had served to enrich the mathematical learning experiences in their classes.

General comments

I will be trying out the rest of the resources in the next couple of weeks.
Any further activities most welcome.
Excellent resource for any teacher of Foundation Stage.

It is important to build up a good bank of resources to stimulate and have fun
lessons.

This is a worthwhile project and a valuable resource. My pupils all enjoyed the
activities and were very engaged during each lesson thanks to the variety of
multisensory teaching strategies employed. A useful tool to encourage teachers to
think carefully about the number language used in the classroom setting.

The resource emphasises maths as a ‘talking subject’ which is key in Year 1.

Teachers appreciated being invited to critique the resource and demonstrated an enthusiasm
in continuing to implement the activities beyond the pilot stage.

Recommendations for improvement
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One teacher suggested including activities with Cuisenaire rods as this is an important
resource within her Year 1 class. Some teachers also felt that more pictures, diagrams,
photographs would help to make the resource more attractive. Teachers did demonstrate a
willingness to suggest further ideas and activities would be included within such a resource.
These were carefully considered and integrated within the resource where possible.

Conclusion

The aim of this research project was to provide a resource for practitioners to support them
in their planning and teaching of early number with a view to developing children’s
understanding and use of language with regard to early number concepts both in school and
in their day-to-day lives. It is envisioned that the resource may also be used by personnel
involved in initial teacher education and continuing professional development. The NRC
(2009) recommends that number should be emphasised in the development of early
mathematics and contends that “improvements in early childhood mathematics education
can provide young children with the foundational educational resources that are critical for
school success” (p. 331). The NRC (2009) concludes that pre-service preparation and in-
service development of teachers in relation to mathematics teaching and learning is essential
to effective implementation of early childhood mathematical education. This also links with a
prioritised teacher education issue (teaching of numeracy), as identified in the Numeracy
Strategies, North and South (DENI, 2011; DES, 2011). Ultimately, the resource aims to
facilitate the development of a more numerate society.

The research was made possible by seed funding awarded by the Standing Conference
on Teacher Education, North and South (SCOTENS). The research project meets the objectives
of the SCOTENS by providing a supportive framework for collaborative research and
professional activities in teacher education between St. Angela’s College and Stranmillis
University College. This project consolidated valuable links from both a professional and inter-
institutional perspective and strengthened connections between St. Angela’s College and
Stranmillis University College. The benefits for the partner institutions have included the
development of a collaborative partnership with each other. Frequent meetings between the
three researchers involved have resulted in the sharing of knowledge and expertise. The
reciprocal nature of this sharing has resulted in the two researchers from St. Angela’s College
benefiting from the mathematical expertise of the researcher in Stranmillis University College.
Conversely, the researcher from Stranmillis gained knowledge in the area of language and
special educational needs from her colleagues in St. Angela’s. All three researchers enhanced
their understanding of the teaching and learning of early number concepts in the two
jurisdictions. The developed resource is currently supporting all three researchers in their
work with regard to initial teacher training and continuing professional development of
teachers. During the course of the meetings, rich mathematical discussion ensued regarding
the possibility of further progression of the project. Ultimately, further resources with
reference to the other strands of the early mathematics curricula could be developed.
Alternatively, the number resource could be developed for all class levels throughout the
primary school.

The project adhered to the timelines projected with a PDF of the final resource
available on the agreed date. Cognisance was taken of the financial budget at all stages of the
project, and considered and careful spending was maintained so as to ensure economic value
and transparency. The researchers deem that this project provides good value for money as
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it resulted in the development of a practical and timely resource for early years’ teachers. A
detailed financial report will attest to this.

The resource will be launched in the partner institutions (St. Angela’s College and
Stranmillis University College) as well as at the SCOTENS Conference (2014). The outcomes of
the research project will be disseminated at the following conferences: BCME 8 (Nottingham,
2014), IATSE (Dublin, 2014). ltis also intended to present the outcomes at ILSA (Dublin, 2014),
NASEN (Belfast) and MEI (Dublin).
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Developing Early Counting Vocabulary
Please indicate the year group you used the resource with.

Year group:

Based on your experience of using the resource, please indicate the extent to which you
agree with the following statements by ticking the appropriate box. Please tick one box only.

SD - Strongly Disagree, D — Disagree, U — Undecided, A — Agree, SA — Strongly Agree

SO | D (U A |SA

1. lunderstand the purpose of the resource o |o |o |o |o
2. Theintroductory section is interesting to read o |o |o |o |Oo
3. The resource is clear and easy to follow o |o |o |o |o
4. The resource is user friendly o |o |o |o |o
5. The resource provides a useful bank of activities to o |o |o |o |o

support my teaching

6. The counting activities are clearly outlined o |o |o |o |o

7. The resource highlights the key vocabulary of counting |0 |o |o |o |O

8. As aresult of using the resource, | have a greater O O O O O
awareness of how to promote the key vocabulary of
counting

9. The resource helped me to facilitate children’s o |o |o |o |o

discussion of counting

10. Children enjoyed the counting activities o |o |o |o |o

11. As a result of using the resource, children in my o |o |o |o |o
classroom are better able to engage with the
vocabulary of counting

12. As a result of using the resource, | have observed O O O O O
children in my classroom spontaneously using the
vocabulary addressed in this resource
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We would appreciate any additional comments/suggestions in the section below.

Overall, what do you consider to be the strengths of this resource?

Can you suggest any improvements to this resource? For example, you may wish to
recommend improvements in relation to content, layout, presentation, etc.

Any other comments

Thank you for taking the time to critique this resource. Your feedback is greatly appreciated.

Dr. Ann Marie Casserly Dr. Pamela Moffett Dr. Bairbre Tiernan
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Developing Early Vocabulary in Number Relationships
Please indicate the year group you used the resource with.

Year group:

Based on your experience of using the resource, please indicate the extent to which you
agree with the following statements by ticking the appropriate box. Please tick one box only.

SD - Strongly Disagree, D — Disagree, U — Undecided, A — Agree, SA — Strongly Agree

SO | D (U A |SA

1. lunderstand the purpose of the resource o |o |o |o |o
2. Theintroductory section is interesting to read o |o |o |o |Oo
3. The resource is clear and easy to follow o |o |o |o |o
4. The resource is user friendly o |o |o |o |o
5. The resource provides a useful bank of activities to o |o |o |o |o

support my teaching

6. The activities are clearly outlined o |o |o |o |o

7. The resource highlights the key vocabulary of number o |o |o |o |Oo
relationships

8. As aresult of using the resource, | have a greater O O O O O
awareness of how to promote the key vocabulary of
number relationships

9. The resource helped me to facilitate children’s o |o |o |o |o
discussion of number relationships

10. Children enjoyed the activities o |o |o |o |o

11. As a result of using the resource, children in my o |o |o |o |o
classroom are better able to engage with the
vocabulary of number relationships

12. As a result of using the resource, | have observed O O O O O
children in my classroom spontaneously using the
vocabulary addressed in this resource
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We would appreciate any additional comments/suggestions in the section below.

Overall, what do you consider to be the strengths of this resource?

Can you recommend any further activities in relation to number relationships?

Can you suggest any improvements to this resource? For example, you may wish to
recommend improvements in relation to content, layout, presentation, etc.

Any other comments
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You may wish to provide additional feedback on individual activities in the table below.

Activity Comments

Thank you for taking the time to critique this resource. Your feedback is greatly appreciated.

Dr. Ann Marie Casserly Dr. Pamela Moffett Dr. Bairbre Tiernan
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Developing Early Vocabulary in Number Operations
Please indicate the year group you used the resource with.

Year group:

Based on your experience of using the resource, please indicate the extent to which you
agree with the following statements by ticking the appropriate box. Please tick one box only.

SD - Strongly Disagree, D — Disagree, U — Undecided, A — Agree, SA — Strongly Agree

SO | D (U A |SA

1. lunderstand the purpose of the resource o |o |o |o |o
2. Theintroductory section is interesting to read o |o |o |o |Oo
3. The resource is clear and easy to follow o |o |o |o |o
4. The resource is user friendly o |o |o |o |o
5. The resource provides a useful bank of activities to o |o |o |o |o

support my teaching

6. The activities are clearly outlined o |o |o |o |o

7. The resource highlights the key vocabulary of addition o |o |o |o |Oo
and subtraction

8. As aresult of using the resource, | have a greater O O O O O
awareness of how to promote the key vocabulary of
addition and subtraction

9. The resource helped me to facilitate children’s o |o |o |o |o
discussion of addition and subtraction

10. Children enjoyed the activities o |o |o |o |o

11. As a result of using the resource, children in my o |o |o |o |o
classroom are better able to engage with the
vocabulary of addition and subtraction

12. As a result of using the resource, | have observed O O O O O
children in my classroom spontaneously using the
vocabulary addressed in this resource
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We would appreciate any additional comments/suggestions in the section below.

Overall, what do you consider to be the strengths of this resource?

Can you recommend any further activities in relation to addition and subtraction?

Can you suggest any improvements to this resource? For example, you may wish to
recommend improvements in relation to content, layout, presentation, etc.

Any other comments
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You may wish to provide additional feedback on individual activities in the table below.

Activity Comments
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Activity Comments

Thank you for taking the time to critique this resource. Your feedback is greatly appreciated.

Dr. Ann Marie Casserly Dr. Pamela Moffett Dr. Bairbre Tiernan
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Promoting Number across the setting
Please indicate the year group you used the resource with. Year group:

Based on your experience of using the resource, please indicate the extent to which you agree with
the following statements by ticking the appropriate box. Please tick one box only.

SD — Strongly Disagree, D — Disagree, U — Undecided, A — Agree, SA — Strongly Agree

SD |D U A SA

1. The resource is user friendly O O ] O ]

2. The ideas are clearly presented O O ] O ]

3. The resource provides a useful bank of activities to support O O | O |
my teaching

4. The ideas are appropriate for children in Foundation Stage O O | O |

5. As aresult of using the resource, | have a greater awareness | O O | O |
of how to promote number across a range of learning
contexts

We would appreciate any additional comments/suggestions in the section below.

Overall, what do you consider to be the strengths of this resource?

Can you suggest any improvements to this resource? For example, you may wish to recommend
improvements in relation to content, layout, presentation, etc.
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Any other comments

There may be some further ideas which you wish to recommend for inclusion. Please feel free to
note these below.

Learning context Other ideas
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Thank you for taking the time to critique this resource. Your feedback is greatly appreciated.

Dr. Ann Marie Casserly Dr. Pamela Moffett Dr. Bairbre Tiernan
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