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Abstract

Research of teaching theories and intervention programs internationally and in
Australia suggests that the implementation of numeracy support programs can
improve student achievement levels (Fuchs, 2005; Ketterlin-Geller, Chard &
Fien, 2008; Van Kraayenoord & Elkins, 2004). An intervention program was
conducted for a small group of Year Two students with the aim of improving

their numeracy skills over a 20 week period.

Results of two mathematics assessments, together with information provided by

teachers based on classroom observations and informal assessments were
combined to select a group of twelve students who were considered to be at
risk of developing mathematical difficulties. The program comprised of two 85
minute lessons and one 40 minute lesson per week in a room adjacent to the
Year Two classroom. A social constructivist method of teaching was put into
practice within the structure of a small group setting. A case study approach
recorded the learning journey of each student with an individual profile of each

participant maintained for the duration of the program.

At the conclusion of the program data obtained from formative assessments,
teacher observations, and feedback from the student participants were used to
evaluate the program’s effectiveness. Students who were members of the
intervention program improved their level of basic numeracy skills in the areas
of addition, subtraction, multiplication, division, and humber sequencing, and

also demonstrated a positive disposition towards mathematics.
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CHAPTER ONE

Introduction

This chapter is divided into a number of sections beginning with the context
which includes a demographic profile of the school and description of the
structure within it. This provides an outline of the environment in which the study
took place. Results of Performance Indicators in Primary Schools (PIPS) testing
during the Early Childhood Phase and the later achievement of students during
the Primary Phase present the focal point of the study. Environmental
influences which have an impact on student performance conclude the first
section. The second section provides the rationale for the study, highlighting the
importance of early identification obtained from a formative and summative
assessments followed by measurement and recording of student progress. The
purpose, scope and limitations of the support program together with the creation

of individual profiles direct the research question.

Context

The study took place in a dual campus, independent Perth school. Over 2000
students were enrolled in the school, 900 of whom were in the Primary section.
The campus catered for students from Kindergarten to Year Six and had two
classes of between 30 and 33 students at each year level. Students came from
a wide range of ethnic backgrounds and the Index of Community Socio
Educational Advantage (ICSEA) for the school was 1003, which was within the
national average range of between 900 and 1100. ICSEA is a measure of a
student population which enables schools which share similar populations to be
compared; the higher the number the more advantageous the background of
the students. Data are gathered directly from the school population and
indirectly from the national census, and include variables which influence
education but which the school has no direct control over such as the
educational level of parents or caregivers, and the socio-economic

characteristics of the area.

The Primary section of the school was divided into two phases of learning: Early
Childhood, which comprised Kindergarten to Year Two, and Primary, which

comprised Years Three to Six. The two Year One and Year Two classes



operated in large open plan rooms. Teachers from both campuses collaborated
and planned together; however, each class operated as an independent unit.
Timetabling of the curriculum areas of music, art, dance, drama, Languages
Other Than English, library and sport, which were taught by specialist teachers,
reduced opportunities for shared teaching or grouping of students between two

classes of the same year level.

The school assessed student attainment using PIPS, which was developed in
1991 by the Centre for Evaluation and Monitoring at the University of Durham in
England and is authorised for use in Australia, where more than 25,000
students were assessed using PIPS in 2010. It is an interactive computer
assessment used to identify students who could be at risk of developing a
learning difficulty. Introduced in 2008 for all Pre-primary students in the subject
school, PIPS measures student progress with an initial assessment completed
early in term one and repeated in term four. The 2008 PIPS results indicated
that 56% of the total number of fifty-nine students attending the campus in
which the study took place were at risk of developing difficulty in mathematics or
reading. Of these students 18% were identified with a difficulty in mathematics
and 12% with a reading difficulty. Seventy percent of the students who were

identified as at risk demonstrated difficulty in both mathematics and reading.

The number of Year Three students achieving numeracy outcomes below their
age appropriate level in the school led to scrutiny of teaching practice. During
the Early Childhood Phase the provision of literacy support for students
experiencing difficulty had previously been a priority, with additional support for
students experiencing difficulties in numeracy limited to the Primary Phase. In
2010 my role as the student support teacher at the school was altered to focus
predominately on students at educational risk in the Early Childhood Phase.
This was consistent with a management decision to develop and implement
intervention strategies in the Early Childhood Phase in order to reduce the
numbers of students requiring remediation during the Primary Phase.

Classroom factors have been found to have more effect on student

achievement than intrinsic factors found within individual students. Cuttance



(1998) reported that research found 60% of student learning is influenced by the
school or classroom and the remaining 40% due to influences surrounding the
individual student. In comparison to the busy open plan Year One and Year
Two classrooms, housing over 60 students, the room in which the support
program took place was a small, enclosed, dedicated space with limited
distractions. The room was specifically furnished for group tuition, contained
sound absorbent display boards and carpeted floor which provided excellent

acoustics.

Flexer and Rollow (2009) stressed the importance the acoustic features of a
classroom have on student learning with the need to hear and process
instructions. Wolfram (2012) reported that intruding noises from an adjacent
class in open plan rooms were particularly intrusive and disruptive for students
experiencing learning difficulties. Leistner, Klatte, Seidel and Hellbruck (2010)
described sounds such as chairs moving, and leafing through papers as being
particularly undesirable in rooms with poor reverberation time. They found that
in rooms with poor acoustics students needed to concentrate more on decoding
speech resulting in a lower capacity to process the information given. Results of
research conducted by Whitlock and Dodd (2008) found both teachers and
students raised the level of their voices in rooms with poor acoustics when
students participated in group activities therefore intensifying the unfavourable
listening conditions. It was envisaged that improving the acoustic environment
by reducing noise levels and reverberation would have a positive impact on

student learning in the intervention program.

Rationale

Bryant, Bryant, Gersten, Scammacca and Chavez (2008) advocated the need
for early mathematics interventions to prevent difficulties that result from
inadequate instruction. In comparison to the research and resources invested
into learning difficulties in literacy, mathematics has been very much under
resourced (Graham, Bellert & Pegg, 2007; Swanson & Jerman, 2006). Literacy
development was prioritised in the school in which the study took place with
additional support for numeracy not occurring until students were in Year Three

and had entered the Primary Phase. Milton (2000) reported that the Department
3



of Education, Training and Youth Affairs (DETYA) study, Mapping the Territory
(1998), found only isolated cases in which the school focus was on assisting
students with learning difficulties in numeracy, with identification generally
occurring as a result of state-wide assessment from Year Three. Fuchs (2005)
emphasised the importance of prevention research in mathematics to decrease
the difficulties experienced by students before they became too severe to
remediate. The number of students who experienced mathematical difficulties
during the Primary Phase at the subject school validated the investment of
resources for the development of a support program during the Early Childhood

Phase to improve the numeracy outcomes of students.

Students experiencing reading difficulties have problems with decoding,
comprehension and the development of efficient strategies. Similarly, students
experiencing difficulty in mathematics have problems in basic computation,
language, and reasoning. Students experiencing difficulty may not have
developed an understanding of mathematical concepts taught during previous
lessons and, without success, begin to develop a negative attitude toward
mathematics (Fuchs, Fuchs, Powell, Seethaler, Cirino & Fletcher, 2008;
Gilbertson, Witt, Duhon & Dufrene, 2008). Research conducted by Wu, Farkas
and Morgan (2011) found children may require extra support in mathematics in
order to avoid an academic downward spiral. Ketterlin-Geller et al. (2008)
suggested that supplementing learning experiences through the provision of
support programs allows students to experience success and develop a positive

attitude toward mathematics.

Results of student mathematical achievement in Pre-primary and Year Three at
the subject school emphasised the need for a support program during the Early
Childhood Phase. Fuchs (2005) stated “The primary goal of prevention research
is to decrease mathematical difficulty before that difficulty becomes chronic,
pervasive, severe and difficult to remediate” (p. 350). By the time students
require intensive remediation many no longer have the motivation to try to
improve due to fear of more failure (Fuchs et al. 2008). Ketterlin-Geller et al.
(2008) reported on a lack of effective teaching and support for students who did

not make the expected progress and emphasised the importance of



researchers documenting the effect of interventions aimed at addressing
mathematical difficulties and changing the trajectory of student learning. The
principal of the school in which the study took place deemed the provision of a
support program during the Early Childhood Phase, when the achievement gap
between students experiencing difficulties and their peers is narrow, preferable

to remediation in the Primary Phase by which time the gap has increased.

The provision of an optimum classroom environment was a crucial element of
the program. After being taught in an open plan classroom accommodating over
60 students, in both Year One and Year Two, receiving tuition with eleven other
students in a small room with limited distractions was a significant variation. It
was anticipated this change would lead to improved mathematical outcomes for

the participants.

Purpose, Scope and Limitations of the Study

The purpose of the study was to develop a support program which would result
in an improvement in the achievement levels of Year Two students at risk of
developing mathematical difficulties. Formal standardised tests compare and
measure student performance over time, but Stiggins and Chappuis (2005)
declared feedback from state and national assessments too infrequent and
broad to be useful, and suggested classroom assessment of students’
mathematical understanding needs to be timely for effective teaching. Ketterlin-
Geller et al. (2008) noted that the lack of basic numeracy skills in the junior
years prohibited the addition of new understanding in the middle years of
school. The provision of additional support in numeracy typically occurred when
a student had developed an academic achievement level approximately two
years behind their year level peers as evidenced in standardised assessments
used during the Primary Phase. Shinn (2004) suggested the key to preventing
difficulties and later failure in mathematics is through early identification of
students who may be at risk and by providing appropriate early intervention.
The support program during the Early Childhood Phase, Kindergarten to Year
Two, which aimed at reducing the need for remediation in Primary Phase,
required the identification of students performing below their peers prior to Year
Three.



Van Kraayenoord and Elkins (2004) reported that regardless of the cause of
difficulty, low achievement results in negative attitudes towards mathematics as
a subject together with low self-concept. Stiggins and Chappuis (2005)
suggested that in order to reduce the achievement gap, students must believe
they are able to experience success, and with each small success a positive
shift in self confidence occurs, which encourages more effort. In addition to
increased numeracy skills, a goal of the program was for the participants to
develop a positive association with mathematics as a result of gaining an
understanding of concepts and experiencing success. Vaughan, Moody and
Schumm (1998) recommended small group instruction as an effective learning
environment in which students are able to practise and receive immediate
feedback. The support program aimed to maintain student interest through
active involvement in lessons by including mathematical activities appropriate
for the students’ current level of understanding. A low student to teacher ratio
allowed for timely feedback, reducing frustration and the development of
negative attitudes towards mathematics. Stiggins and Chappuis (2005)
proposed that if classroom assessments have a clear purpose, deliver an
accurate reflection of student achievement, provide continuous, descriptive
feedback and involve students in the assessment process, the achievement gap
between students can be narrowed. During the course of each lesson student
involvement was sustained with feedback provided instantly as students worked
through problems together with the teacher.

Milton (2000) reported that basic computation skill, word problems, the
language of mathematics and mathematical reasoning were the key areas in
which students experienced difficulty. The fundamental numeracy skills
addressed throughout the program were initially based on results of formative
assessment which preceded the program and on summative assessment of
students’ demonstrated competencies. Wright (2003) found close observation of
students enabled detailed understanding of students’ application of strategies
from which teaching programs are able to be adjusted to students’ style of

learning. To enable higher order learning once the students had achieved



mastery of fundamental numeracy skills, learning activities provided

opportunities for repeated practice of basic concepts.

During the course of the study a profile of individual students was developed
from informative observations by teachers, results of pre and post-assessments
and data obtained through students’ participation in activities during lessons.
This information was aggregated to create a summary of the progress of each
student. The impact of the support program on student numeracy achievement

was obtained from an analysis of the student profiles.

Research Question
The research question was developed to investigate the influence of a

numeracy support program for Early Childhood Students in the subject school.

The research question was framed as:
How does a support program in a small group setting impact on the
mathematical achievement of Year Two students identified as being at

risk?

Summary

Review of literature and results of student achievement within the subject
school supported the implementation of intervention during the Early Childhood
Phase. Formal assessment conducted during Pre-primary provided data which
identified students at risk in numeracy. The influence of environmental factors
such as poor acoustics and noises from adjacent classes substantiated the
practice of withdrawing a small group of children to a specially furnished room,
isolated from the distractions of the large, open plan classroom. The program
was developed with a low student to teacher ratio to enable close observation,

opportunities for repeated practice and timely feedback.



CHAPTER TWO

LITERATURE REVIEW

Introduction

A review of the terms and definitions applied to students who are experiencing
difficulty in mathematics is followed by how the term ‘at risk’ was applied to
student participants in the case study. The academic growth trajectory of
students at risk and the potential for a downward spiral if intervention does not
occur precedes an outline of the challenges faced by classroom teachers,
including the need to provide instruction for a wide range of student ability whilst
following a prescribed curriculum. The common cognitive processes linking
literacy and numeracy demonstrate the impact literacy skills have on numeracy
development. An analysis of explicit and constructivist teaching methods
combined with lesson content and teaching strategies to maximise student
achievement is provided. A summary of numeracy programs developed to
support students experiencing difficulty in mathematics in Australia follows
concerns identified worldwide regarding students performance in mathematics.
The chapter concludes with a review of the formal and informal assessments
including diagnostic, individual interview, observation and how these were

incorporated into the study.

Students At risk

Van Kraayenoord and Elkins (2004) found that support for students at risk in
Australia varied between states, sectors and schools with the terms
‘Mathematics disability’ and ‘Mathematics difficulty’ applied to students
underperforming in mathematics. Generally, mathematical difficulty included
children underachieving with or without a disability. Mazzacco (2005) found
teachers used a range of assessment tools to identify students who would
benefit from additional support and although research has been conducted,
inconsistency exists both with terminology and measurement of the level of
student mathematical difficulty. The inconsistency, lack of a common criteria
and definition of at risk complicates the diagnosis of a student’s difficulty. In
Australia the term learning difficulties is often applied to students who are not
developing skills at the expected level and learning disabilities to students with

severe long term problems (Van Kraayenoord & Elkins, 2004). Studies by



Australian researchers estimate between 3% and 30% of children experience
difficulty in mathematics and require additional support. In a survey of 377
Australian primary schools, for the ‘Mapping the Territory’ report, Rohl and
Milton (2002) reported that in over half of the schools, 10-30% of students
experienced difficulties in mathematics but support programs for these students
were few in number. Doig (2005) found that interpretation of the definition and
the geographical location of students had a significant influence on the
statistics, with rural and remote areas recording higher percentages of students
who were classified as being at risk. For the purposes of the study the term ‘at
risk’ included students identified by their teachers and through diagnostic

assessment to be underachieving.

Students classified as being at risk have limited prospects of achieving
reasonable educational outcomes without the provision of additional support.
They exhibit a flat academic growth trajectory, make significantly slower
progress and steadily fall further behind their peers (Fuchs, 2005; Templeton,
Neel, & Blood, 2008). Torbeyns, Verschaffel and Ghesquiere (2004) stated that
as age and experience increase, students without mathematical difficulties are
able to more successfully choose an appropriate strategy to solve a problem.
Alternatively, students with mathematical difficulties have access to fewer
strategies and have less accurate fact recall, resulting in the gap between the
groups widening. What begins as a small difference develops into a spiral of
deficits known as the ‘Matthew Effect’ (Stanovich, 1986). In education, the
Matthew Effect is the notion that while good students continue to improve,
weaker students fall further behind their peers. Sherman, Richardson and Yard
(2005) expressed concern that when the content of mathematics lessons is
disconnected from the ability of students at risk they will remain lost unless
there is appropriate intervention provided to assist students to master the
concepts. They suggest that the earlier intervention is provided, the lower the

remediation content of the program.

The challenge faced by teachers to cater for the large range of mathematical
abilities in their classes, while maintaining appropriately paced instruction was

recognised in research by Evans (2007). Classroom teachers are responsible



for the provision of teaching programs which assist all students to achieve the
outcomes outlined in the curriculum, within a set time frame. In order to
accommodate the needs of students with learning difficulties in mathematics,
teachers must be knowledgeable of the most effective teaching approach to
cater for the full range of student ability. Adjustments must be made to
numeracy programs to ensure students with learning difficulties are catered for
through instructional methods and manipulation of the environment, which can

be difficult without appropriate resources, additional assistance and time.

Ketterlin-Geller et al. (2008) expressed concern that the length of a typical
mathematics lesson does not provide sufficient time for students experiencing
difficulty to master new concepts. This concern was acknowledged by the
National Mathematics Advisory Panel with one of the goals in the development

of the new national curriculum to reduce the crowded mathematics curriculum.

Many mathematics teachers report that the scope of the
curriculum creates pressures to move on to new topics before
students have mastered the current one . . . It is possible to
reduce some of the crowding by dealing with complementary
topics and concepts together, but there may still be a need for the
identification of other mechanisms that can allow teachers to feel
less hurried. (MCEETYA, 2009, p. 12)

Munn (2005) reported on teachers’ anxiety at the need to move on to a new
topic knowing students had not mastered current concepts that were needed to
understand future concepts. This is supported by Graham, Bellert, Thomas and
Pegg (2007) who reported

In the Australian context where students with LD [learning
difficulties] do not routinely attract official funding or intensive aide
support, teachers are increasingly required to make adjustments
to their classroom instruction to accommodate students with
particular learning needs. Because of the pressures in inclusive

classrooms, these modifications, tend to be “on the spot” and do

10



not always provide the intensity and duration of instruction

needed to address persistent learning difficulties. (p. 410)

New concepts require a sound understanding of the previous ones in order for
new knowledge to be built. Opportunities to apply new skills are vital for
consolidation and development of competence. Munn (2005) reported that
students are emotionally affected by mathematical demands they cannot meet.
Rieg (2007) suggested that students at risk had not been able to succeed in a
regular school program and therefore required the provision of an intervention
program. Ketterlin-Geller et al. (2008) recommended that support programs
would improve the achievement of students who had not developed an
understanding of the mathematical concepts during the early years which were
necessary in later years. The intervention program aimed to provide lessons

that afforded sufficient time to reinforce concepts leading to understanding.

Literacy

Impact of Literacy Ability on Mathematical Ability

Literacy and numeracy difficulties are not isolated areas; the overlap cannot be
dismissed, historically being literate encompassed both numeracy and literacy
skills (Westwood, 2008). Research into mathematical difficulties extends
beyond the previously narrow focus of computation to the recognition that
reading difficulties impact negatively on mathematical achievement (Gersten,
Jordan & Flojo, 2005). In order to communicate mathematical understanding,
students require a level of reading fluency that exceeds the decoding level.
Decoding is the strategy used to identify an unknown word by applying
phonological awareness to letter sounds and blending combinations of letters to
arrive at a pronunciation (Department of Education and Training Western
Australia, 2004). Newman, cited in White (2005), maintained that in order to
solve a mathematical word problem a person must first have the ability to read
the text, and gain understanding (comprehend) before being able to process the
information. Fuchs et al. (2008) stated that the difference between the solving of
computation only and solving word problems is the reading of text needed to

understand the information.

11



Zevenbergen (2000) emphasised the need for teachers to take into
consideration the impact literacy has on the numeracy outcomes of students
when teaching mathematics. Students with language difficulties often
experience difficulty with direction, sequence and organisation; skills also
required in mathematics (Wadlington & Wadlington, 2008). The cognitive
process required to learn and retain alphanumeric symbols to memory are
shared by both literacy and numeracy (Munro, 2003). Research by Quinnell
(2011) noted the complexity of the language of mathematics such as with the
terms subtract, take-away, minus and difference referring to the same concept.
Numeracy involves interpretation of information, and a focus on the literacy
used in mathematics is a crucial strategy to be incorporated into teaching

programs.

Perry and Dockett (2008) stated that without age appropriate reading ability, a
student’s mathematical growth is limited. The recognition of the importance of
literacy development on numeracy is evident in the research of Gersten and
Chard (1999) who stated that reading ability had a 60% influence on
mathematics achievement. Fletcher, Denton and Francis (2005) suggested that
a group of students identified as at risk in reading would be similar to one
identified as at risk in mathematics due to the associations between reading and
mathematical difficulties. This was found to be true of the students selected to
participate in the intervention program, with nine of the 12 students also
members of the Year Two literacy support group. While the focus of this support
program was on developing students’ mathematical skills, students’ literacy

skills were acknowledged and catered for during the lessons.

Behaviour

Attentive behaviour and processing speed are significant contributors to student
achievement in mathematics. Research conducted by Hamlett (2005) found that
teachers reported the strongest predictor of students’ mathematical
achievement to be attention or distractibility and suggested a possible cause as
a mismatch between the instruction given and that needed by students with
poor attention. Fuchs (2005) found teachers who rated students on their ability

to concentrate and display appropriate classroom behaviours were able to
12



predict the students who had difficulty solving mathematical word problems.
Teacher participants in research by Maher (2007) reported students with low
aptitude tended to play with equipment during lessons rather than use it
mathematically; the students’ limited ability resulting in a constant need for adult
supervision and interaction. This was found to be relevant to the students who
participated in the study with classroom teachers reporting that those students
who displayed the most off-task behaviour and low levels of concentration in the
mainstream class were also the lowest achievers in the pre-assessment. These
students required frequent monitoring and contact with a teacher in order to
maintain focus and use equipment purposefully rather than play with it. The
study provided a setting for a small group of students with lessons targeted at
their level of understanding which resulted in increased levels of participation

and reduced off-task behaviour.

Teaching Methods

Research by Phillips (2010) found that achievement of students at risk
correlated significantly with teacher effectiveness. Ketterlin-Geller et al. (2008)
reported that teachers’ lack of knowledge about effective teaching strategies led
to insufficient support for students at risk resulting in limited academic progress.
Westwood (2000) suggested improving the quality of instruction as the most
effective way to overcome learning difficulties. This is supported by Martin
(2007) who promoted the rationale that students’ numeracy difficulties are a
result of the teaching method implemented rather than the lesson content. He
viewed formal and abstract instruction as failing to develop students’ ability to
think mathematically and construct connections with real life situations. Martin

stated

Mathematics should be taught using strategies that encourage
mathematical literacy because when students ask, "When are we
ever going to use this?" they are telling their teachers that they do
not see the relevancy and importance of what they are being
taught. (p. 31)

13



In a study of 350 lessons in United States of America (USA) schools over an 18
month period, Weiss and Pasley (2004) reported effective teaching occurred
when lessons were challenging, at an appropriate level for the students and
incorporated real life examples. Westwood (2008) stated that an effective
mathematics program included a combination of explicit instruction, direct
teaching and authentic learning experiences. An authentic learning experience
is one in which students are actively engaged in constructing new knowledge by
making a connection with real life situations. Explicit instruction involves each
skill being taught to mastery before a new skill is introduced and is described by
Mercer and Mercer (2005) as being “based on the belief that when learning is
complex and difficult for learners, the teacher must provide extensive support to
students and transmit knowledge that facilitates learning” (p. 128). During
explicit instruction the teacher provides clear explanations, which reduce
potential misunderstanding and learning challenges for the student (Fuchs et al.
2008). The material is presented to students in a way that they can understand
with immediate feedback to increase understanding (Rowe, 2006). The pace of
lessons is controlled by the teacher who decides how to present the lesson and
how much time to spend on concepts. Chan and Dally (2001) reported explicit
teaching of cognitive strategies was found to be an effective method of
intervention to improve students’ mathematical problem solving ability. Rowe
(2006) stated that despite evidence supporting explicit teaching as superior for
maximising student learning it is not as popular as constructivist pedagogy. He
recommended students experiencing difficulty required explicit teaching of basic
concepts in order to understand new concepts and develop strategies which

can then be applied in constructivist style lessons.

Rowe (2006) expressed concern with the prevalence of a constructivist
approach used in Australian classrooms as not in the best interests of students
experiencing learning difficulties, with problems arising when students do not
have the knowledge and skills needed to participate in mathematical activities.
Powell and Kalina (2009) suggested that for constructivist lessons to be
effective, teachers need to have up to date knowledge of each student’s level of
understanding and employ both cognitive and social constructivism teaching

methods. MacMillan (2009) reported a negative feature of mathematics
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teaching occurs when all children are expected to complete the same tasks
regardless of their level of understanding. Teachers must build their knowledge
of effective instruction methods in order to find a balance and not stipulate one
method is better than another (Jackson & Neel, 2006; Watts & Jofili, 1998).

Although students experiencing mathematical difficulties respond well to explicit
instruction, to meet curriculum requirements and catch up with their peers they
also need opportunities to apply the skills required to think mathematically.
Mclnerney and Mclnerney (2006) emphasised that learning transpires through
exploration and discovery and is not conveyed from one person to another.
Constructivist lessons encourage students to develop their understanding of
abstract concepts by using real life examples and the manipulation of concrete
objects. For constructivist teaching to be effective teachers must have
knowledge of students’ current level of understanding. During the support
program direct teaching of concepts and strategies occurred as a whole group
and individually as students participated in activities to promote consolidation of
concepts. Repeated practice using a variety of hands-on and play-based
activities incorporated a combination of direct instruction and constructivist
teaching methods, both valued as equally important to maximise student

learning.

Moch (2001) reported time restraints and the belief that using manipulatives
took up too much time as the reason why many teachers did not use them in
the classroom and when used were a reward. She suggested that if students
were initially exposed to manipulatives, more effective teaching would occur,
with less time wasted on reteaching concepts. Moyer and Jones (2004) found
students exposed to the use of manipulatives and visual images in combination
with abstract symbols developed a deeper understanding of mathematics. Ross
and Kurtz (1993) reported that the key to the successful use of manipulatives
was ensuring that every student was actively involved and that the teacher
moved through the class to assist in maintaining student focus.

Ketterlin-Geller et al. (2008) highlighted the importance of locating an accurate

starting point through valid and reliable data from assessments to develop
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programs targeted to increase student achievement. The Zone of Proximal
Development (ZPD), as defined by Vygotsky, is the gap between the level the
student has already mastered and the next level that can be achieved when
provided with support (Daniels, 1996). The teacher provides scaffolding while
increasing the difficulty and range of tasks the students is able to complete
independently. van de Pol, Volman and Beishuizen (2010) explained scaffolding
is dependent upon the situation, task and student, with teacher strategies based

on individual student response.

Ruiz-Primo (2011) stated:
Everything that teachers and students do in classrooms can be
described as an opportunity for collecting evidence of their
students’ understanding. Informal formative assessment is critical
for teaching and learning because it makes students’ thinking
evident . . . Knowing where students stand on a day-to-day basis
enables teachers to determine where they are in relation to where
they should be, so that they can provide the appropriate
scaffolding to move their students forward in their learning. (p. 23)

Starko (2009) explained that the process of learning requires the brain to build
new connections onto existing neural pathways. However, if the information
presented does not fit into any existing pathways, connections cannot be made
and the information is rejected as meaningless. Scaffolding provided around
each students’ ZPD and language use in the classroom is considered to be the
most important process in a social constructivist setting (Powell & Kalina, 2009).
Students work within their ZPD and receive assistance to the next level with
teacher guidance, until the student is able to complete the task independently.
Young-Loveridge (2004) found the provision of scaffolding and structured
learning to be vital in an intervention program. Powell and Kalina (2009)
emphasised that all students can benefit from the collaboration and social
interaction created in social constructivist classrooms, with ideas constructed
through interaction with the teacher and other students following explicit

teaching of concepts.
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Thinking aloud, peer assisted learning and immediate feedback are strategies
recommended to improve the outcomes of low achieving students. Kotsopoulos
(2010) found students talked aloud to clarify their thinking, to express confusion
and a combination of both. Her research highlighted the importance of teaching
students how to express their thinking and she suggested teaching students to
participate in the thinking aloud, pair problem solving method (TAPPS) to
develop mathematical cognitive processing and listening skills. In TAPPS one
student solves a problem while thinking aloud while another listens, without

interrupting, but joining in to summarise.

The Australian Association of Mathematics Teachers (AAMT) described
excellent teachers of mathematics as being “aware of a range of effective
strategies and techniques to promote enjoyment of learning and a positive
attitude” (AAMT, 2006, p.1). Through a critical analysis of the learning
environment created in classrooms teachers are able to evaluate whether they
are catering for all student needs. Hattie (2005) affirmed that teaching
mathematics requires teachers using data obtained about student achievement
to analyse their own teaching, rather than it being used to measure student

Success.

Numeracy Programs

Numeracy can be defined as the effective use and communication of
mathematics. MacMillan (2009) described mathematics as “the abstract system
used to become numerate and language as the abstract system to become
literate” (p. 34). McDonald (2006) explained that in the primary phase most
mathematics could be considered numeracy but in the abstract mathematics of
the senior school the numeracy content was reduced. She defined numeracy as
“The ability and disposition to fluently and critically use and interpret
mathematical concepts and representations to successfully and purposefully

operate in wide-ranging contexts” (p. 11).

There are worldwide concerns about students with mathematical difficulties and

research and support programs have been implemented around the globe.

Following results of the Trends in International Mathematics and Science Study,
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(TIMMS, 1997) an official report, Improving Mathematics Education was
produced in Scotland in response to the relatively poor performance of Scottish
students. England and Wales responded to their results by introducing The
National Numeracy Strategy. In New Zealand the Ministry of Education focused
on improving both teacher education and increasing the time allocated to
mathematics in the curriculum (MacNab, 2000). In the USA, the National
Council of Teachers of Mathematics aimed to reform mathematics education
from the 1980s to 2000 by introducing standards of teaching and assessment.
The reform emerged from the realisation of the need for higher levels of
competence in mathematics to meet the needs of a modern society. Previously
it had been accepted as quite normal that many students would fail
mathematics (Doig, 2005). Although achievement levels in mathematics is a
problem worldwide, research into support programs for students experiencing
mathematical difficulties is still developing (Malloy, 2008). Fuchs, Fuchs and
Hollenbeck (2007) suggested more research is needed of students’
responsiveness to mathematical interventions to assist in the diagnosis of
mathematical learning difficulties and the development of numeracy support

programs.

The content of mathematics support programs should focus on strategies to
assist students’ development in areas other than number skills. Jordan, Kaplan
and Hanich (2002) have ascertained students with both reading and
mathematical difficulties experience pervasive language and working memory
problems. Swanson and Jerman (2006) emphasised that regardless of the type
of disorder, the majority of research suggests that children with mathematical
difficulties also experience memory deficits, particularly the inability to retrieve
number facts from long term memory. McGlaughlin, Knoop and Holliday (2005)
recommended providing students experiencing difficulties in mathematics with
additional support not only in mathematics and literacy but in the development
of their working memory to assist retention of concepts and skills taught. An
overcrowded working memory reduces the ability to solve mathematical
problems and is particularly notable in inattentive students (Lucangeli & Cabele,
2006). Although language skills are critical, attentive behaviour and processing

speed are also significant contributors to student achievement in mathematics.
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Mayo and Shotts (2004) maintain that early identification of students developing
mathematical difficulties followed by early intervention programs could replicate
the success of literacy programs such as Reading Recovery. Crawford and
Ketterlin-Geller (2008) emphasised the need for well-designed support
programs rather than a modified whole-class program as is commonly used in
schools. Repeating concepts in the same way to a smaller group does not meet
the needs of students requiring support. Instruction must be planned to meet
the needs of students through continuous monitoring, the inclusion of aids, and
appropriate strategies such as thinking aloud, and peer assisted learning. Even
and Tirosh (2008) advocated teaching students at their current level of
understanding to achieve success by building on from what they know and can
do. Effective numeracy programs have a common focus of catering for the
immediate learning needs of students with no single method appearing to be

better.

The following table summarises numeracy intervention programs used in
Australian primary schools to improve the mathematical outcomes of students.
For each program the target group, method of instruction and feedback on the

outcomes of the program are outlined.
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Table 1. Summary of Australian numeracy programs

Intervention

Program

Result

Mathematics
Recovery

New South Wales
1992 — 1995

Targets the lowest achieving 30% of 6 to7 year old
students.

Daily, individualised lessons taught in cycles of 12 to
15 weeks.

Explicit instruction by specially trained teachers.
Framework of progressive levels used to profile
students.

Individual assessment - program adjusted on student
progress targeting early number learning.

Positive feedback.
Clear direction with
framework and explicit
instruction procedures
Teachers were more
confident in ability to
teach mathematics.
(Dowker, 2005; Wright,
2003)

Count Me In Too
(CMIT)

Low achieving students K — Year 6.
Focus on problem solving strategies and mathematical

Teachers reported an
increased knowledge of

language. mathematical pedagogy.
New South Wales | Collaborative group work, concrete materials and Increase in students’
1996 games. knowledge and

Structured framework, based in number, for 20 week understanding.

period. (Bobis, 1996)
QuickSmart Year 6 and Year 7 students Increased accuracy and

University of New
England

(prior 1998)

Improve fluency of basic mathematical skills and
student performance in Standardised Assessment
Tests.

Small group instruction

30 minutes, three times a week for 26 weeks.
Trained teacher assistant or teacher.

response speed of
participants.

Narrowed the gap
between participant’s
achievement and peers.
(Graham, Bellert,
Thomas, & Pegg, 2007).

Mathematics
Intervention

Melbourne
1993

Key component - Verbal interaction by specially
trained teachers who work with 1 to 3 students.

Each lesson is built on the previous lesson.

Accurate analysis of student difficulties is essential.
Verbal communication between teacher and students
and between students key component.

Has led to development
of teaching strategies to
assist students
experience success.
Doig (2001).

Victorian Early
Years Numeracy
Project

Developed to inform future programs and policy.
Small group instruction, Prep to Year 2, focused on
number skills.

Students at risk receive extra assistance and time.

Outperformed control
groups.

Teachers understanding
and confidence teaching

Victoria mathematics increased.
1999 (Bobis, Clarke, Clarke,
Thomas, Wright &
Young Loveridge, 2005)
Extending Targets students in first 3 years of school. Positive results for both
Mathematical Small group of 3 students for 10 to 20 weeks. Year One and Year

Understanding

1999-2002

Structured, based on constructivist principles.
Concentrated interaction between the teacher and
students during 30 minute lessons.

Trained teachers assess student’s knowledge prior to
the program.

Two.

(Bobis, 2000)

Building Accuracy
and Speed in
Core Skills
(BASICS)

SIMERR National
Centre

University of New
England

To assist low achieving students or students with
learning disability.

Designed to improve automatic recall of basic facts
and knowledge of procedures.

Explicit teaching and questioning, modelling and
diagnostic tasks, through 3 distinct levels.
Continuous cycle diagnostic and formative
assessment with teacher observation.

After six months one
quarter of students
moved into mainstream
classes.

Graham, Bellert,
Thomas & Pegg, (2007).
Byers (2009).
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Mathematical Assessments

Researchers use a variety of measurements and apply a wide range of criteria
to define students with mathematical difficulties (Murphy, Mazzocco, Hanich &
Early, 2007). The range of definitions used in research applied to students
experiencing difficulties in mathematics combined with the development of a
variety of diagnostic instruments leads to different research samples (Micallef,
2009). Assessing what students know and how they process their thoughts
when solving mathematical problems assists teachers develop lessons within
student’s capabilities. Stiggins and Chappuis (2005) outlined assessment
options as, selected response, (multiple choice); extended written response,
(observation and judgement); and personal communication with the student.
The challenge for teachers is matching the assessment to the intended target
with problems arising when the written text places reading demands on

students, reducing their level of performance.

Stiggins and Chappuis (2005) defined diagnostic assessment as assessment
for learning which includes frequent feedback from which information is
obtained to make decisions about future learning. Diagnostic tests are not as
broad as achievement tests and are designed to locate students’ strengths and
weaknesses in specific areas (Mercer & Mercer, 2005). Herman and Baker
(2005) stated a test with high diagnostic value is able to provide information on
why students are performing at their current level and what to do about it by
incorporating multiple choice questions with purposefully designed incorrect
answers. Information gathered from a student’s choice of a common
misunderstanding can allow for instruction to improve the mathematical

outcomes of the student.

Doig (2005) advocated an initial diagnosis of a student’s mathematical skills is
necessary to identify which students require a place in a support program.
Sherman et al. (2005), declared that “for learners to succeed, teachers must
assess students’ individual abilities and characteristics and choose appropriate
and effective instructional strategies accordingly” (p. 1). Individual assessment
interviews are time consuming but provide an understanding of students’

thought processes and the pace of the assessment can be adapted for each
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student. Visual clues can be observed such as finger counting or counting all,
which may not be witnessed with a written assessment. Individual assessments
were incorporated into the study with the Schedule for Early Number
Assessment 1 (SENA) used as a measure of mathematical understanding prior
to the commencement of the support program and again at the conclusion.
During the individual assessments students demonstrated an understanding of
mathematical concepts not evident in the Diagnostic Mathematical Tasks 1
(DMT) and this assisted in the creation of more in-depth individual profiles than
would have been obtained from a pencil and paper assessment alone. These
assessments accurately identified the participants’ areas of difficulty and
enabled the mathematics lessons to be planned to meet student needs.
Focussing the development of numeracy skills around each students' ZPD
enabled them to actively participate in lessons which focused on relevant skill

development.

During formative assessment, teachers observe and interact with children while
learning takes place which allows for re-teaching of concepts not mastered by
the student. Ruiz-Primo (2011) defined informal assessment as small scale,
frequent opportunities teachers have for collecting information about their
students’ progress carried out through observation and interaction with the
students and used to shape future learning. This method is particularly relevant
in the Early Childhood years prior to the introduction of formal state and national
testing which is implemented from Year Three. Informal assessment allows the
teacher to monitor student development. An accurate level of proficiency can be
gained without formal assessments by allowing students to give verbal

explanations that demonstrate their understanding (Reig, 2007).

Summative assessment is a formal method of testing and measures students’
knowledge at the end of a unit of work taught over a longer period of time and
whether the concepts taught have been retained by the students (MacMillan,
2006). Formal or summative assessments can be either constructed by the

teacher or a published test.
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Each mode of assessment has strengths and a combination of both formal and
informal provides a meaningful and authentic evaluation of student achievement
as recommended by Hong and Enrensberger (2007). Formal and informal
assessments were incorporated into the study, with formal assessments
including an analysis of the PIPS held in 2008, and the SENA and DMT prior to
and at the conclusion of the program. Informal assessments included
observation of students as they participated in lessons, evidence obtained from
work samples and teacher observations which were recorded in individual

student files.

Summary

Terminology applied to students experiencing difficulties or disabilities in
mathematics provided a classification for students deemed to be at risk in this
case study. The challenges experienced by classroom teachers such as
providing adequate instruction in a limited time frame emphasised the need for
an intervention program for at risk students. The consequences of failing to
provide appropriate support for students after they had been recognised as
being ‘at risk’ included developing the Matthew Effect, continuing to fall further
behind their peers. The relationship between literacy and mathematics, with the
cognitive process required to commit alphanumeric symbols to memory
reflected the influence that reading ability has on mathematical achievement.
Other factors contributing to student performance included individual student
behaviour and the method of teaching utilised in a classroom environment. A
review of numeracy intervention programs implemented in Australian schools
and the target audience for each preceded a review of assessments used to
measure students’ mathematical ability. Examples of diagnostic and formative
assessments and examples of each closed the chapter.
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CHAPTER THREE

RESEARCH DESIGN

Introduction

This chapter begins by introducing the research design and explaining the
rationale for selecting a case study approach in which both qualitative and
guantitative data were collected. The chapter goes on to look at participant
selection, data collection, assessment, and measuring student achievement.
The flow chart at the beginning of the chapter illustrates the process by which
data was collected and how the information obtained was used to create
student profiles from which an analysis of the program was made. An analysis
of pre-assessment results and how these aligned to the First Steps in
Mathematics diagnostic maps to set goals for the students is followed by a
description of the processes used to monitor student achievement, including the

journal kept throughout the intervention program.
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Participant Selection

'

Performance Diagnostic Mathematical Tasks Classroom
Indicators in assessment 1 (DMT) Teachers
Primary Schools All Year Two students completed DMT
(PIPS) assessment (Schleiger & Gough, 2002). Students who
experienced difficulty

Data from 2008 in numeracy in the
PIPS assessment T~ ,} / classroom setting
322'3/ isl's\?o. students Year Two teachers and Student Support were identified.
who had been Teacher collaborated to sel.ect.12
identified as at risk students deemed to be at risk in
in numeracy as pre numeracy based on data collected.

primary students l
were identified.

Support Program Developed

y

Setting/Resources Schedule for Early Number Assessment 1 Student Profile
To maximise (SENA) (Count me in Too) ~
student outcomes Participants completed an individual interview A profile for each
the classroom assessment to assess numeracy skills. participant, recording
environment, anecdotal notes, work
teaching method v samples, observations
and resources . - - and pre and post
catered for students’ First Steps Maths Diagnostic Maps /4 program assessments
current numeracy Participants’ numeracy skills were correlated was maintained
skills. with First Steps diagnostic maps to determine throughout the

starting point and goals for the support program.

program.

A
Content

A numeracy support program was planned and
implemented for a period of 20 weeks based on
students’ identified needs. Data collected
through observation and worksheet completion
was recorded from which future lessons were
developed.

\ 4
Post Test

Participants completed DMT and SENA assessments which provided a
comparison between pre and post support program mathematical understanding.

'

Support Program Analysed

v

Common characteristics of students who improved and those who did not, was identified.

An analysis of the post program assessments was compared to the pre-program assessment
from which concepts students did or did not show an increased understanding of were identified.
An analysis of the data collected and recorded in the journal and student profile provided an
indication of what strategies employed throughout the program had proved to be successful.
Feedback about the program was obtained from the teachers and students.

Figure 1. Research design
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Research Design

The flow chart (figure 1) illustrates the course of the support program beginning
with participant selection based on the results of summative and formative
assessments combined with anecdotal evidence from classroom teachers. The
creation and maintenance of student profiles throughout the program enabled
ongoing monitoring of student progress, and the analysis of post-assessment

results underpinned the evaluation of the intervention.

Case Study

Woodside (2010) defined a case study as research which goes beyond
description and explanation in an attempt to answer who, what, where, when
and how questions. Cohen, Manion and Morrison (2007) recommended the use
of case studies which employ real people in real situations to penetrate in ways
numerical analysis cannot, resulting in theory which is able to be applied to
similar situations. The aim of the research was to use a case study approach to
identify how a small group setting impacted on the mathematical achievement
of 12 students identified as being at risk in numeracy. The study took place in
the context of the participants’ normal school day as the students participated in
regular timetabled mathematics lessons. Woodside (2010) explained that the
use of mixed methods of data collection used in case studies increases the
accuracy due to information being collected through different methods but in the
same context, therefore providing opportunities for all information gathered to
be clarified by another means. Bailey (1982) supported the use of observations
over an extended period as applied in a case study because it enables

researchers to take appropriate and detailed notes.

Throughout this study qualitative data were gathered via observation of student
participation in each lesson and this was recorded in journal entries. Evidence
of how the students interacted with one another, used mathematical equipment,
applied strategies such as talking aloud, and sought help, or not, was noted.
Cohen, Manion and Morrison (2007) reported that case studies provide
opportunities for observation of occurrences which may not be frequent but are
nonetheless significant and provide the researcher with an insight into the

dynamics of the situation. An example of such an insight occurred in the
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intervention during discussion among the students about what salt and pepper
shakers were together with confusion as to how to which side was left or right.
Through listening as the children participated in their discussion | became
aware of the cause of students’ difficulty. Although Lincoln and Guba (1985)
defined the collection of data by observation as obtrusive, | was the teacher,
observer and an agent in the design, implementation and evaluation of the
program and the students had familiarity with the classroom therefore the

observation was not considered to be intrusive.

Observations recorded during the course of this research study provided
detailed notes which were included in each student’s individual profile.
Woodside (2010) promoted the use of case studies as providing opportunities
for the researchers to achieve deep understanding by directly observing in real
time. Real time questions which can be posed by the researcher or to the
participants include:

“What exactly is happening right now?”
“What were the events leading up to what just happened?”
“What is the meaning of what just happened?”

“What is going to happen next because of what just happened?” (p. 9)

Quantitative data was collected during the course of the study from the
students’ pre and post-program numeracy assessments and from worksheets
completed during mathematics lessons. The two forms of data collection were
used to establish a record of the participants’ learning journey in individual

profiles created for each student.

Cook and Rumrill (2005) discussed the importance of the interval between pre-
test and post-test assessments to the internal validity of the research. A short
interval risks students remembering the test items, while maturation over time
can affect the validity when there is a long interval. In this instance the 20 week
interval was unlikely to have provided sufficient time for maturation to be a key

factor and, while some learning may have taken place as a direct result of
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administering the pre-test, the students’ memory difficulties and low scores in
the initial assessment suggest that this would not have had a significant impact
on student achievement. Diverse forms of data contributed to an analysis of
each student’s individual improvement following their participation in the
program. Individual profiles contained a substantial volume of data including
ESL and learning disabilities or difficulties such as dyslexia, which provided for
a cross-case analysis and allowed for the identification of common factors

which may have influenced student achievement.

Data Collection and Participant Selection

Performance Indicators in Primary Schools (PIPS)

Students who participated in the study had been assessed at five years of age
by means of PIPS, a baseline one-on-one computerised assessment of early
reading, mathematics and phonological skills. The assessment takes
approximately 15 to 20 minutes with questions progressively becoming more
difficult as in the number recognition section which begins with numbers below
ten and continues to high three digit numbers. When students continue to
provide correct answers the difficulty increases but when students begin to
falter the test automatically moves onto the next section. Lembke and Foegen
(2009) reported basic number skills such as number identification, quantity
discrimination and missing number are promising early indicators of later
mathematics success. PIPS is a standardised test; it is not designed to
measure against any set curriculum objectives but to assess fundamental
mathematical concepts of basic counting, addition and subtraction with and

without symbols, shape, size and capacity.

Specialised analysis software is used to measure student achievement and
identify areas in which students are achieving or underachieving. Standardised
scores are presented in graphical reports which assist schools to predict
students who might benefit from early intervention. A score below 40 indicates
the student is in the bottom 16% of the sample, with scores below 30
representing 2% to 3% of students. The administrators of PIPS recommend
close monitoring of the progress of students who achieve below 40 as these

students are in the bottom 2.5% of their cohort. Six of the 12 participants had
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scored below 40 when assessed in PIPS, one student below 30, 4 below 45
and only one achieved above 50. Information provided in 2008 indicated these
students would benefit from an early intervention program (figure, 2). The
twelfth participant enrolled at the school during Year One and, therefore, was

not present during the PIPS assessments.

2008 PIPS
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Figure 2. PIPS 2008

Bull, Espy and Wiebe (2008) used PIPS assessment data to correlate and
predict student mathematical achievement in relation to working memory and
executive functioning. Results of their research indicated short-term working
memory was able to successfully predict students’ later mathematical
achievement. Stock, Desoete and Roeyers (2010) adopted PIPS as a
diagnostic tool and predictor of student achievement. They found seven out of
eight children aged 7 to 8 years were able to be classified into mathematical
ability groupings based on PIPS assessment conducted two years earlier.
Hojnoski, Silberglitt and Floyd (2009) purported the early practice of measuring
mathematical competency over time assists in the identification of students for

intervention programs through the evidence gathered on students’ growth.
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Diagnostic Mathematical Tasks (DMT)

The Diagnostic Mathematical Tasks were written to provide assessment
material for Victorian primary teachers to assess students’ understanding of
basic numeracy concepts at each year level. Although originally for the Victorian
curriculum, DMT retains validity in other education systems as it is a diagnostic
test not an achievement test (Schleiger & Gough, 2001). Each DMT
assessment identifies students who have or have not mastered the basic
concepts at that year level. The DMT was selected as a reliable indicator of
difficulties because questions and instructions were read to the students
therefore the focus was on mathematical skills and not reading ability. The test
was not timed, but administered in a lock step method with each question read
aloud by the teacher and all students progressed through the assessment at the
same time. Questions were short, able to be repeated, required a response of
drawing on a visual diagram, writing a numeral or written text of numbers to
twenty (figure 3). Students with working memory deficits should not have been
disadvantaged as the written text and illustrations on the answer sheet provided

students with additional visual clues.
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Figure 3. Example of DMT answer sheet

Sixty of the Year Two students completed a DMT assessment (Appendix C).
The purpose was to identify students achieving below their age level and
therefore having difficulty understanding the Year One concepts. DMT 1 was
chosen in preference to DMT 2 as it was designed for Year One students and at

the date of assessment all Year Two concepts had not been taught.

A correlation of data from 2008 PIPS and the 2010 DMT was expected to
indicate students with difficulties in mathematics which had not been overcome
through maturity and learning experiences in Year One. Aubrey, Dahl and
Godfrey (2006) stated “without active intervention it seems likely that children
with little mathematical knowledge at the beginning of formal schooling will
remain low achievers throughout their primary years and probably beyond” (p.
44). Incorporating data from PIPS in the selection of participants added valuable

identified students experiencing long term difficulties in numeracy.

Classroom Teachers
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Teachers are often the initiators of assessments undertaken to identity learning
difficulties (Van Kraayenoord & Elkins, 2004) and are in a position to directly
observe students’ learning activities and to provide a depth of information not
available through assessments (Dettori & Ott, 2006), including students’
attitudes toward mathematics. Results of the DMT assessment and analysis of
the PIPS assessment were discussed with Year Two classroom teachers who
stated that they were surprised to learn Neil had recorded a low score. They
confirmed that results from the DMT had identified all other students
experiencing difficulty exactly as they would have themselves based on results
and behaviours during class lessons. Fletcher, Denton and Francis (2005)
reported students around a cut off point will fluctuate in and out with repeated
testing. Mazzacco (2005) emphasised that the idiosyncrasies of each
assessment influence scores and students may perform within an average
range on one test and not another. A decision was made to follow the results of
the assessment as Neil was the only student whom teachers had not predicted

as a potential participant.

Triangulation

Lincoln and Guba (1985) ascertained that a triangulation of sources bestow
credibility to inquiry research with independent measures supporting the same
finding. This is supported by Drew, Hardman and Hosp (2008) who advised that
applying a mixed-method approach provides substantial strength to an
investigation, often with one approach capitalising on the strengths of the other.
A triangulation of data was achieved with three sources used to select the
student participants by combining the quantitative data from PIPS and DMT
together with qualitative data obtained through discussions with the Year Two
teachers. Cohen, Manion and Morrison (2007) suggested multi-method
approaches applied in social science allowed contrast between methods used
to collect data and increased researchers’ confidence in the results of the study.
In addition to the assessment results, character profiles of individual students’
created throughout the program were combined to add complexity, depth and
meaning to the quantitative measurements. Applying a triangulation of methods
in the study allowed for inferences to be drawn that would have not been

possible using a single method.
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Participant Selection

Data from PIPS assessment and the DMT assessments were analysed to
locate students who may have been identified as being at risk during their Pre-
primary year and continued to be at risk in Year Two. Teachers were able to
provide up to date checklists and reports on students who were experiencing
difficulty understanding new concepts due to not having the prerequisite
numeracy skills. The professional judgment of the class teachers provided
depth to the overall selection process with descriptions of characteristics
displayed by students experiencing numeracy difficulty including off-task
behaviour, anxiety, and incomplete work during mathematics lessons. Twelve
students were selected from the school’s total population of 62 Year Two
students. The number of students represented approximately 18% of the Year
Two cohort which was within the estimated range of 10-30% of Australian
students found to be at risk in numeracy in research conducted by Rohl and
Milton (2002).

Parental/Guardian Permission

Following the selection of students, a letter requesting permission and
promising confidentiality was sought from their parents or guardians for children
to be participants in the support program (Appendix A). Parents of the student
who scored the third highest number of errors requested their daughter not
participate. Consequently she was excluded resulting in the thirteenth placed
student accepting a position in the program. Anonymity was ensured in the
recording and documenting of results with the use of aliases applied to each of

the participants.

Schedule for Early Numbers Assessment 1 (SENA)

Immediately following the granting of permission students were individually
assessed using the SENA interview from the ‘Count Me In Too’ program (NSW
Department of Education) (Appendix E). Although students had been selected
based on the outcomes of a mathematical diagnostic assessment, individual
SENA interviews allowed student responses to be heard and seen by the

teacher. Skills assessed in the SENA included numeral identification to 100,
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forward number and backward sequencing, subitising, counting and early
addition, subtraction number skills, and grouping and sharing. An example of
the marking sheet completed during the individual SENA assessments provides
an overview of concepts covered in figure 4. During interviews the teacher was
alert for mistakes and was able to seek immediate clarification from the student
about the cause of the confusion or misunderstanding, such as a reading,

comprehension, transformation or process skill problem.
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Figure 4. SENA 1 Answer sheet

An analysis of the DMT and SENA assessments provided the focus for the
support program based on numeracy skills deficits. In order to design a suitable
program based on their current level of understanding areas in which the
students demonstrated limited understanding were mapped to the First Steps
Developmental Continuum (Department of Education and Training, 2004).
Although students demonstrated difficulty in both multiplication and division
sections, these concepts are in a higher phase of development. The numeracy
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skills of reading, writing and sequencing numerals are lower order skills which
need be understood by students prior to the introduction of more complex
concepts. Rousselle and Noel (2008) reported being able to understand
numbers, count and calculate are fundamental mathematical skills and each
level of ability requires an understanding of lower level interrelated skills. The
program planned to ensure students were able to master basic numeracy skills

on which they could build higher level numeracy skills.

First Steps in Mathematics Diagnostic Map of Student Development
(Western Australian Department of Education and Training, 2004)
Ketterlin-Geller et al. (2008) recommended that scaffolding learning
experiences in support programs allows students to experience success and
develop a positive attitude toward mathematics. The support program provided
numeracy lessons at the students’ current level of understanding and within
their ZPD and did not replicate lessons which were being taught in the
mainstream class at slower pace. The First Steps continuum was used as a
starting point from which suitable learning activities were developed for the

students.

Burns, Codding, Boice, and Lukito (2010) found that students pass through four
phases during their development of mathematical skills; acquisition, fluency,
generalisation and application with appropriate intervention dependent upon
students’ current phase of development. The First Steps in Mathematics
diagnostic maps describe characteristics of learners through phases which are
developmental rather than age specific. Each stage has been designed to map
anticipated progress of learning and assists teachers to guide students in their
learning. First Steps was an important and relevant resource to incorporate into
the program because professional development in First Steps Number for all
the primary staff in the school was held in 2008 with the aim of creating
consistency across the year levels. The First Steps diagnostic map assists
teachers to recognise common patterns of thinking and to anticipate student
responses to activities, the difficulty they may be experiencing, and how to
provide learning opportunities to move students’ thinking forward to achieve
mathematics outcomes.
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Herman and Baker (2005) suggested the value of diagnostic tests is in the
provision of information on each student’s level of understanding, why they are
achieving at a particular level and what to do about it. MacMillan (2009)
explained that curriculum documents help inform teachers about how to plan for
the needs and interests of their own group of children by providing direction with
what to teach and in what order. Analysis of DMT and SENA results highlighted
the need for students to master and consolidate concepts at the end of the First
Steps matching phase, which most students move through between the ages of
5 and 6 years after which they enter the quantifying phase. At the time of the
program students ranged in age from 7 years to 8 years, with an average age of
7.8 years and were demonstrating evidence of mathematical understanding 1 to
2 years behind their peers. To be able to achieve success when participating in
mathematics lessons in the mainstream class students needed to be competent
in basic number skills covered in the matching phase. The Year Two
mathematics program provided reinforcement and consolidation of concepts
from the quantifying phase and new concepts within the partitioning phase which
students generally enter between the ages of 6 and 9. Participants in the
support program were unable to keep up with their peers in the learning of new
concepts due to not having mastered the necessary prerequisite numeracy

skills.

Measurement of Student Achievement

The Western Australian Department of Education and Training (2001)
suggested students’ mathematical understanding should be based on evidence
over time and include a range of mathematical ideas and techniques not a
single test. Pre-testing students’ numeracy skills prior to the program was
followed by a second test repeating the identical assessment at the conclusion.
The SENA and DMT assessments were reliable measurement instruments as
both included explicit instructions on the delivery and provided a level of

consistency without assessor bias.

A comparison was made between results of the pre-program and post-program
assessments to measure the growth of individual students. Repeating the same
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assessment after a period of 20 weeks provided a more accurate measurement
of change in student achievement levels than would be obtained by using a
similar test measuring the same concepts. The internal validity of study results
should not be affected due to the 20 week period between the assessments and
the reliability of two pre and post tests. In addition, the results of the pre-
assessment were not reviewed or discussed with participants, allowing the post-

assessment to be an accurate measurement of improvement.

Journal (Appendix F)

Jackson, Pretti-Frontczak, Harjusola-Webb, Grisham-Brown and Romani (2009)
recommended collecting formative data and recording students’ progress daily
or weekly during the course of an intervention program. A journal was kept in
which anecdotal notes recorded students’ participation and progress during
each of the lessons together with other incidental events that occurred over the
course of the program. In the publication, ‘The Reflective Teacher’, targeted at
practising teachers by the Western Australian Department of Education and
Training (2001), the recommendation is made to use a journal to document
events and discussions and as a tool to record student behaviour and

achievement, and to plan future lessons.

Bobis et al. (2004) recommended teachers use observation, listening,
guestioning, analysis of work samples and discussions with students to interpret
children’s understanding and to plan what mathematical concepts to introduce
next. Ross and Kurtz (1993) advised teachers to listen to students talking during
mathematics lessons and observe as they work mathematically to evaluate
student progress. During the support program listening to and observing
students as they worked was used to evaluate student understanding of
concepts and provided timely feedback on whether further teaching on each
concept was required. The Western Australian Department of Education and
Training (2001) stated that good teachers are highly skilled observers of
students and are able to profile students by studying their behaviour patterns
from which they are able to provide the most effective teaching strategy for
each student. Strategies implemented as a result of observation included

selecting groups according to the students’ ability to work together and
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providing direct one on one assistance when students began to exhibit signs of

lowered confidence or anxiety.

Table 2. Example journal entry

Used Arrows | Used Comments
Numerals

Neil \/ \/ Excellent diagrams. Whole story
completed.

Rachel N N Excellent diagrams. Whole story
completed.

Keith N N Difficulty listening and following

some some instructions.

Leanne absent

Sara \/ \/ Excellent diagrams. Whole story
completed.

Tama \/ \/ Worked well, able to follow instructions
demonstrated understanding.

Elise X \/ Worked well, able to follow instructions
demonstrated understanding.

Lance X X Completed pictures, did not show halving
using arrows for direction.

Anne N N Excellent effort, good pictures, and
followed instructions.

Simon X X Very difficult to remain focused and on
task, little completed.

Thomas X X Completed pictures did not use arrows.

Kashia \/ X Little completed, used arrows.

Summary

The Case study developed from a triangulation of three sources of data, PIPS,

DMT assessments and teacher recommendation to select participants of the

intervention program. This mixed method approach assisted in the creation of a

thorough profile for each student. After permission to participate was granted

students completed an individual assessment which provided greater depth to

the areas of strength and weakness. These were then cross referenced with the

First Steps in Mathematics Diagnostic Map of Student Development for

planning of lessons. An example of an entry from the journal maintained

throughout the course of the program concluded the chapter.
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CHAPTER FOUR

THE PROGRAM

Introduction

This chapter comprises of a synopsis of the most suitable classroom
environment to maximise the learning opportunities for SAER and how the
support classroom provided features to meet these conditions. The student
support teacher’s timetable identifies when lessons were held throughout the
week and is followed by an explanation of the teaching approach used to deliver
the program. The mathematical concepts taught during the 20 week program
and how these correlated to the students' level of understanding are outlined.
The chapter concludes with description of the hands-on activities and games

students participated in throughout the program.

Environment

Students who patrticipate in interventions which incorporate a withdrawal
method and effective teaching techniques are able to master a number of
strategies and skills in a short time (Chan & Dally, 2001). In a withdrawal model
students receive part-time intensive tuition by highly-trained teachers in a
designated resource room. Success is achieved when students are actively
engaged in applying a range of strategies, including oral discussions, to solve
meaningful problems. The low student to teacher ratio found in withdrawal
models provides increased opportunities for interactions with teachers able to
provide timely feedback and adjust content according to individual students’
needs (Woodward & Baxter, 1997). Withdrawal models are viewed as a
temporary program after which time it is anticipated students will return to work

independently in the mainstream classroom.

Coordination between the regular classroom program and what was taught in
the intervention ensured that students who participated in the withdrawal-model
intervention were not disadvantaged. In this study the student support room was
part of the participants’ everyday environment as it was situated adjacent to the
Year Two classroom and nine of the twelve participants also attended literacy
lessons in the room. The range of strategies and activities able to be

implemented is restricted when support for SAER takes place the mainstream
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classroom. Students playing games and talking aloud can be a distraction for
students working on dissimilar activities and is, therefore, not encouraged when
SAER are supported within the mainstream classroom. In contrast, students in
the support program were encouraged to talk aloud and participated in
mathematical games and interactive activities which were considered essential

for both motivation and to accelerate improvement.

The significance an acoustic environment has on the impact of student
academic achievement was stressed by Choi and McPherson (2005). They
stated that in order for student learning to occur accurate speech recognition
was necessary. Reece (2008) reported that causes of an unfavourable listening
environment in a classroom included the distraction of the background noise of
students’ voices due to the similarity of sound frequency between the children’s
and teacher’s voices. Inability to accurately hear clearly can negatively impact
on students particularly those with auditory processing difficulties (Crandell &
Smaldino, 2000; Nelson & Soli, 2000). The harsh auditory and busy visual
elements found in a typical classroom environment can have a powerful impact
on the students, resulting in a place of frustration (Notbohm & Nomura, 2008).
Both the Year Two classes shared one large, open plan room which resulted in
an environment with poor acoustics and many distractions, even more than a
typical classroom. Zigmond and Baker (1996) expressed their concern that
student progress was inhibited in an environment of distractions and students
who remained in full inclusion models were still in need of intensive targeted
instruction. In comparison to the Year Two classroom the support room
provided an excellent auditory setting where students could hear the teacher’s

and each others’ voices without distracting noises.

Hong and Enrensberger (2007) found that proximity to the teacher, noise,
ventilation, lighting and comfort were critical aspects of a students’ ability to
learn mathematics and they recommended these features need to be
considered together with individual students’ needs to maximise learning
outcomes. Students deemed to be at risk may have auditory processing
difficulties and one of the commonly applied strategies to assist students

experiencing auditory problems is to place them at the front of the class where
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they are able to see and hear the teacher with limited distractions. The smaller
size of the student support classroom and lower number of students allowed for
all to be seated close to the teacher and whiteboard when explicit teaching

occurred as recommended by Wadlington and Wadlington (2008).

The physical layout of the classroom was designed to promote co-operative
learning with the desks arranged in groups and adequate free floor space which
allowed for range of settings and a level of comfort for students whether
participating in structured learning tasks or playing games. Bobis, Mulligan and
Lowrie (2004) reported children often made better choices when selecting the
working space themselves and developed a sense of responsibility through
taking ownership of the physical environment. During the support program
students were given responsibility for the mathematical resources which were
stored in clearly labelled trays for easy access and this contributed to the
students demonstrating a greater interest in the lessons and increased

ownership of their learning.

Timetable

The timing of lessons aimed to maximise the time available for the withdrawal
group lessons while causing the least disruption to the Year Two classroom
timetable. Final arrangement allowed two 85 minute and one 40 minute lesson
each week over a 20 week period (Table 3). In contrast to the standard 45
minutes lesson which Ketterlin-Geller et al. (2008) believe does not provide
sufficient time for students at risk to master new concepts, the longer 85 minute
lessons provided time for explicit teaching, whole group interaction,
independent skill application and reinforcement of concepts. Neither the
students nor the teacher were pressured to complete tasks because of time
constraints as the focus of each lesson was on students developing their skills
and understanding. Elkins (2002) accentuated the importance of SAER
mastering the basic mathematical skills of addition, subtraction, multiplication,
division and an understanding of place value. The longer lessons provided time
for students to apply repeated practice to strengthen their understanding of

basic number skills. The location of the support classroom in the adjoining room
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to the Year Two classrooms negated any potential negative effects of

movement to another class necessary in withdrawal programs.

Table 3. Support timetable 2010

GILLIAN HURLE - SUPPORT

TIME MOHDAY TUESDAY WEDMNESDAY THURSDAY FRIDAY
1 845005 DoTT %'n"' DoTT DOoOTT DOTT
2 S.05- AZSEMELY
3 J25am vear 3 CHAPEL a2
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3
[
T
]
b
10
11
12
13
14
13
16
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20
Content

Common difficulties revealed from results of the SENA and DMT assessments
indicated students were working within the matching phase of the First Steps
Diagnostic Map. The program aimed to consolidate concepts within this phase
and to introduce more difficult concepts from the quantifying phase. The
development of the students’ abilities to think mathematically focused on
applying logic and reasoning to solve problems which also required the
application of the basic numeracy skills addition, subtraction, multiplication,
division, and reading and writing of numbers. The students participated in
activities designed to develop their basic numeracy skills while developing
connections between mathematics and their own everyday lives. Verbal
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communication between the students and with the teacher was promoted to
facilitate the students’ abilities to use mathematical language across a variety of

activities.

The following table provides an example of the mathematical concepts within
the matching and quantifying phases of the First Steps Diagnostic Map
corresponding with matching examples of the participating students’ level of

understanding gathered from the pre-assessments and journal entries.

43



Table 4. Concepts introduced from the First Steps matching phase (Department of Education

and Training, 2008).

Matching Phase (5 to 6 years)
Students:

Example

(Journal, Appendix F)

May ‘skip count’ but do not realise it gives the
same answer as counting by ones.

When asked ‘If | count by 2’s will | get the same
number?’, the greater part of the group said “No”.
There was some hesitation but no-one was confident
enough to go against the majority and say “Yes”.

May lay out groups to represent a
multiplicative situation but do not use the
groups to find out how many altogether,
counting by ones instead.

While counting in 2’s or 5’s if not enough counters to
complete a whole set of 2 or 5, lost focus and started
again reverting to counting by 1's instead.

Often can only solve addition and subtraction
problems when there is a specific action or
relationship suggested in the problem situation
which they can directly represent or imagine.

Confusion developed with the students adding the
numbers such as 6 + 4 = 10 rather than how many
altogether. Another error was using the first counter
as a marker for the group and then including this in
the total number.

Have difficulty linking their ideas about
addition and subtraction to situations involving
the comparison of collections.

The challenge of estimating how many counters
there would be when another group of 20 counters
were added to the first set resulted in a range of
answers from 24 to 200.

May represent division type situations by
sharing out or forming equal groups but
become confused about what to count to solve
the problem often choosing to count all the
items.

Students struggled with the concept of multiplication
and division even when direct teaching, modelling,
counters and diagrams were used.

May deal out an equal number of items or
portions in order to share but do not use up
the whole quantity or attend to equality of the
size of portions.

Children could identify half or quarter of an object but
not of a group of objects.

Often do not realise that if they have shared a
guantity then counting one share will also tell
them how many are in the other shares.

Students demonstrated difficulty sharing counters
into groups and needed to count the number in each
group to explain how many were in each.

May split things into two portions and call
them halves but associate the word *half’ with
the process of cutting or splitting and do not
attend to equality of parts.

Most students were able to divide a given object into
half or quarter but colouring in half or quarter of a
given number of objects proved challenging and
indicated the need for further practise in order to
master the concept.

Understand that the more portions to be made
from a quantity the smaller the size of each
portion.

Students were able to realise that with each new
visitor everyone’s share got less. Pictures and stories
were understood by most of the students, however
when asked to draw a tray of something and share
between varying numbers of their family or friends
confusion was noted.
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Table 5. Concepts introduced from the First Steps quantifying phase (Department of Education

and Training, 2008).

Quantifying Phase (6 to 9 years)
Students:

Example

(Journal, Appendix F)

Use materials or visualise to decompose
small numbers into parts empirically eg. 8 is
the same as 5 with 3.

Students were able to locate and give answers to
missing numbers when working with concrete objects
and together as a whole group, including writing the
matching number sentences on the white board.
However with the exception of Simon all experienced
difficulty writing number sentences to match the
bonds created from their teddy bears or counters
when working with one partner.

Make sense of the notion that there are basic
facts e.g. 4 + 5 is always 9 no matter how
they work it out or in what arrangement.

The aim of the lesson was to consolidate and develop
further the patterns found in decomposition and
number bonds as most students had not been able to
transfer the concrete manipulation to written number
sentences.

Write number sentences that match how they
think about the story line (semantic structure)
for small number addition and subtraction
problems.

Students experienced difficulty writing number
sentences to match the bonds created with concrete
objects.

Select either counting on or counting back for
subtraction problems depending on which
strategy best matches the situation.

Eight students had difficulty naming the number after
and six with the number after during the pre-test and
with the counting on or back strategy.

Find it obvious that when combining or
joining collections counting on will give the
same answer as starting at the beginning and
counting the lot.

Students had difficulty holding a number in their head,
returning to counting from one and counting the
groups together.

Can think of addition and subtraction
situations in terms of the whole and the two
parts and which is missing.

The concept of number bonds was demonstrated to
students on the white board using different colours for
each number from which students provided the
missing number by recognising the pattern. Two of
the 12 students, Rachel and Elise were able to
confidently provide the correct answers.

Realise that repeated addition or skip
counting will give the same result as counting
by ones.

Questioning revealed students believed counting in
2’s had to begin at 2, and could only be even
numbers. This was the same understanding for 5's
and 10's.

Realise that if they share a collection into a
number of portions by dealing out or
continuous halving and use up the whole
quantity then the portions must be equal
regardless of how they look.

Number stories were discussed and demonstrated on
the white board using picture diagrams and number
sentences, with the focus was on ‘sharing’ and
‘groups of’. Students created their own story; however
when this proved too difficult for most, the activity was
stopped. A story was told to the students who then
drew a matching picture diagram and wrote a number
sentence.

Teaching Approach

All children are capable of learning and the teacher is responsible for providing

appropriate opportunities (Reig, 2007). Serin, Serin, Yavuz and Munahhedzade
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(2009) suggested teachers should be more concerned about how they teach
than the curriculum content. During the intervention it was hoped that the
teaching method implemented would be a significant contributor to student
success in combination with appropriated based and level content. Sherman,
Richardson and Yard (2005) stated that no one tool would be effective in every
circumstance or environment and Munn (2005) recommended that teachers
should focus more on student learning and use observation to facilitate future
planning. Providing mathematics lessons in a small group provided an
opportunity for the teacher to vary the teaching approach spontaneously and
include a wider range of tools than practical in the mainstream setting. The low
student to teacher ratio allowed for observation to be utilised as a tool for
assessing each students’ numeracy skill development. The low student to
teacher ratio provided opportunities for timely feedback which resulted in less
disruptive or off task behaviours and the teaching methods applied in the study

balanced the teaching method and content.

Children with mathematical learning difficulties do not develop computational
fluency and rely on slow counting-based actions such as counting all, counting
on using their fingers and rarely using direct retrieval to solve problems (Geary,
2004; Micallef, 2009). Fuchs et al. (2008) emphasised the importance of
integrating number knowledge with the relationship between subtraction and
addition as fundamental for an intervention program. Results of numeracy
assessments held prior to the implementation of the support program
highlighted the limited knowledge of basic number skills and strategies each of
the selected students possessed. Bryant et al. (2008) found students’
mathematical achievement improved after students developed fluency with
counting strategies and mastery of number combinations through repeated
practice. The support program was designed to incorporate repeated practise of
basic numeracy skills, with participants encouraged to apply counting on and
back strategies rather than reverting to counting all, and to develop students’
automatic retrieval of basic facts.

Children may take many years to move into abstract thinking and the use of

games is recommended by Meyerhot (2004) to assist students to understand
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the relationship between concrete and abstract. Concrete materials or
manipulatives are objects that can be handled whereas abstract thinking
involves conceptual reasoning together with the signs and symbols of
mathematics. Burns, Codding, Boice, and Lukito (2010) found the use of
manipulatives as students progressed through the acquisition and fluency
phases of development had a positive effect on achievement. Wadlington and
Wadlington (2008) recommended the initial use of concrete objects, pictures
and diagrams to assist students to master prerequisite numeracy skills prior to
the introduction of abstract concepts. An essential element of the program was
the students active participation in a range of mathematical games and hands-
on activities. Wade-Woolley (2007) explained that children with learning
difficulties experience problems in consolidating, retaining and transferring
newly learned information and skills and this was supported by Wright, Martland
and Stafford (2000) who endorsed a combination of concrete objects, counting
skills and abstract thinking for students in numeracy support programs. The
inclusion of multi-sensory activities incorporating manipulatives such Cuisenaire
rods and counters helped students progress through the developmental phase

of working with manipulatives to abstract thinking.

Creative thinking was promoted by Starko (2009) as one of the key strategies to
help students obtain deeper understanding by allowing them to construct ideas
based on their unique personal experience from which content learning is
enhanced. During the support program, in preference to completing pre-made
worksheets, students were encouraged to think creatively by matching number
sentences to pictures they drew on blank paper to solve mathematical
problems. Results of research conducted by Ozdemir, Guneysu and Tekkaya
(2006) found that implementing a teaching strategy which included activities
such as drawing, viewing performances, dramatising and completing puzzles
resulted in a higher level and retention of knowledge. They recommended
teachers develop meaningful and relevant learning experiences which engage
students’ intelligences based on Gardner’s theory of multiple intelligences
(table, 6). Gardner (1983) profiled seven intelligences with each person stronger
in some and weaker in others. To promote the numeracy achievement of

students the intelligences defined by Gardner were included in the
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mathematical activities students participated in during the program. Verbal
intelligence was promoted with students encouraged to talk aloud as they
worked together to solve numeracy problems. Students participated in
dramatisation to define positions such as in front of and behind, to incorporate
kinaesthetic intelligence. Visual and spatial intelligence was promoted
throughout the program with manipulation of concrete materials such as
counters and Cuisenaire rods. Students developed their logical intelligence as
they discovered mathematical patterns in Cuisenaire rods, and counting in
multiples. Students were encouraged to develop their interpersonal skills as
they worked together in small groups or with a partner. Wadlington and
Wadlington (2008) recommended teachers help students to see the relationship
between facts using multisensory strategies such as writing and speaking
aloud. A multisensory approach was incorporated into the program to assist
students to master foundation numeracy skills by physically touching and
moving concrete objects, viewing patterns and colours while being encouraged

to speak aloud.

Table 6. Gardner’s Multiple Intelligences, Gardner (1983)

Intelligence

visual/spatial Ability to manipulate and create mental images —
Remember facts, recognise and use patterns of
space

verbal/linguistic Strength in language and words

musical/rhythmic Ability to recognise non-verbal sounds

logical/mathematical Ability to observe patterns, carry out mathematical
operations and investigate issues scientifically.

bodily/kinaesthetic Ability to express physically

interpersonal Ability to relate to understand and relate to others

intrapersonal Ability to relate to understand oneself

The use of mathematical games in the support program allowed for repetition
and application of the same concepts in different activities which enabled the
students to consolidate their basic numeracy skills and understanding. Rieg
(2007) reported that students at risk learn from their peers in cooperative group
situations and Young-Loveridge (2004) stated that “Playing games and reading
number stories with a specialist teacher is an effective way to enhance

numeracy skills in young children” (p. 90). To assist in the development of
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addition and subtraction skills a variety of mathematical games were used
throughout the program. Bragg (2003) stated the advantage of using games as
an instructional tool was they were both highly motivating and social. He
reported that when games are used in classrooms a positive attitude toward
mathematics develops particularly for early finishers and are preferred over
more repetitive practice. Using games as a reward had been common practice
not only in the Year Two classroom but the Year One and Pre-primary
classrooms of the school. In contrast the program provided opportunities for the
students to participate in fun-based learning activities during lessons as a
learning tool and not as an incentive for completing work. The participants were
students experiencing difficulty with mathematics and as such were unlikely to
have been among the ‘early finishers’ typically experiencing the reward of
playing games in the classroom after completing set work in less than the
allocated time. Sherman et al. (2005) established the repetitive feature of
games assisted students with memory difficulties and this finding supported the
value of including games in the program. To maximise the outcomes for the
participating students the addition of an aspect of fun to the lessons aimed to
increase retention in both their long term and short term memory. Games
provided opportunities for interaction between participants and supported the
development of mathematical language and fostered a positive attitude toward
mathematics. While the students played the games they were able to apply
adding and subtracting strategies, write numbers sentences and develop mental
problem solving strategies.

Play Based Activities

The effective teaching of mathematics involves students in lively interaction and
discussion (Sulaiman, Abdurahman & Rahim, 2010). The inclusion of play
based activities aimed to build a positive attitude through students developing
an enjoyment of mathematics because they were experiencing success.
Students were also increasing fluency and understanding in the areas of
number recognition, addition, subtraction, counting on, counting back. The
activities used into the program incorporated auditory, visual and kinaesthetic

modes of learning. Mathematical games and activities students played included
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Mushroom House, Mousetrap Maths, Koala Tree, Number Fun, In the Window,

Toss and Add, Toss and Subtract and the Function Box.

Mushroom House

Each player in the group had a card on which was a mushroom shape
containing numbers to 20. Students took turns to roll two dice after which they
added the two numbers together. If the sum of the two digits was in their
mushroom it was covered with a counter. Students were able to use a range of
addition strategies such as number lines, rulers or counting on to arrive at their
answer. The other members of the group observed as each student completed
the calculation checking the accuracy of the addition (School made resource -

origin unknown).

Figure 5. Mushroom House
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Mousetrap Maths

Students selected an instruction card from a pile on the board and moved their
counter around the board following the instructions on the card. One side of the
board contained an addition game and the reverse subtraction. (Learning
Ladder)

Figure 6. Mousetrap Maths

Koala Tree

A wooden board with koalas clipped on both edges and an addition sign on one
side and subtraction sign on the reverse. A pile of laminated numbers were
placed face down on each edge of the board. One student took a card from
each pile and clipped it under one koala on that edge of the board. The two
numbers are added or subtracted according to the sign. Students used number
lines, rulers and counting on or back strategies to solve their problem while the

other player checked the calculation for accuracy.

51



Figure 7. Koala Fun

Number Fun

Number Fun consisted of a set of picture cards with addition and subtraction
problems and a set of answer cards. The original instructions suggested two
variations to play, however these brightly coloured cards provide many creative
adaptations. In one activity the sum cards were hidden and students wrote their
own number sentence to match the picture and in another students drew their
own picture to match the sum cards and. It was also played with one student
‘reading’ the problem and the other working out the answer either using
counting on or a number line and both checking the accuracy of the answer
(Smith, Jewitt & Paris, 2004).

Figure 8. Number Fun
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In the Window

Students took turns to place window over numbers on their card which
contained randomly placed numbers to 20. The ‘window’ was either placed
horizontally or vertically and the student selected to add or subtract the
numbers using number lines, rulers and counting on or back strategies to solve
their problem which was written as a number sentence. The calculation was
checked by other group members for accuracy (School made resource - origin

unknown).

Figure 9. In the Window

Toss and Add / Subtract

Each player had an A4 size card containing numbers to 20. Each took turns to
roll two dice, which included a choice of multiple sided die. They selected to add
or subtract the numbers and if the answer was on their card they covered it with
a counter. Students wrote their calculation as a number sentence which the
other members of the group checked for accuracy. Students used number lines,
rulers or counting on or back strategies to solve their problem (School made

resource - origin unknown).

Figure 10. Toss and Add/Subtract game
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Function Box

One player had a box containing cards with instructions such as ‘add two’ or
‘subtract five’. Another player selected a random number of counters which he
or she placed on the desk. Without looking the student with the box selected an
instruction and directed the other student to add or subtract that amount to the
original set of counters. The student completing the problem wrote a number
sentence which was checked by the other player after which exchanged roles

and continued to play (Self made activity).

Thinking Aloud
Active listening, observation, analysing and interpreting were promoted as
necessary strategies for communication by MacMillan (2009). Intentionally
listening to students as they worked together provided information not available
from marking worksheets after students had left the room and could not explain
how they obtained their answers. Hearing students talk to one another as they
participated in activities allowed for timely feedback to be provided.
Misunderstandings were able to be clarified with students encouraged to
explain their understanding of the processes using concrete materials in
combination with abstract signs and symbols. Drew, Hardman and Hosp (2008)
explained

A design that allows the children to talk about what they are

thinking and doing as they work on a math problem gives the

researcher a view about what the children are doing, choices they

make as they seek to solve a problem and their rationales for

making these choices. (p. 187)

Reading and Writing Numerals and Words

An activity included in the program required students to order and match
numerals to words for numbers to 20. A common error noted among the
children during pre-assessments was the mispronunciation of the teen and ty
numbers such as reading 15 as 50. Students were encouraged to look for
smaller words within larger ones such as nine in nineteen and how to recognise
and pronounce the teen and ty numbers correctly. Nine of the twelve students

were members of the literacy support group and improving their ability read and
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write numbers was an important element of both their literacy and numeracy

development.

Figure 11. Matching words with numerals

Manipulatives

Cuisenaire rods

Scaffolding students’ learning through the manipulation of objects to pictorial
representation and finally the development of abstract symbols is recommended
by Ketterlin-Geller et al. (2008). Cuisenaire rods were introduced as resource to
help students understand the concept of partitioning numbers into part-part-
whole, the inverse relationship of addition and subtraction and fluency of
knowing the number bonds for ten. The coloured wooden Cuisenaire rods were
included in the games rotation and were a popular activity as these had not
been used in their classrooms previously. As students built up their block
pattern they were able to recognise and say the numbers associated with each

rod and write a number sentence to match the number bond they had created.

Figure 12. Cuisenaire rods
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Counters

To help students develop their understanding of the relationship between
multiplication and division and an ability to skip count counters were used as a
visual representation to demonstrate the total quantity not changing. Initially
many students were disorganised and lacked coordination when manipulating
the counters in particular the ability to one finger touch which resulted in the
need to start again as they lost track of which counters had been counted.

Figure 13. Example activity requiring the movement of counters.

Visual Patterns

Number Chart

To assist students understand the concept of counting in twos, fives and tens a
number chart was displayed during whole group sessions and a smaller copy
for individual work. The chart provided students with a visual aid while they
counted aloud and located patterns within the chart. All students originally
stated it was impossible to count in twos unless counting an even number,
however the number chart assisted their comprehension that is was possible to
start at any number including odd numbers and count in twos. Prior to the
introduction of the number chart students believed counting in tens involved
only numbers ending in a zero. Using a number chart was easy for the students
to follow a visually demonstration of counting in tens from a number between
decades which led to students being able to count in tens between decades
without the use of the number chart (figure 14).
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Figure 14. Hundreds chart

Creative thinking

Number Stories

Think boards were introduced to help the students develop their ability to solve
story problems involving addition, subtraction, multiplication and division.
Wiggins and McTighe (2006) recommended in order for students to obtain long
term retention of any new learning they should be provided opportunities to
solve problems related to real life. Using think boards students created their
own word problems bringing together diagrams, number sentences and
mathematical symbols. By varying the starting point students developed an
understanding of the links between each concept and how each provided a part
in solving the problem (figure 15).
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Figure 15. Number stories

Ordinal Numbers and Location

Analysis of the DMT assessment indicated students were not competent in the
reading and placement of ordinal numbers. The concept of ordinal numbers was
introduced to the group with the leading question, “Where have you heard or

used this type of measurement?”

“Birthdays”, “winning a race” and “behaviour warnings” were examples given
(Journal, Appendix F). Following the introduction students drew a picture of a
race in which positions were defined by set colours but the objects racing were
their own free choice with people and cars were the common subjects selected.
In another lesson the concept of location was introduced and used together with
ordinal numbers (figure 16). Students physically took part in the lesson and
became the manipulatives themselves. They moved to stand beside, in front,
next to objects and people or stood in a set position in a line such as 5™ or 1%
place as instructed by the teacher. This activity was repeated with students
taking turns to instruct each other to move into set positions and answer
guestions about who was beside, next to or in front of. Students enjoyed the
physical aspect of moving about the room and moving each other rather than a

counter.
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Figure 16. Race: Tama

A subsequent lesson involved the use of a photograph of each of the Year Two
classes with the students answering and constructed their own questions based
on location and position of students. The students were very excited and
enthusiastic to be using a photograph which included a picture of themselves

and their friends in a mathematics lesson.

Books

Linking literature to mathematics was reported by Bull, Espy and Weibe (2008)
to assist students to think and reason by using spatial concepts as they created
mental pictures. The Doorbell Rang (Hutchins, 1986) was read to students and
combined the concepts of sharing, repeated addition, skip counting, continued
addition and subtraction focusing on the ‘missing’ or unknown’ quantity.
Students were provided with a sheet of coloured A4 paper which became the
tray and counters which became the cookies to be shared. The book was re-
read students with their suggestion of baking more cookies incorporated into the
story with the larger number given by the students replacing that in the text. As
the book was read students used their tray of cookies to find the answer to the
number of cookies each person would receive. To conclude the lesson students
drew an example of their own story which involved sharing the cookies and

included the family pets (figure 17).
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Figure 17. Cookie sharing

The book The Great Divide (Dodds, 2000) was read to students to introduce the
concept of how halving large numbers was based on the same principle as
halving small numbers. Students were able to use their mathematical
knowledge to halve 2, 4, 6, 8 and 10, and after a demonstration on the
whiteboard adding a zero to 2 and repeating with 4 students halved the larger
numbers 60, 80 and 100. Students created their own edition of the story by
filling in the unknown such as ‘what happened to the competitor who came
second?’ The key focus for the lesson was the concept that half is two groups of
equal size and students were encouraged to draw arrows as indicators of
sharing, a strategy previously implemented in think boards (figure 18).
Developing the ability to use arrows to show direction assisted students to
develop a conceptual understanding for higher orders abstract problems

involving multiplication and division.
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Figure 18. Halving story: Anne

Worksheets

Worksheets photocopied from published books often contain problems which
have only one possible answer and MacMillan (2009) alleged this leads
students to focus on ‘getting it right’ whereas providing open-ended tasks
reduces the students’ focus solely on the answer. Photocopied worksheets
were used in the program predominately when requested by the classroom
teachers for reporting or portfolio purposes. Instructions and questions needed
to be read to Lance and Keith due to their limited reading ability and other
students frequently requested assistance with written text. It was in the most
part reading and comprehension of the instructions and the amount of text on
the page which caused the students difficulty and anxiety and not the actual
mathematical task (figure 19). At other times assistance was sought by students
who were reluctant to continue without reassurance that they were on the right
path and had understood the task. The observation of students as they
individually completed worksheets provided understanding of their ability to

apply previously learnt skills and where further teaching was required.
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1. Read the number story. Set out the number sentence and answer i
pictures or counters to help you.

[(a) Sarah has 2
moneyboxes with 4
coins in each. How

many coins does she
have altogether?

Number story

t. Use the -

Number sentence

{b] Alex has 3 bug catchers
with 3 slaters in each.
How many slaters does
he have altogether?

[e] There are 4 buckets
with & balls in each
bucket. How many balls
are there altogether?

biscuits. If each tray
held 10 biscuits, how
many biscuits are thens
altogether?

[e] There are 3 lemon trees |
in the garden with &
lemans on each, How
many lemans are there
altogether?

[f) At the party there were
T children and each
won 2 prizes. How
Many prizes wers won

altogether?

Figure 19. Multiplication story problem worksheet

At the request of the Year Two class teachers after a review of the topic

students completed a worksheet on the concept of h
the discussion students were asked what they under

alf and a quarter. During
stood about the terms half

and a quarter and what items could be halved and quartered. Students took

turns to draw their object on the white board prior to dividing it. Demonstrations

also incorporated groups of magnetic counters with students suggesting ways

to share out the counters into half and a quarter. Students took turns to group

the counters before completing dividing a set counte

individually on their desk. After the practical hands-o

rs into half and a quarter

n activities students

completed a worksheet as requested by the classroom teachers (figure 20).
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1. Colour one half of these pictures.

—— —

X

. Colour half of these groups,

[ [ie) ﬁp\

Find one half of these numbers using counters and write the answers: t.J
@ 6=_3 ) 12=& (g 20=10 _ (d) 14=_<=

Figure 20. Halving worksheet: Leanne

In another lesson covering the concept of half required students to draw a
shape on 1cm square grid paper, count the number of squares inside their
shape and using either counters or pencil and paper as strategies find out half
the number of squares within the shape. Although students enjoyed this activity
their ability to rule straight lines even with the lined paper caused problems and

resulted in incorrect answers.

Summary

The provision of an environment which provided a low student to teacher ratio
was deemed to be a valuable component of the program. Reducing distractions
and improving the classroom acoustics increased the potential for students to
maximise learning opportunities. The longer length of the lessons provided time
for repeated practice which promoted consolidation of new concepts and basic
skills. Lessons were built around the students’ level of understanding and new
concepts added within their ZPD. This was achieved by merging the level of
understanding demonstrated by students in pre-program assessments with

phases of development in the First Steps Diagnostic Map. The content of each
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lesson ensured students were active participants in mathematical lessons,
which focused on including a multisensory approach based on Gardner’s
definition of multiple intelligences and incorporated direct instruction in
combination with practical, hands-on activities. A journal recording the
outcomes of each lesson, student behaviour and characteristics together with
their numeracy achievement facilitated the creation of in-depth student profiles

from which individual progress was measured.
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CHAPTER FIVE

RESULTS

Introduction

One of the methods used to select participants for the support program involved
all Year Two students completing the Diagnostic Mathematical Tasks 1
Assessment (DMT) (Schleiger & Gough, 2001). Repetition of the same test at
the conclusion of the support program was used to ascertain the level of student
improvement. Students also completed the Schedule for Early Number
Assessment 1 (SENA) (NSW Department of Education, 2009) prior to beginning
the support program and again at the conclusion of the program. A summary of
the overall results of the DMT and SENA assessments prior to the
implementation of the support program begins the chapter followed by a
correlation of results of the two assessments. A comparison of the pre-program
and the post-program results provide a focus from which selected students’
progress and characteristics are discussed.

DMT Assessment Results
An analysis of the number of errors made by all students in the DMT
accentuated the students who were demonstrating a lower level of

mathematical understanding than their peers (figure 21).

DMT Results
100
80
Number 60
of
errors 40
20
o bt

Student Participant (Black)
Remainder Year Two students (Grey)

Figure 21. DMT: Year Two students number of errors
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The average number of errors made by the whole Year Two cohort was 21. The
12 students who made the highest number of errors and were selected to
participate in the program achieved an average of 46 errors in comparison to
the remaining students who achieved an average of 13 errors. This indicated a
considerable difference between the mathematical understanding of students
selected to participate in the program and their peers. The number of errors of
the students who participated in the program ranged between 29 and 95, and
the remaining Year Two students between 4 and 38. Only two students selected

for the program made less than 30 errors in the pre-program assessment.

The mathematical concepts of multiplication and division were the two concept
areas in which students demonstrated the least understanding, where the skills
assessed focused on the sharing and grouping of up to 12 objects. Addition and
subtraction were the next two concept areas in order of difficulty experienced by
the students and questions involved a combination of pictorial images and
written equations to solve total, difference and more than problems involving

numbers to 20 (figure 22).

DMT Results
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10%

0%

Concept

Figure 22. DMT: Participants’ average achievement
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Although money, mass, volume and problem solving were other concepts in
which students demonstrated limited proficiency a prior knowledge of basic
number skills is required in order to build higher levels of mathematical
understanding. In the reading and writing of numbers section of the DMT,
students were required to read words one to nineteen and write the matching
numeral, correctly count and write how many in a group of up to 17 objects, and
write the digits 12 through to 15 when read aloud by the teacher.

Low scores in the basic numeracy skill of reading and writing numbers to 20
and addition and subtraction indicated basic mathematical concepts had not
been mastered by the students and needed to become a priority teaching focus
in the support program. Basic numeracy skills are the foundation on which
higher order skills are built and used to solve mathematical problems in all
concept areas. It was evident that an improvement in the students’ fundamental
numeracy skills should lead to an improvement in their level of achievement in

other concepts not specifically targeted during the support program.

SENA 1 Assessment Results

The individual interview format of the SENA assessment provided opportunities
for observations of student behaviour as they answered each question.
Common behaviours noted among the group of students included slow
responses to questions with an accompanying lack of confidence to provide an
answer or to have a go, instead saying “It's too hard” or “I don’t know”. A limited
application of the counting on strategy was apparent with students selecting to
recount all objects instead of counting on from the group of objects they had just
counted when finding the total number of two groups of counters. Other
observations made during the SENA interview which would not have been
noticeable from the marking of the pen and paper DMT assessment included:
mispronunciation of numbers such as reading and saying 15 as 50, and reading
or writing numbers incorrectly for example reading 15 as 51 whilst knowing it
was 15. Due to the interview style of the assessment student understanding
was able to be clarified at the time the error was made and provided an
indication of the cause of a student’s mistake. Another difficulty observed was a

limited ability of the students to physically manipulate objects systematically as
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they counted and not matching the number recited with the object counted
leading to errors in counting. SENA provided valuable additional information not
available from the DMT, not only on what concepts students had difficulty with
but why. Results of the SENA assessment indicated multiplication and division
concepts were the areas in which students demonstrated the lowest level of
understanding followed by subtraction. Students were not demonstrating
consistency in the sequencing of numbers including number before or counting

backwards and addition concepts.

Comparison between SENA and DMT

The DMT assessment covered a broader range of concepts than the SENA but
both assessed basic numeracy skills and allowed a correlation to be made
between the two sets of results. Utilising two forms of assessment provided
students with an increased opportunity to demonstrate their understanding due
to the wider variety of questions and allowed individual students’ strengths and
weaknesses to be determined with increased accuracy. Merging the results
from the two assessments emphasised areas in which the majority of students
were experiencing difficulty and provided information on the key skills to
address in the support program. Mazzocco (2005) reported seriation,
classification, procedural and conceptual counting, and magnitude comparison,
skills have been found to successfully identify children experiencing
mathematical difficulty. This was evident in the results of the pre-assessments
in which the basic numeracy skills of reading and writing numbers; adding,
subtracting and applying counting strategies; seriation and multiplication and
division all found to be areas students experienced difficulty. Table 7 shows the
correlation of concepts covered in both the DMT and SENA assessments in

order of difficulty.
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Table 7. Concepts in order of difficulty revealed by each assessment

DMT SENA
Division Multiplication and Division
Subtraction Subtraction
Multiplication Number Before
Addition Sequencing
Reads and Writes numerals Addition
Sequencing Counting Backwards
Ordinal Counting Subitising
Counting Next Number
Writes Numerals Counting

Numeral Identification

Post-Program
DMT

At the conclusion of the program students demonstrated an overall
improvement in all concepts assessed in the DMT. The largest gains were
found to be in the basic numeracy skills which had been the main foci of the

program: reading and writing of numbers, addition and subtraction,

multiplication and division, and problem solving. These were the concept areas

in which students had demonstrated the lowest level of understanding prior to

the program (figure 23).
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Figure 23. DMT: Concepts — percentage of correct answers pre and post program
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In comparison to an average of 46 errors made in the DMT pre-assessment, the
average number of errors in the post-program assessment was reduced to 18,
which was lower than the average of 21 errors made by whole Year Two cohort
in the pre-test (figure 24). At the conclusion of the program students who
participated in the program demonstrated considerable improvement in their
basic numeracy skills and were working at the achievement level of their peers

20 weeks earlier.

DMT number of errors

50
45
40
35
30
25
20
15
10

Pre-program Participants Post-program Participants Year 2 cohort Pre-
program

Figure 24. DMT: Number of errors pre and post program

SENA

Participating students’ numeracy skills were reassessed at the conclusion of the
support program using the SENA assessment with comparisons made between
the pre and post scores to determine student progress. An analysis of results
showed an improvement in all areas with addition, subtraction, multiplication
and division, sequencing and number before, concepts in which students
demonstrated the most improvement. These were the areas in which students
had demonstrated the lowest levels of achievement in the pre-program
assessment and were the concepts teaching predominately focused on during

the 20 week program (figure 25).
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Figure 25. SENA: Concepts — percentage of correct answers pre and post program

Student Achievement

An improvement in numeracy understanding was demonstrated by all
participants as evidenced in the DMT and SENA results recorded at the
conclusion of the program. In both the DMT and SENA assessments the areas
in which students made the most progress were the same areas in which
students demonstrated the lowest levels of competence prior to the program. A
review of the data collected from pre and post-assessments was undertaken to

determine the students’ individual progress (figure 26).
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Figure 26. Comparison of pre and post DMT assessment results for individual students
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A journal maintained throughout the study documented the learning journey of
each student, recording their academic progress, behaviour and personal
characteristics. The information collected was used to compile individual
student profiles which were compared in a cross-case analysis to locate

common elements from which inferences and conclusions were drawn.

Student Profiles

Three lowest scoring students: DMT pre-assessment

Lance

Lance’s parents initially expressed apprehension about his hearing
development at eight months of age and he experienced problems with glue ear
during his early childhood. Results of 2008 PIPS testing indicated Lance was
experiencing difficulty in both literacy and numeracy and concern was
expressed by this Pre-primary teacher regarding his limited progress and level
of development. This led to Lance being diagnosed with Dyspraxia after which
he attended Speech and Occupational Therapy. Matthews (2006a) explained
children with Developmental Motor Dyspraxia are clumsy due to their inability to
exhibit spatial awareness and to coordinate body movements with messages
from the brain. Lance was a very friendly boy and he conversed easily with
adults, had excellent recall and could orally retell past events in detail but
difficulty arose when tasks involved reading and writing. He was a member of

both the literacy and numeracy support classes for Year Two students.

Prior to participating in the support program Lance became anxious when faced
with a task he perceived as too difficult or challenging and he would
automatically state, “I can’t,” when asked a mathematical question or to
complete a written activity. It was particularly stressful for him when he could
see his peers already working independently or quietly. During these times
Lance required direct one to one assistance or alternatively he found he was
able to concentrate more and with less anxiety when seated away from the
other students. When Lance began to recognise his own developing stress

levels he would request to move himself away from other students.
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Lance frequently complained of tiredness and had difficulty maintaining an
appropriate posture when seated. His awareness of the space around him was
low and he frequently moved into others’ personal space spreading himself
across more than his half of a shared desk. Lance was extremely disorganised
and constantly dropped or misplaced his equipment and during these times his
behaviour was disruptive to other students particularly those seated in close
proximity to him. These behaviours which resulted from dyspraxia inhibited his
ability to focus on set tasks which required even small periods of concentration.
Although Lance continued to experience anxiety attacks during the support
program the level and frequency of these were reduced and only developed
when tasks involved pre-made worksheet activities. Lance was observed
participating fully and showing enjoyment during the mathematics lessons when

he worked in a small group and his peers were able to assist him.

Lance had the habit of frequently ‘thinking aloud’ and although this was
discouraged in a classroom due to the distraction it caused other children it was
welcomed in the support room. Lance was able to hear others being
encouraged to do the same as they participated in a variety of activities and this
appeared to have a positive effect on his level of self confidence. Lance was
able to maintain his level of concentration for longer periods of time when he
was thinking aloud. Lance tried his best at all times and the small successes he
experienced gradually built his confidence which eventually led to a willingness
to have a go and answer questions, whether he knew the answer or not. Lance
reversed the digits writing 51 for 15 and had difficulty pronouncing the teen
numbers saying 50 when he meant 15. His basic numeracy skills improved
throughout the support period, but he remained reliant on the use of concrete
objects because abstract ideas were too challenging. Lance’s thought
processes were slower than his peers and he was often left behind during class
discussions. Deliberate attempts to involve him in whole group discussions
were needed to ensure he was included and participated as much as possible.
When students worked in pairs the choice of a suitable partner needed to be

taken into consideration if the students were to work together successfully.
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Results of the DMT assessment held prior to the start of the program indicated
Lance experienced difficulty in most mathematical concepts including
sequencing, reading and writing numbers 1 to 20, addition, subtraction,
multiplication, division, ordinal counting, time, volume and capacity, visual
representation and problem solving. Lance’s 95 errors was the highest number

of errors of all the Year Two students.

Lance’s results in the post-program DMT demonstrated his improvement in
basic numeracy skills particularly in ordinal counting, reading, writing and
sequencing numbers. During completion of the SENA assessment at the
conclusion of the program Lance’s level of confidence was high. He
enthusiastically provided answers and stated, “This is fun,” which is something
he was never heard to say prior to the program. Lance had difficulty reading the
teen numbers and although he was fast counting forwards he could not count
beyond 109. Lance fluently counted backwards from 10 but he was unable to
count backwards from 23 and became confused when he needed to state the
number that came before a given number. Lance made errors in the counting,
addition and subtraction sections but he gave answers fluently and with
confidence. He was only one number out in some of his answers and although
incorrect was close and demonstrated he had gained an understanding of what
to do and the process involved. These attributes are unable to be measured in a
pencil and paper test and highlighted the value of individual interview
assessments. In the DMT assessment Lance made 55 errors in the post-
assessment compared to 95 in the pre-assessment. In the SENA assessment

Lance achieved mastered 3 of the concepts and in the final assessment 6.

During the course of the program Lance became anxious when faced with a
worksheet which required the completion of before and after questions. He
stated, “I can’t do it!” before he had attempted any questions, automatically

reacting negatively as soon as he saw the worksheet (figure 27).
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Figure 27. Before and after worksheet: Lance

Encouragement and support were given by helping Lance focus on completing
one answer at a time and view only one line at a time. He was encouraged to
recognise patterns himself rather than be told the answer or allowed to give up.
A blank sheet of paper was used to cover up all questions other than the line he
was currently working on and he was provided with a high level of support and
encouraged to take small steps. Lance was able to complete the activity and his
anxiety was immediately lowered due to the altered visual image. The high level
of support was able to be provided in the small group setting but it is
understandably much more difficult to accomplish in a mainstream classroom

due to the higher student to teacher ratio.

Keith

Keith began at the school in 2009 as a Year One student and therefore did not
participate in the PIPS assessments held in 2008. He came from a non-English
speaking background, had low level literacy skills and demonstrated problems
with reading, writing and comprehension. Keith demonstrated difficulty
concentrating and easily became involved in off task behaviour. He did not
speak clearly or participate in classroom discussions and constantly required
prompting to provide more than a one word answer or shoulder shrug. Keith
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needed to be encouraged to speak audibly and clearly in order for others to
hear him as he tended to mumble or not speak at all. Keith demonstrated more
confidence in numeracy than literacy and although his results in the numeracy
assessments indicated low level skills he showed an enjoyment of and
enthusiasm for mathematics. Keith had a good pencil grip and excellent fine
motor skills which enabled him to participate fully in lessons using his strengths
when provided with opportunities. Keith was a member of both the Year Two

literacy and numeracy support programs.

Keith frequently displayed inappropriate classroom behaviours, such as sitting
awkwardly on his chair constantly moving, fiddling with pencils and wriggling
and he was unable to maintain his focus on task for long without reminders to
listen or participate. Although he enjoyed the mathematical games he tended to
become over excited such as throwing dice much further than needed. Keith
was quick to gain an understanding of the concept of reoccurring digits and
completed the number grid into the 200s. He was able to apply the counting on
strategy however after identifying the larger number he used his fingers to count

on.

Results of the DMT assessment held prior to the program indicated sequencing,
reading and writing numbers 1 to 20, addition, subtraction, multiplication and
division, ordinal counting, time, volume and capacity, visual representation and
problem solving were all areas in which Keith demonstrated limited
understanding. In the pre-program DMT assessment Keith made 67 errors and
in the final assessment he made 14 demonstrating considerable improvement in
numeracy understanding across the range of concepts assessed. Although
Keith made the second highest number of errors in the DMT pre-assessment he

was the student who showed the most improvement.

During the SENA interview Keith was restless, did not sit still and constantly
wriggled in his seat. He was slow to state the numbers that come before and
after a given number but when completing addition and subtraction problems he
was very quick to provide the correct answer. Keith recorded one of the lowest

number of errors in both the pre and post SENA assessments which was in
76



contrast to his DMT assessment. The individual interview format of the SENA
assessment which required limited reading and writing skills suited Keith and he

was able to demonstrate higher numeracy knowledge orally.

Keith’s limited literacy skills hindered his ability to complete pre-made
worksheets as he required all questions to be read to him and due to his limited
recall he needed constant support because he was unable to complete written
activities independently. During lessons that required completing pre-made
worksheets with any form of instructions in written text Keith needed to wait for
assistance so the text could be read to him which even in a small group of 12
students was frustrating for him. When the instructions or questions were longer
than one step Keith had difficulty, however when the instructions were easily
followed Keith completed activities independently. Games and activities which
required no reading of text enabled Keith to participate fully and demonstrate
his numeracy understanding and participate fully with his peers (figure 28).
Keith demonstrated his improved numeracy skills by progressing from 11"
position in the DMT assessment held prior to the program to equal 5™ place.
The focus on numeracy skills in combination with reduced literacy demands
enabled Keith to participate fully in mathematics lessons and limited off task

behaviour.

Figure 28. Games, number sentences: Keith
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Simon

Simon was assessed by the school psychologist in May after his classroom
teacher had expressed her concern to his parents regarding his difficulty
concentrating. Simon had a very low level of work output and the quality of his
written work lacked legibility and basic conventions of print such as size, shape
and spacing of letters. Results of the professional assessment indicated Simon
possessed an average cognitive ability and strength in visual spatial
manipulation, his processing speed was strong but verbal comprehension weak
for his age. The outcome of further professional assessments recommended by
the school psychologist resulted in Simon being diagnosed with Irlen Syndrome,
a visual perception problem affecting his reading and learning causing eye

strain, frowning and the need to move printed text close to his eyes.

Simon was a small boy for his age, the youngest student in his class and a
member of both the Year Two numeracy and literacy support groups. Simon
was constantly very restless preferring to perch inappropriately on his chair and
he found it difficult to remain focused for any length of time. Printing and
handwriting were laborious and tiring activities for Simon resulting in him having
difficulty putting his thoughts on paper or copying accurately, particularly if time
limits were set. However when the pen and paper work involved diagrams and

not words Simon participated enthusiastically and managed to complete tasks.

Simon displayed immature behaviours frequently calling out to tell completely
random stories during classroom lessons, providing further evidence of his off
task daydreaming thoughts and lack of focus on the topic. During the times
when Simon lost concentration he was not a distraction to others but he needed
a review of what he was supposed to be doing to refresh his thoughts in order
for him to continue on with the set task. Simon was able to maintain a higher

level of focus during hands-on activities such as games and measuring tasks.

Although Simon was a quiet student who was frequently off task he willingly
attempted all tasks and accepted assistance from the teacher and his peers but
he never actively sought help of his own accord. Simon demonstrated a

preference for visual learning and needed to be encouraged to speak and to
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participate verbally in small group and whole class lessons. He seldom
completed written activities without extra time or continuous prompts and
required high levels of supervision, however when he participated in an activity
he enjoyed or one that provided him with an opportunity to apply his own
creativity he did not require any prompting. When working with the Cuisenaire
rods Simon was quick to recognise the repeated pattern, “It's a pattern,” he
stated eagerly as the reverse side was built up (Journal, Appendix F). Simon
demonstrated a high level of concentration and was able to maintain focus for
greater periods of time when he enjoyed the lesson content and was able to

draw illustrations and orally explain his understanding (figure 29).

Figure 29. Recording measurement activities: Simon

In the first DMT assessment Simon had the most difficulty in the concepts of
money, reading and writing numbers, addition, subtraction, multiplication and
division. He was competent in the areas of counting, length and visual and
spatial concepts. Results of assessments held at the end of the program
indicated that Simon had improved in all areas particularly reading and writing
of numbers, money and multiplication. He increased his understanding of

addition and subtraction but still did not demonstrate a sound level of
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confidence. Simon made 51 errors in the first DMT assessment held prior to the
start of the program and in the final assessment only 16 errors suggesting
considerable growth in his understanding of the numeracy concepts with which

he had struggled previously.

During the SENA assessment it was observed that Simon’s counting speed was
slow and he was extremely hesitant when counting forward particularly beyond
109 although he was able to successfully do this. Simon found counting
backwards easy and was faster at stating the number that came before a given
number than stating the number that came after a given number. He was very
fast at manipulating the counters into groups during the multiplication and
division problems demonstrating a high level of confidence when working with

objects he could touch.

Simon correctly answered all ten sections of the assessment an improvement
on the first assessment when he achieved only three correct sections. During
one lesson students were asked to draw a race following a given set of
instructions to place coloured ordinal positions. Students drew their race with
the starting line reversed to that demonstrated on the whiteboard which was
interesting as they produced work from their perspective and did not rely on
copying. Simon’s drawing was even more unusual as he drew his cars lined up
in two rows. | had assumed students would draw one line as had been
demonstrated in all previous examples with ordinal numbers. When questioned
about why he had drawn his two lines of cars he replied; “You see cars lined up
to race like this, in rows” (figure 30). Simon applied these to his already

developed view of the world when learning new mathematical concepts.
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Figure 30. Car race: Simon

When interviewed at the conclusion of the program Simon observed he enjoyed
being a member of the mathematics support group and stated he liked playing
games the best. Simon believed he was able to work better in the smaller room
because it was quieter and he was confident that he had improved his

numeracy skills at the conclusion of the program.

Three highest scoring students: DMT pre-assessment

Kaisha

Kaisha experienced difficulty in both literacy and numeracy and was a member
of both the Year Two numeracy and literacy support groups. She was well
behaved and able to maintain focus on her work and completed set activities in
the allocated time. Kaisha however, had difficulty interacting with her peers as
she tended to be bossy and appeared to be unaware of how her behaviour
affected her ability to make and maintain good relationships with her peers.
During small group activities Kaisha attempted to dominate others in her group
and had a difficult time being a member of a team preferring to work

independently.
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Results of PIPS assessments in 2008 indicated Kaisha had difficulty in literacy
but her numeracy understanding was not a concern. Kaisha was a member of
both the literacy and numeracy support programs for Year Two students having
been assessed as at risk in 2010. Kaisha tried hard and enjoyed the hands-on
activities and games, although she found interacting in a group difficult. Kaisha
was very quiet and needed to be encouraged to talk aloud when applying the
mathematical concepts which made it more difficult to follow her thought

process and understanding in comparison to the other students in the group.

Kashia scored one of the higher marks in the DMT assessment of the students
selected for the program and at the completion of the program her results
showed improvements in most concepts. Her largest gains were in the areas of
reading and writing numbers, addition and problem solving but her score in
division and time was lower than in the pre-test and remained the same in
volume. The concept areas in which Kaisha demonstrated an improvement
were those focused on during the course of the program and the concepts in

which she did not improve had not been specifically taught.

At the beginning of the program Kaisha's results in the SENA assessment
indicated she was unable to count beyond 109 but she was very quick at
counting backwards and stating the number that came before or after a given
number. In the assessment completed at the conclusion of the program Kaisha
had only one incorrect section and she had improved in the concepts of
numeral identification, sequencing, counting backwards, number before,

subitising, addition, subtraction, and multiplication and division.

When interviewed following the program Kaisha said she enjoyed being a part
of the support group and thought using counters was the best part. She said
mathematics in the mainstream class was harder than in the support class
because in the Year Two classroom counters were not used. She commented
on the difference in noise level between the two classrooms with the support
room not as noisy as the Year Two classroom. Kaisha believed she was much

better at maths at the end of the program than she was at the beginning.
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Rachel

Rachel was a student of African heritage and English was her second language.
Although she had an excellent use of spoken language her reading and
comprehension were of a lower standard than the majority of Year Two
students. Rachel’s difficulty in both literacy and numeracy were identified
following the PIPS assessment in 2008 and her at-risk status was maintained in
2010 when she was a member of the Year Two literacy and numeracy support
programs. Rachel had a friendly personality and she was popular with her
peers. Rachel was an enthusiastic participant in all lessons and an excellent
worker who was proud of her effort; however she demonstrated a low level of
confidence and constantly sought reassurance. Rachel had a need to have the
correct answer and was reluctant to make an attempt without knowing that her
answers would be correct. Rachel never hesitated to assist or encourage others
and she was equally effective as a group leader or member. Although Rachel
lacked confidence she always attempted tasks, and her willingness to seek
clarification and assistance was a good model for her peers. Rachel was right-

handed, used a correct pencil grip and presented neat written work.

Results of the DMT assessment held prior to the support program indicated
Rachel’s areas of limited numeracy understanding were the concepts of
sequencing, reading and writing numbers 1 to 20, addition, subtraction,
multiplication, division, ordinal counting, time, volume and capacity, visual
representation and problem solving. In the results of the post-program DMT
assessment Rachel demonstrated competence in most areas excluding addition
with the number of errors in this concept remaining the same as in the initial
assessment. The concepts of multiplication, division, addition, counting
backward and forward were concepts Rachel had not mastered in the SENA
assessment prior to the support program but in the post-program assessment

Rachel demonstrated her competence in all areas.

When interviewed at the conclusion of the program Rachel stated she enjoyed
being a member of the numeracy support group and liked free play and free
drawing the best. Rachel stated she liked working in the quieter environment of

the support room with easier work. Rachel believed she was much better at
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mathematics at the end of the program than she had been previously and that

she now enjoyed mathematics lessons.

Anne

Anne was of Asian descent with English as her second language. Both her
literacy and numeracy skills were recognised as weak in the 2008 PIPS
assessment and again in 2010 when Anne was a member of the both the Year
Two literacy and numeracy support programs. Although Anne tried her best at
all times was well behaved and positive she did not converse easily and
frequently failed to gain understanding even after additional one to one

assistance.

Anne was a serious girl. She was very well mannered and although she
generally remained on task she often did not participate fully preferring to sit
back and watch others. Anne pressed very hard with her pencil and produced
large print resulting in written text being quite an effort for her and she seldom
completed written activities. Anne was slow at processing her thoughts and in
line with her written work her speech was also slow. She performed better when
completing pre-made worksheets than she did when creating her own examples
due to the time needed for her to write and draw illustrations (figure 31). This
difference noted between the students highlighted the importance of allowing
students to demonstrate their understanding orally and not to rely on
worksheets marked after the lessons are completed.
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Figure 31 Halving worksheet: Anne

Anne improved in the areas of reading and writing of numbers, addition and
subtraction all concepts which were a focus throughout the support program.
She made considerable progress in both time and multiplication but she did not
achieve as well in the second assessment in the areas of ordinal numbers,
division and area.

In the initial SENA assessment Anne misread 20 for 12 and was unable to
count above 109. She was very confident when providing both the next number
and the number that came before a given number; however she was slow
counting backwards from 23. Anne made only one error in the subtraction
section and was confident sorting counters into groups. In the SENA
assessment held at the conclusion to the program Anne demonstrated her
improvement in the areas of number sequencing, both before and after,
counting, subtraction, multiplication and division but was still not able to

demonstrate an understanding of forward counting beyond 109.
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Anne always tried hard but required the use of resources she could physically
manipulate to solve problems. She demonstrated difficulty understanding
abstract problems and in activities which involved participating in whole group
discussions. Anne showed a strong preference for lessons which involved
visual stimuli and manipulative objects. During game playing when students
applied their counting on and counting back skills Anne appeared to begin to
develop an understanding and applied strategies successfully although she
remained a very quiet participant, preferring to watch and was reluctant to

verbalise.

When interviewed at the conclusion of the support program Anne stated she
enjoyed mathematics and liked being part of the support group and the part she
liked the most was being able to count in a variety of ways. She said she
learned about the many different signs used in mathematics and that the
biggest distinction between the Year Two classroom and the support room was
the quietness of the support room. Anne believed she was much better at

mathematics at the end of the program compared to at the beginning.

Other Students

Elise

Elise was a happy girl who enjoyed participating in all the activities. She was
popular with her peers and although she struggled academically in literacy and
numeracy she was very talented musically. At least once each week Elise left
the classroom for a violin lesson however on her return she settled back into the
activities quickly without creating any fuss and completed all tasks willingly.
Elise always appeared to listen to instructions, be on task and to understand the
concepts covered in each of the lessons when these were discussed prior to
students completing tasks independently. Evidence gained from marking her
work showed Elise had not understood and the causes of her misunderstanding
were not obvious as her errors were inconsistent. Extra help was provided to
reduce the difficulty she had following instructions and she was encouraged to
repeat the instructions in her own words. Elise did not seek help or volunteer to
contribute during group discussions, however she would join in when called

upon and worked well with a partner or in small group activities.
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Elise was experiencing difficulty in all academic areas in the Year Two
classroom and because of the effort she made in comparison to the outcomes
achieved Elise was recommended for further assessment by professionals
outside the school environment. During the course of the support program Elise
was diagnosed with dyslexia which helped explain her ability to participate in
the hands-on, practical activities in the classroom and the lower or inconsistent
results demonstrated in the written activities and assessments. Elise was left-
handed and the size, spacing and shape of her written characters indicated a
difficulty with spacial awareness. She had to put extra effort into her writing to
improve the legibility but she still found explaining or reading back her own work
a challenge, particularly if not attempted straight away (figure 32).
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Figure 32. Number stories: Elise

Elise was the student with the lowest level of improvement in both the DMT and
SENA assessments. Although Elise demonstrated a small improvement in the
DMT concepts of sequencing, reading and writing numbers, subtraction and
multiplication, her largest increases were in the areas money and mass which
were not focused on in the program. Elise achieved higher scores in her original
DMT assessment in the areas of ordinal counting, measurement, visual and
division and in the remaining concepts she neither made an improvement or a

regression.

In the post-program SENA assessment Elise improved in the areas of

seqguencing, number before, addition and multiplication and as with the results
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of her DMT assessment Elise’s results in the SENA were lower in the areas of
next number, and counting backwards. She also made no improvement in the
concepts of numeral identification, subitising, and counting but her addition
skills improved across both the assessments. Elise improved her marks in the
SENA multiplication tasks although this was reversed in the DMT assessment.
In the SENA assessment held prior to the support group Elise counted in
sequence to 109 but then jumped to 1000. She did not use a counting on
strategy when adding one group of counters to another group she had just
counted. Instead, she returned to one and counted all. Elise had difficulty
stating what number came before and after a given number. At the conclusion
of the program Elise was still unable to count beyond 109 and remained
confused with the number that comes before a given number but she was able
to count backwards with fluency. Elise was able to complete the addition
problems and counting activities successfully and was beginning to apply the
counting on strategy but she could not count on or back when completing

subtraction problems.

When interviewed at the conclusion of the support program Elise said she
enjoyed being part of the numeracy support group. Elise said the biggest
difference she noticed between mathematics lessons in the mainstream
classroom and in the support program was “Miss C (classroom teacher) tells us
the answers but Mrs H doesn’t, she lets us figure it out”. Elise believed she was
better at mathematics at the end of the program.

Neil

Neil was selected to be a member of the numeracy support group but he was
not a member of the literacy support group for Year Two students. Neil was
acknowledged as experiencing difficulty in both reading and mathematics in the
2008 PIPS assessment. Although one of the weaker students in numeracy from
the Year Two cohort he did show strengths in some areas and at first was not
considered to be a priority for placement in the support program.

In the Year Two classroom Neil’'s behaviour had caused concern as he

frequently lost concentration and did not complete tasks he was believed
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capable of finishing. Neil was a friendly happy student who was popular with his
peers, well behaved and well organised. He was right handed and had a correct
pencil grip. Neil was able to complete most tasks set during the intervention

program.

Neil improved from having the fourth lowest number of errors in the DMT pre-
assessment to the second lowest in the post-assessment. When interviewed
followed the conclusion of the intervention program Neil stated he liked free
drawing activities most and maths was sometimes more difficult in the
mainstream class. He believed he was much better at mathematics than he had
been prior to the program.

Summary

All students recorded improvements in their numeracy skills over the 20 week
program, this was demonstrated in their application of basic numeracy skills
shown in both the SENA oral assessment and the DMT written assessment.
Elise was the only student who had limited levels of improvement in comparison
to her peers. Fletcher, Denton and Francis (2005) suggested unexpected
underachievement may indicate an inability to learn from instruction that is
effective for most students. Therefore, although the majority of participants
improved their numeracy skills, Elise’s results could signify a need for a different

type, a greater intensity or longer duration intervention.
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Figure 33. DMT: Reduction in number of errors

The activities in the program were designed to support numeracy concepts and
strategies in addition and subtraction and the reading and writing of numbers
with multiplication and division introduced using the process of grouping and
sharing objects. Results of the post-program DMT assessment indicated an
improvement in all the areas assessed with the concepts in which the students
demonstrated the most progress were reading and writing of numbers,
multiplication, division, money, time and clocks and problem solving. Although
money and time were not specifically taught in the numeracy support program
as anticipated students’ improved basic numeracy skills enhanced their skills

other areas of mathematics.
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CHAPTER SIX

DISCUSSION OF RESULTS

Introduction

An analysis of the pre and post-program diagnostic assessments examines the
impact the support of the program had on the students’ numeracy skills. The
progress of the three students who demonstrated the lowest numeracy
understanding in the pre-assessment together with the three students who were
the highest performers is appraised. As recommended by Hong and
Enrensberg (2007) both formal and informal methods of assessment were
adopted to create student profiles from which information was compared in
order to evaluate student progress. The effect the many features incorporated
into the program had on the students’ academic achievement and their attitudes
towards mathematics are gauged. These features included the numeracy
concepts, environmental features, behaviour, learning difficulties and

disabilities.

Diagnostic Assessments
The accuracy of the Diagnostic Mathematical Task (DMT) assessment in the

identification of students at risk in numeracy and their areas of difficulty was
supported by the outcomes of the Schedule for Early Numbers Assessment
(SENA). Observations made during the verbal SENA assessment revealed
information about how students answered the questions rather than relying on
written answers provided in the DMT. A lack of confidence in their own
mathematical ability was demonstrated by the students with responses given
such as “Don’t know”, or “It’s too hard” instead of attempting to provide an
answer. These comments made by the students supported finding of Torbeyns,
Verschaffel and Ghesquiere (2004) who reported a cause of students’ inability
to solve problems stems from a limited knowledge of strategies to apply.

The DMT assessment proved to be a reliable diagnostic test with all students

identified as at risk previously being identified by the PIPS assessment in 2008.
Herman and Baker (2005) recommended the use of diagnostic assessments to
plan appropriate programs for students and the results of both DMT and SENA

enabled the support program to be planned around the students’ level of
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mathematical development. In a written DMT assessment the students knew
they could select an answer from one of the choices provided, but in the spoken
SENA assessment a lack of understanding resulted in the student not knowing
what to say. The SENA assessment utilised hands-on activities students were
accustomed to participating in during routine classroom lessons and therefore

rendered a realistic appraisal of their ability.

The correlation of the DMT and SENA assessments contributed information on
each individual student’s numeracy strengths and weaknesses and defined
where teaching should begin in order to commence at the students’ current
level of understanding and stage of mathematical development. Powell and
Kalina (2009) recommended locating each student’s Zone of Proximal
Development (ZPD) in order to maximise student learning. Lessons were based
on the findings and enabled the establishment of an environment that optimised
learning opportunities for the participating students.

Students were guided through scaffolded lessons advancing from their current
level of understanding to the next. A selection of games allowed for repeated
practice of the fundamental concepts of addition, subtraction, multiplication and
division. Repeated practice to assist students develop their working memory
was promoted by McGlaughlin, Knoop and Holliday (2005) as an important
feature of numeracy support programs. This method of teaching had a positive
effect on student achievement with the students demonstrating higher levels of

numeracy understanding at the conclusion of the program.

Learning Environment

Doll, Spies, LeClair, Kurien and Foley (2010) suggested features which affect
student academic performance include a supportive environment, the degree of
autonomy and student self belief. Pianta and Stuhlman (2004) deemed the
relationship developed between students and the teacher directly influenced
students’ behaviour. The students who participated in the intervention enjoyed
being members of the support group, eagerly attended lessons and expressed
their disappointment when classes did not take place. During the individual

interviews held at the conclusion of the program Thomas, Rachel, Kaisha,
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Anne, Elise and Sara stated they liked being a member of the support group
and believed they had improved their numeracy skills. Simon, Lance and Nell
were very confident they were much better at mathematics after the program
and also enjoyed being members of the small group. Keith said he loved being
in the small support group where the work was easy and he was decisive he
was much better at the end of the program than he had been previously.
Although they both demonstrated an improvement in their numeracy skills said
they enjoyed participating in the program Tama and Leanne did not consider
themselves any better at mathematics following their participation in the
lessons. The students in the support group had the same learning difficulties
throughout the program with the environment and program content being the
influencing factors on student achievement. Results of the intervention concur
with the findings of Cuttance (1998) that the external environmental influenced

student achievement more than internal factors.

Lesson Content

To foster involvement and academic performance the students were
encouraged to speak aloud while they participated in activities. These features
are advocated by Choi and McPherson (2005) who contended that speaking
while learning has a positive effect on numeracy achievement. At first some
students were reluctant to apply this method but most quickly incorporated this
strategy into their activities. One exception was Kaisha; she did not easily take
part in group exercises and she did not achieve the improvement levels of the
other students. In contrast Elise was an enthusiastic participant who actively
contributed fully in all lessons but she made the lowest improvement between

her pre and post-assessments.

Sherman, Richardson and Yard (2005) expressed their surmise that the content
of mathematics lessons for students at risk should ultimately be aimed at their
current level of understanding and Ketterlin-Geller Chard and Fien (2008)
encouraged the use of scaffolding experiences in intervention programs to
equip students for success. Incorporating these strategies into the program with

the content of lessons specific to the students’ needs and not merely a
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modification of the classroom program resulted in all participants successfully

improving their mathematical understanding.

A dislike of pages of text or numbers resulted in an immediate negative “Can’t
do it” reaction from Lance. His anxiety prevented any positive action or
behaviour without individual adult intervention. Lance found tasks more
challenging than his peers and his slow processing speed hindered his ability to
complete tasks even when he was provided with individual assistance. No other
students in the group exhibited anxiety during mathematics lessons although
they did experience difficulty with the reading text in worksheets. Regardless of
their ability students completed written tasks and activities to the best of their
ability applying a range of strategies including asking a peer or teacher for
assistance. Compared to early stages in the program when Lance displayed a
dislike of written text both words and numerals he demonstrated increased
confidence during assessments held after the 20 week period. Although he did
not always select the correct answers he believed he had and stated ‘This is
easy’ signifying his attitude towards mathematics had become more positive.
Schunk and Pajares (2005) reported student success is strongly influenced by
their belief in what they can achieve and their experiences of success. Lance
experienced success through his participation in mathematics lessons which
were within his ZPD and as a result he developed a positive attitude towards

mathematics.

Mann (2006) recommended that mathematics should not focus on the correct
writing or answering of algorithms in order to develop thinking and problem
solving skills but encourage students to create and answer their own problems.
Students were not pressured to complete a worksheet photocopied from a
published book in a given period of time or to copy from the board but were
provided with opportunities to think mathematically and creatively. By obtaining
and maintaining their interest through the use of tasks which allowed them to
apply their creativity Lance, Simon and Keith displayed less off-task behaviour
and as a result they completed a greater volume of work than when completing

worksheets.
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Kaisha was a reluctant participant and contributor during small group activities
and therefore may have not maximised the learning opportunities captured by
other students, possibly causing her not to attain the levels of improvement
achieved by her peers. Although Kaisha enjoyed being a member of the group
she did not mix easily with the other students which may have been a result of
relationships outside the support classroom. Similarly Anne did not
communicate freely with other students and she found the sharing activities
difficult. Anne worked slowly and methodically and did not like to talk aloud and
she was one of only four students who requested assistance when experiencing
difficulty. Anne was able to maintain her focus and work independently ignoring
distractions occurring in close proximity to her. Both Anne and Kaisha
possessed very dissimilar personalities with Kaisha being dominant while Anne
was reserved. In comparison Rachel worked as well in a small group as she did
independently and was able to spend more time on task than in the mainstream
class due to the lower student to teacher ratio. All three of the girls were among
the students who achieved the lowest number of errors in the assessments
completed prior to beginning the program but also the least improvement at the
conclusion. These results suggest the teaching method and group activities did
not impact on the three girls to the same extent as the lower achieving students.
Evans (2007) found that students experiencing mathematical difficulties
required explicit or direct teaching because they were unable to grasp new
concepts or develop new strategies in constructivist style lessons which
resulted in a reliance on inefficient strategies. In the intervention program
constructivist style lessons in a small group with a low student to teacher ratio
the weakest students achieved the greatest gains in numeracy skills. In support
of Evans research the highest performing students in the pre-assessment did
not achieve the same degree of improvement as the lower students and

appeared to prefer more structured and directed lessons.

The low student teacher ratio ensured Keith was well-supervised throughout
each lesson and the variety of hands-on activities ensured that he was
constantly kept engaged. A combination of the high visual content of the
lessons and hands-on activities helped Keith to successfully develop a sound

understanding of basic numeracy concepts. At the conclusion of the program
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Keith’s numeracy skills had improved however, his behaviour had not changed
and he remained in need of close supervision and encouragement during

mathematics lessons.

Written worksheets proved to be unappealing to Simon and when they were
included in the program he showed his tendency to daydream, but during
interactive activities in which he could participate physically or orally he
maintained his focus. Simon did not become anxious but the lack of appeal
failed to stimulate his interest resulting in the need to provide frequent prompts.
Mathews (2006) reported students with dyslexia will have more success when
they experience and discover things for themselves and lists of facts are not
easily retained in the memory. The use of manipulatives and illustrations in the
program assisted Simon to gain and retain an understanding of the
mathematical concepts covered during the course of the program. When
interviewed at the conclusion of the program Simon said he enjoyed drawing his
own illustrations and maths problems the most. Simon’s pleasing improvement
may have been mastered from the opportunity to be creative during the
program which supported Starko’s (2009) view that the use of creative thinking
is a key strategy to help students learn.

Encouraging talking aloud is supported by MacMillan (2009) who promoted the
use of language as central to both teaching and learning and that by listening to
students talk teachers are able to gain access to children’s thinking processes.
This techniqgue was successfully applied during the program and provided
invaluable knowledge of students’ development. While students were
completing what appeared to be a basic worksheet a group were discussing
what salt and pepper shakers were with the answer provided from one “You see
them at Sizzler”. Students also discussed which was left and right, their left or
right or of the person or object in the picture. Following this incident | paid more
attention to the worksheets being given to students than | had previously.
Additionally, observation of the students’ answers highlighted a large amount of
confusion over positions which were dependent upon students’ individual
perspective. The concept of drawing a glass of water above each placemat also

depended upon one’s perspective and highlighted the need to listen to a
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student’s explanation of their answer and not merely mark a worksheet as

correct or incorrect (figure 34).

1. Draw ... Mf a+ o ;
: / - {ikhgsn \_d'l:]!nl'.‘}
[a) three flowers in the vase, - {.»é bt /i H,_
(b) a plate on each placemat, g !
(c] aglass of water above each piacemat, / j u

[d) salt and peppershakers to the ﬁght/uﬁ%he uase,_’r' .
[e) & fork to thefleft and a knife to the|rig bt of the plates,

s ho po =
{7 your favouritETinner on the plates. .= gL (

Figure 34. Position worksheet

In contrast to Elise other students who shared a specific learning difficulty
similar to her attained excellent improvement and made the most improvement
of all the participants. Elise demonstrated an enjoyment of mathematics and
she actively participated and maintained excellent on-task behaviour throughout
the program. An unreliable assessment due to randomly guessing the answers
correctly may have provided a higher score in her pre-test. Elise’s lack of
progress was not caused by off task behaviour, lack of concentration or effort.
Wade-Woolley (2007) reported that even with high quality instruction some
students will not progress and will require highly specialised and intensive small

group remediation.

Results of research conducted by Naglieri and Johnson (2000) found the effect
of mathematics instruction on students varied according to the student’s
cognitive profile. Students who did not have a weakness in planning did not
make the same level of improvement after participating in the same group

instruction as those who had a profile that included a weakness in planning. The
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research of Naglieri and Johnson posed additional questions about the possible
reasons for the large improvement made by some students and the low
improvement demonstrated by others such as exhibited by Elise. Research by
Kroesbergen, Van Luit and Naglieri (2003) found students with mathematics
difficulties also had cognitive processing difficulties which are important skills in
both reading and mathematics and are required for solving word problems
which require the automatic recall of basic facts. The students who participated
in the study did not participate in any cognitive assessments prior to the
program but an analysis of their cognitive skills may have assisted in an

explanation of why students responded differently to the intervention.

Learning Difficulties

During the course of the program Elise was diagnosed with dyslexia, Simon
was diagnosed Irlen Syndrome and Lance had been diagnosed with dyspraxia
in 2008. Matthews (2006) reported that students with auditory memory
problems predominately found in dyslexia, dyspraxia and Irlen Syndrome have
extreme difficulty remembering sequences of numbers, including simple number
bonds, days of the week, and months of the year. Lucangeli and Cabriele
(2006) proposed inattentive children appear to overload their working memory
with irrelevant information particularly in problem solving which left limited space
for decision making. Students experiencing literacy and mathematics difficulties
are also affected by working memory problems (Jordan et al. 2002;
McGlaughlin, Knoop & Holliday, 2005; Swanson & Jerman, 2006). Ketterlin-
Geller et al. (2008) expressed concern that there is insufficient time in a
traditional classroom mathematics lesson for students with low memory to
consolidate their learning. The extended lessons which consisted of two 85
minute and one 40 minute lesson provided time for students to develop

mathematical strategies and recall of number facts.

Wadlington and Wadlington (2008) suggested that understanding the variety of
signs, symbols and words used in mathematics are some of the problems
students with learning difficulties encounter. Matthews (2006) reported students
with learning difficulties become confused with left and right, following specific

directions, writing teen numbers and completing algorithms from the right to left.
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These difficulties were observed during the program not only by the students

with a diagnosed learning difficulty but among other members of the group.

Due to the time spent listening to students while they completed worksheets
and when working together during mathematics lessons the cause of their
errors could be identified and as a result students did not receive crosses for
wrong answers. Adjustments were made as the students worked and by not
marking answers incorrect but helping the student work through the problems
and encouraging them to locate their mistake and to talk aloud assisted to
create a positive attitude. Overcoming difficulties in mathematics associated
with dyslexia-type learning difficulties requires considerable more time than
available in 20 week program. Developing a positive attitude towards
mathematics lessons was the first step and this was achieved within the
intervention period. The additional assistance provided in the support room with
the low student to teacher ratio and ability to talk aloud had a positive influence

on students’ numeracy understanding.

Lance and Simon achieved exceptional growth in their numeracy understanding
after participating in the support program where they were involved in lessons
which were matched to their current ZPD. Although Elise shared a diagnosed
learning difficulty along with the Lance and Simon she did not have the same
level of distractibility. Elise enjoyed the group work, actively participating in all
activities where her confidence provided the impression of competence.
However, marking written tasks and results of the final assessments
contradicted this as Elise made the least improvement of all students in the
group. The support program did not influence all students with learning
difficulties to the same extent.

The common factors found in the students who demonstrated the most
improvement were off-task behaviour and low levels of concentration. Kaisha
did not have the learning difficulties, behaviour or concentration problems of the
members of the support group who made the largest improvements. She did not

demonstrate the levels of active participation during small group activities that
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other students did and therefore may have missed out on maximising the

learning opportunities taken by other participants.

Literacy

Nine of the 12 students who participated in the program were members of both
the literacy and numeracy support programs for Year Two students in 2010.
The number of students with both literacy and numeracy difficulties supports
Geary’s (2004) finding that the memory required for numeracy facts is the same
as needed for phonological decoding and this is linked to a student’s ability to
recall number combinations. The assessments and lessons were designed to
limit the influence literacy ability had on students’ numeracy success. Anne
required extra assistance due to her low comprehension and extra time to
complete tasks due to her slow processing and writing. The area in which Anne
made the most improvement was problem solving which requires knowledge of
the language of mathematics in addition to numeracy skills. Removing the
challenge of reading from numeracy tasks assisted the students with literacy
difficulties considerably. Their anxiety was reduced by eliminating the effort and
concentration needed to decode words as they struggled to read text. This
allowed the students to focus on their numeracy skill development and not their
literacy difficulties and contributed to an improved positive attitude towards
mathematics. Five students had an ESL background but this did not appear to
correlate with mathematical achievement attained in the program. Of the ESL
students Rachel and Anne achieved the lowest number of errors in the DMT

assessment and Keith achieved one of the most improved scores.

Behaviour

Research by Maher (2007) found students with low aptitude tended to play with
mathematics equipment rather than use it mathematically. The students’ limited
ability combined with their distractibility resulted in a constant need of adult
supervision and interaction. This was evident in the support group with
students, particularly Lance, Keith and Simon who received the highest number
of errors in the pre-test also having exceptionally low levels of concentration. All
three had a tendency to play with equipment and Keith would throw dice in an
inappropriate manner if he thought | was occupied elsewhere and not directly
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watching him. When partnered with students who were sensible he
demonstrated more appropriate behaviour and followed their lead. During
classroom discussions or direct instruction both Keith and Simon could not
listen without fiddling with objects, building towers from their rulers, pencils and
rubbers. Simon needed to be physically involved in an activity to maintain
concentration. Despite their off-task behaviour the three boys were also the
students who achieved the largest improvement over the course of the program.
The low student teacher ratio helped ensure students were able to be supported
and encouraged during the lessons and combined with active participation
prevented inappropriate behaviours. These results reflect the finding of Lee and
Zentall (2002) who suggested by increasing the level of active involvement
student behaviour improves. During the program keeping the students actively
engaged in physical tasks was a main priority. Sherman et al. (2005) purported
that easily distracted students stay on task better if working in pairs or drawing.
Throughout the program this concept was implemented with time spent waiting
for a turn, listening to, or watching others kept to a bare minimum. The students
worked mainly in pairs or a group of three. A range of activities which kept the
students fully occupied required them to draw diagrams or illustrate their
problems: a task they enjoyed. Increasing participation resulted in a significant
reduction in off task behaviour and the increased time spent on task resulted in
higher achievement by the students who previously had difficulty remaining
focused. Liaupsin, Umbreit, Ferro, Urso and Upreti (2006) reported students
displayed less off task behaviour and participated by asking and answering
guestions when they were academically engaged. This was found to be true of

the participants in this intervention program.

Keith’s behaviour reflected research by Maher (2007) who reported students
with low aptitude would play with equipment unless under constant adult
supervision. Keith had difficulty concentrating however, when provided with
direct supervision he was able to concentrate and complete the tasks. This was
also evident in the results of SENA assessment during which, under close
supervision, he was able to produce higher results than in the DMT
assessment. Classroom teachers reported that during whole class lessons they

had difficulty providing the necessary levels of support for the students who
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participated in the program. Encouraging students to apply a thinking aloud
strategy and verbalise their thoughts and actions as they solved problems or
moved counters assisted their level of concentration and improved on task
behaviour because waiting time was reduced. Although students were
constantly talking with only 12 students in a small room the noise level was low
enough for the environment to be considered quiet. This feature of the program
was one of the biggest differences the students noted between the student

support room and their Year Two classroom.

Summary

The purpose of the study was to develop a support program which would result
in an improvement in the numeracy achievement levels of Year Two students at
risk of developing mathematical difficulties. Shinn (2004) suggested the key to
preventing difficulties and later failure in mathematics is through early
identification of students who may be at risk and providing appropriate
intervention. Fuchs (2005) and Templeton, Neel and Blood (2008) reported that
without additional support students experiencing difficulties will fall further
behind their peers. A reduction of the gap between the numeracy achievement
levels of students at risk and their peers and the development of a positive
attitude towards mathematics by the participants were envisaged outcomes of
the program. Sherman et al. (2005) defined mathematics achievement in terms
of skill level, a positive attitude toward learning and the ability to reason and
solve problems. These definitions were used during the course of the support

program to determine student achievement.

The students demonstrated an enjoyment of mathematics and their
understanding of the numeracy concepts and ability to apply basic numeracy
skills improved as evidenced in the mathematical assessments and interview.
The students’ ability to reason and solve problems was still developing but
should continue to improve as they gain more experience in the problem solving
process. Results of the support program were positive and the goal of students
increased their level of numeracy understanding during the 20 week program

was achieved.

102



CHAPTER SEVEN

IMPLICATIONS

Introduction

The implications for mathematics teaching established from the outcomes of the
20 week support program are outlined. This begins with an explanation on the
need for early intervention based on initial diagnostic assessment, followed by a
section focusing on the content and frequency of lessons. Strategies that were
deemed to be successfully applied in the program and how they influenced
student achievement are reviewed with recommendations about how these may
be incorporated in a classroom setting. Factors found to influence student
success included creativity, play-based activities and classroom environment. A
review of other factors of the program such as student behaviour in addition to
the effects of the program on student achievement emulates Garcia, Sanchez
and Escudero’s (2006) recommendation that reflection of events that occur in
the classroom improves future action. In view of MacMillan’s (2009) notion that
a challenge of teaching is a willingness to reflect critically, a reflection of my
experiences during the program is presented. The chapter concludes with
recommendations for best teaching practice to support students experiencing

difficulties in numeracy.

Early Intervention

Ten of the students who patrticipated in the program were identified as being at
risk in numeracy during their Pre-primary year from the results of their PIPS
assessment. Additional instruction beyond the standard classroom lessons was
not provided for these students until the introduction of the Year Two numeracy
support group in 2010 when they were identified as at risk in numeracy as a
result of the Diagnostic Mathematical Task (DMT) assessment. Students
determined to be at risk in numeracy in 2008 continued to be at risk in 2010.
The identification of the same students after a two year period emphasised the
importance of establishing an early intervention program specifically targeted at
the students’ level of understanding to prevent continued barriers to learning.
Intervention should not be delayed until the students have fallen further behind

their peers and are causing elevated levels of concern. Stanovich (1986)
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described what is known as the Matthew Effect when students continue to fall
further behind their peers, which is the likely outcome of not implementing an
intervention program for identified students. Research by Hamlett (2005)
ascertained that tutoring small groups of two to three students improved their
mathematics skills more than would otherwise have occurred although
additional support may need to be continued in the subsequent years. Although
students who participated in the support group demonstrated an improvement in
their enjoyment of mathematics and numeracy skills they may not continue to
build on their knowledge at the same rate as their peers without some form of

supplementary instruction.

Program Content

The practice in the school was for teachers to plan and publish mathematics
teaching programs prior to the commencement of each of the three learning
phases, consequently the focus was on the teacher teaching set concepts and
not addressing the students’ learning needs. Although the programs catered for
the Year Two curriculum content the students with low numeracy skills were
unable to demonstrate the pre-requisite foundation level numeracy skills and as
a result continued to fall further behind their peers. The amount of time
allocated to the teaching of each concept had not been sufficient for students at
risk to acquire satisfactory understanding. This supports the research of Evans
(2007) and Ketterlin-Geller et al. (2008) who reported on the difficulties teachers
encounter providing appropriately paced instruction for students at risk. The
ensuing progression to new concepts taught in the mainstream class which
required knowledge of the basic skills of addition, subtraction, reading and
writing of numerals were outside the understandings of the members of the
support group. It is difficult for teachers of classes with over 30 children to
provide content directed at each student’s level of understanding or to allow the
additional time needed for repeated practice because each lesson has been
carefully planned in advance to follow a prescribed syllabus. The DMT
assessment established each student’s level of mathematical understanding
from which the support program was developed based on the concepts which

are the foundation on which sequential mathematical skills are built.
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The National Mathematics Advisory Panel (2009) acknowledged the existence
of pressure to move on to the next topic before the students had mastered the
current material and accentuated the need for reducing the pressure by
combining topics. This may still not provide the time necessary for the repeated
practice needed by students at risk. The support program consisted of two 85
minute lessons each week, 40 minutes longer than the standard 45 minute
lesson and one 40 minute lesson, thus providing students with the extra time
they required for repeated practice in order to successfully master the vital basic
concepts. Schools must establish additional teaching sessions for students at
risk in numeracy in junior primary. The time invested should reduce the extent
of numeracy difficulties in the higher grades and associated student anxiety and

negative attitudes toward mathematics.

Creativity

At the conclusion of the program students completed an oral questionnaire
during which their comments were scribed to remove the requirement of reading
or writing their response. Students provided direct simple answers and tended
not to want to elaborate on their reply. When asked what they enjoyed most
about the support group answers included, “Free drawing”, “Drawing my own
pictures”, and “Drawing the sums”. The students did not participate in free
drawing activities during lessons but their interpretation of the use of blank
paper on which they were able to demonstrate their understanding of numeracy
concepts was that it was free drawing. This reinforced Matthews (2006)
deduction that many children with learning difficulties need to be creative. Park
and Seung (2008) supported the use of creativity to enhance the learning of
mathematics. The advantage of using blank paper allowed the students who
were predominately visual learners with low literacy levels the flexibility to
demonstrate their numeracy skills creatively. This strategy also supplied the
teacher with greater insight into each student’s prevalent difficulties and thought
processes than could be concluded from the marking of a published worksheet,
where the focus is usually right or wrong answers and not why or how the

students answered or solved the problem.
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Students were often able to demonstrate correct understanding when working in
a practical capacity but answering questions on worksheets copied from
published books proved difficult for most of the participants of the support
group. When not daunted by the worksheets full of numbers and words to
complete the students’ confidence and enjoyment of mathematics noticeably
increased. When completing worksheets copied from published books students
focused on receiving ‘ticks’, did not want to ‘get it wrong’ and were reluctant to
have a go or apply new strategies. In contrast, while completing tasks on a
blank sheet of paper students eagerly applied their knowledge to provide
evidence of their understanding, without the fear of getting it wrong. The use of
photocopied worksheets creates a busy classroom but not an interactive
learning environment. Many worksheets produced for mathematics lessons
have large volumes of text on a page, lack clarity and focus on the student’s
literacy skills. It is essential teachers carefully consider the purpose, relevance
and content of worksheets copied from published books given to students and
instead present blank or grid paper to enable students to creatively demonstrate

their understanding.

Play Based Activities

Foster (2008) encouraged the use of games and simulations as effective tools
in mathematics education. Throughout the support program games were
carefully and deliberately included and were not employed to keep students
busy or as a reward. Repetitive practice of the basic numeracy skills of addition,
subtraction, and number recognition were core skills of the games which
enabled the students to increase their proficiency in these concepts. Students
did not perceive playing games as work and if a dice, counters or movable
objects were involved enjoyment was evident with no apprehension present. An
additional benefit of incorporating games into the program was that students
were able to develop their understanding of the relationship between concrete
and abstract. The importance of including games into a support program is
supported by Dowker’s (2003) finding that translation between concrete, verbal
and numerical formats is a crucial area in children’s mathematical development.
Classroom teachers should incorporate mathematical games constructively in

their numeracy lessons as an opportunity for repetitive practice and
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consolidation of basic facts and not for as a time filler or as a reward for early

finishers.

Generating time to observe and listen as students talk will provide teachers with
a much deeper awareness of each student’s ability than marking completed
worksheets especially after they have left the room. Games help students to
experience enjoyment during mathematics lessons which is extremely important
for students who have been struggling to achieve basic numeracy skills and are
at risk of developing a negative attitude towards mathematics due to their lack
of success. A highlight of the program was the positive and enthusiastic attitude
demonstrated daily by the students who eagerly rushed into the support room

asking, “Is it a maths day today?”

Environment

When interviewed at the conclusion of the program students stated that one of
the most noticeable differences between mathematics lessons in the support
class and in their own Year Two classroom was the noise level. Thomas, Lance
and Tama all stated the biggest difference was the size of the room and the
quietness. Sara reported she noted the lower number of children, less noise
and the different activities were the major differences. Simon declared he felt he
was able to work better in the smaller room because it was quieter and Rachel
reported she liked working in the less noisy room with ‘easier’ work. Kaisha and
Anne also stated they liked the quietness of the support room. Providing
support for a small group of children within a mainstream classroom limits the
range of strategies which can be implemented, such as playing games and
talking aloud as claimed by Notbohm and Nomura (2008). The large open plan
classroom environment did not have the visual or auditory elements necessary
to maximise the learning potential of students at risk. The location of the support
classroom next door to the Year Two rooms aided the perception of the room
being an extension to the Year Two room and diminished any negative
associations typically associated with ‘withdrawal’ programs. The influence the
environment had on student achievement follows the findings of Cuttance
(1998) who found the environment had a 60% influence on student

achievement. Numeracy intervention programs should be provided in an area
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where students can have as close to an optimal learning environment as
possible to maximise student achievement. The support room became an
extension of the students’ classroom and provided an environment with limited

distractions.

Behaviour

The low teacher student ratio ensured students were less inclined to become
distracted or to participate in off-task behaviour yet on their return to their
classroom they reverted to these behaviours. “I am not able to provide the
support that you give them. | cannot constantly be there for him all the time,”
reported one teacher. The students were mastering basic numeracy skills in the
support class but not gaining the ability to work independently or to concentrate
in the larger classroom. This indicated that following the implementation of an
intervention program an integration period during which additional support is
provided in the classroom would be beneficial. The program aimed to improve
the numeracy skills of the participants and the low student teacher ratio helped
students stay on task nevertheless there was not the intention to successfully
achieve long term behaviour modification. It was assumed behaviour would
improve simultaneously with ability but this did not transpire on students’ return
to their classroom. Hamlett (2005) advised a possible cause of off task
behaviour is a mismatch between the instruction given and that needed by
students. To reduce problem behaviour in the classroom teachers may need to
modify their teaching style and alter their program content to match the needs of
students, particularly those identified as being at risk. During the support group
lessons when the content was at students’ level of understanding off-task
behaviour was rarely witnessed. The Year Two classroom teachers commented
on the positive attitude all participants exhibited, their enthusiasm to attend
classes, disappointment when the numeracy support group did not take place

and that other students requested to attend the intervention.

Assessment
Elise, Anne and Rachel registered a higher number of errors in their post
DMT assessment than they had prior to beginning the support program. Of the

three students Elise was the only one who also made more errors in the SENA
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with Anne and Rachel improving in all concepts assessed in the SENA. Anne
and Rachel were among the students who achieved the lowest number of errors
in the pre-assessment. One possibility may be that due to the multi-choice
format of the DMT assessment students had a chance of guessing correctly and
therefore provided a false impression that the concept was understood. If
understanding still had not been mastered by the time of the second
assessment when the answer was guessed again and a different answer was
selected the result could be a negative movement. Another possibility is copying
from each other may have occurred due to the number of students assessed at
one time with 32 students in one large group for the DMT pre-assessment.
Although the students were closely monitored during the assessment, students
were clustered extremely closely in the Year Two classroom with up to six
students at one table. The possibility of copying was reduced during the second
assessment as only the 12 members of the support group were assessed at the
one time. The seating arrangements were significantly more spacious with
children seated two to a desk with ample personal space. It is recommended
assessments of students be in groups of 10 to 12 to minimise discrepancies.
The use of two forms of assessment such as the DMT and SENA provided a

valuable correlation between student’s achievements.

Reflection

Ginsburg and Golbeck (2004) questioned the evaluation of support programs
which are traditionally measured by student achievement and suggested the
quality of the program and the effectiveness of the teacher are also vital
components. Hattie (2005) recommended teachers use student achievement to
analyse their own teaching and although the focus of the program was on the
student’s learning, in line with Hattie’'s suggestion | reflected on my own
teaching skills and beliefs about students and how they learn. As | observed,
monitored and interacted with students throughout the 20 week program |
believe | transformed as a teacher. With an emphasis on students working
together in small groups while developing a thinking aloud strategy under my
observation | realised | was able discover with greater accuracy each student’s
specific areas of strength and weakness. | now believe that in the past | was too

intent on constantly working with children and felt guilty if not busily interacting,
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whereas during the program | was able to intervene in a timely fashion. | aim to
increase my observations of students working in the future, to listen more to the
students and to have them listen less to me. One recommendation for
classroom teachers that | found invaluable during the study, which should
positively affect their teaching, is to stop being so busy working hands-on with a

student and to stand back, watch and listen.

Another discovery | made while working with the students was although | had
previously not liked using photocopied worksheets, by working with the students
and paying more attention to reading and explaining concepts to students |
realised how confusing the language can be. Any teacher marking worksheets
following the completion of a lesson and not listening to students explaining
their reasons for obtaining their answers is not procuring an understanding of
their students’ mathematical thinking. | recommend the use of photocopied
worksheets should not be a routine, everyday practice but kept to a minimum

and if used they need to be studied first and not haphazardly distributed.

Prior to the numeracy program | had been a reluctant user of mathematical
games based on my experience of student behaviour in a mainstream
classroom when the opportunity to play or work in small groups without direct
supervision often resulted in appropriate activity. Nonetheless | found the
games were incredibly successful in an environment with a low student to
teacher ratio and based on the impact the games had on student achievement |

will definitely include games regularly when teaching in the future.

Unfortunately PIPS testing, incursions, excursions, illness and unforeseen
circumstances interrupted the planned 20 week program. Although the number
of teaching days was significantly reduced students did demonstrate a pleasing
growth in their numeracy skills. Of the maximum possible 60 lessons over 20
weeks only 37 were achieved. Although the study was intended to cover terms
two and three, unplanned delays resulted in the program extending across two
holiday periods and three terms. In hindsight, an earlier start date and a shorter
length, possibly fifteen weeks with an additional period for those students who

had not mastered specific concepts may be a better alternative. The study took
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place in a typical school environment and the program incurred all the natural
disruptions that transpire during a school year and as such the intervention

program was conducted in a realistic setting.

Best Teaching Practice
As a result of this research study | believe it is extremely important for the
mathematical achievement of all students that:

e Diagnostic assessments are undertaken and immediately followed by the
implementation of an intervention program for students identified as at
risk.

e Mathematics lessons focus on the student ability and are tailored around
their Zone of Proximal Development (ZPD) and not pre-planned to suit a
set curriculum.

e A classroom environment be created that maximises learning by limiting
distraction and off-task behaviour including the provision of a suitable
acoustic setting.

e Explicit teaching of concepts with immediate feedback is followed by
activities that incorporate multisensory, hands-on, play-based activities
and thinking aloud.

e Creativity is promoted through the use of blank paper to allow students to
demonstrate their understanding and not the completion of fill-in-the-gap
worksheets or published year level workbooks.

e The teacher to student ratio promotes learning while providing time for
teachers to observe and listen in order to provide timely intervention.

e Teachers become observers to facilitate student learning and not

markers.
Students identified as being at risk in numeracy in 2008 continued to be at risk

after a two year period emphasising the importance of early intervention to

prevent continued low performance and spiralling deficits.
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The inclusion of play-based activities in the program provided opportunities for
students to gain confidence in the basic skills needed for higher order concepts
and introduced an element of fun into the lessons. Removal of the focus on
achieving correct answers as required in the completion of pre-made
worksheets provided opportunities for students to demonstrate their
understanding creatively. Tasks that were centred on students’ creative input
increased their enjoyment in mathematics lessons and provided a greater depth
to their understanding and level of achievement. A low student-teacher ratio
combined with activities set within the students’ ZPD had the positive effect of
reducing off-task behaviour because students were not challenged with tasks
beyond their current level of understanding.

The students who participated increased their basic numeracy skills and
enjoyed the activities during the program, however when faced with a higher
student to teacher ratio and mainstream lessons they may struggle to continue
to demonstrate similar levels of achievement. The pace of instruction necessary
to complete prescribed year-level curriculum does not allow the time required by
students at risk to obtain understanding through repeated practice and the
research raises the question of how teachers can maintain the balance of

keeping pace with the curriculum while meeting the needs of all students.
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APPENDIX A Parent and Principal Consent Forms

AUSTRALIA

Faculty of Education and Arts
School of Education
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Numeracy Support for Year Two Students

Principal

17 May 2010
Dear

| request permission to conduct a research study as part of my Masters of Research
(Education).

I have completed the proposal stage of the research and would like to begin the data
collection phase in term 2, 2010.

The purpose of the project is to plan, implement and evaluate a numeracy program for a
group of twelve Year Two students diagnosed as requiring extra support.

Students will be asked to:

Complete an individual diagnostic assessment before and after completion of the
program. This is to provide the researcher with a depth of understanding of areas of
difficulty not obtainable from a pencil and paper test.

Participate in a program providing intensive numeracy development for three or four, 30-
40 minute lessons each week over a period of 20 weeks. These small group sessions will
be held in the student support room, adjacent to the Year Two classroom. Lessons are
based on the use of hands-on activities and games combined with the encouragement to
talk aloud as they develop their mathematical skills.

This study will have a completion date of no later than December 2010. It is anticipated
students will increase the rate of their mathematical skill development during their
participation in the program and gain an increased confidence and enjoyment of
mathematics.

| request permission to incorporate the data from the 2008 Performance Indicators in Primary
Schools (PIPS) and information from the students’ personal files relating to educational
development into this research study. This will assist in creating a profile of each student and
in the analysis of the program using a Case Study approach.
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The information will be used to complete the requirements for the research study mentioned
above. Any information or details given for this study will be kept confidential and will only be
used for the purposes of this project. No student or the school concerned will be identified in
any written assignment or presentation of the results of this project and all data obtained
during the course of this research study will be kept securely locked at the school premises for
a period of five years, after which time it will be destroyed.

Participation in this project is voluntary and students are able to withdraw from further
participation at any time without giving a reason and with no negative consequence.
I look forward to discussing any aspect of this program with you.

If you have any questions or require any further information about the research project, please
contact:

Gillian Hurle Dr. Jenny Jay Dr. Fiona Budgen
Student Support Teacher Supervisor Supervisor

Edith Cowan University Edith Cowan University
GHurle@jsracs.edu.au j.jay@ecu.edu.au f.budgen@ecu.edu.au

If you have any concerns or complaints about the research project and wish to talk to an
independent person, you may contact:

Research Ethics Officer

Edith Cowan University

270 Joondalup Drive

JOONDALUP WA 6027

Phone: (08) 6304 2170

Email: research.ethics@ecu.edu.au

Gillian Hurle
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AUSTRALIA

Faculty of Education and Arts

School of Education

UNIVERSITY

EDITH COWAN

Numeracy Support for Year Two Students

17 May 2010

Your child ... has been are invited to participate in this the above
named project, which is being conducted as part of a Masters of Research (Education) by
Gillian Hurle.

The purpose of the project is to plan, implement and evaluate a numeracy program for a group
of twelve Year Two students requiring extra support. Students have been selected from a
combination of diagnostic assessment and teacher observation.

If your child participates in this project they will be asked to:

e Complete an individual diagnostic assessment before and after completion of the
program. This is to provide the researcher with a depth of understanding of areas of
difficulty not obtainable from a pencil and paper test.

e Participate in a program providing intensive numeracy development for three or four,
30-40 minute lessons each week over a period of 20 weeks. These small group sessions
will be held in the student support room, adjacent to the Year Two classroom. Lessons
are based on the use of hands-on activities and games combined with the
encouragement to talk aloud as they develop their mathematical skills.

This study will have a completion date of no later than October 2010. It is anticipated students
will increase the rate of their mathematical skill development during their participation in the
program and gain an increased confidence and enjoyment of mathematics.

| request permission to incorporate the data from the 2008 PIPS and information from the
students’ personal files relating to educational development into this research study. This will
assist in creating a profile of each student and in the analysis of the program using a Case
Study approach.

The information will be used to complete the requirements for the research study mentioned
above. Any information or details given for this study will be kept confidential and will only be
used for the purposes of this project. No student or the school concerned will be identified in
any written assignment or presentation of the results of this project and all data obtained
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during the course of this research study will be kept securely locked at the school premises for
a period of five years, after which time it will be destroyed.

Participation in this project is voluntary. If you choose to allow your child to participate, you
are free to withdraw him/her from further participation at any time without giving a reason
and with no negative consequence and at that time you are able to request for any
information relating to your child to be withdrawn from the study. | look forward to discussing
any aspect of this program with you.

If you have any questions or require any further information about the research project, please
contact:

Gillian Hurle Dr. Jenny Jay Dr. Fiona Budgen
Student Support Teacher Supervisor Supervisor

John Septimus Roe ACS Edith Cowan University Edith Cowan University
GHurle@jsracs.edu.au j.jay@ecu.edu.au f.budgen@ecu.edu.au

If you have any concerns or complaints about the research project and wish to talk to an
independent person, you may contact:

Research Ethics Officer

Edith Cowan University

270 Joondalup Drive

JOONDALUP WA 6027

Phone: (08) 6304 2170

EMAIL: research.ethics@ecu.edu.au
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AUSTRALIA

Faculty of Education and Arts

School of Education

UNIVERSITY

EDITH COWAN

CONSENT DOCUMENT

Numeracy Support for Year Two Students
| have been provided with a copy of the Information Letter, explaining the project.

| have been given the opportunity to ask questions and any questions have been answered to
my satisfaction.

| understand that participation in the research project will involve:
e Completion of a pre and post intervention diagnostic assessment.
e Participation in a program providing intensive numeracy development in specific areas
of identified need.
e Inclusion of data obtained from 2008 PIPS and personal information from student files
regarding educational development.
| understand that the information provided will be kept confidential, will only be used for the
purposes of this research study and my child will not be identified in any way in the results of
this study. | understand that | am free to withdraw my child at any time during the course of

the intervention, from further participation at any time, without explanation or penalty.

| freely agree to allow my child to participate in the above named research study.
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Appendix B Ethical Issues

A prior relationship existed between the participants in the study and the
researcher and this is recognised as providing greater knowledge of the
students than that which is being used during the research. This includes family
background, specialist reports, and other external factors that are not measured

for the purpose of the research.

Participation in the research study was voluntary and informed written consent
obtained prior to implementation of the project. Withdrawal from the research
project was an option on request but not actioned. All data obtained during the
research was confidential, with no participants identified or the subject school
identified in any reports resulting from the research. The protocols required for
completing research in a West Australian Anglican School were followed. An
Ethics clearance was granted from Edith Cowan University via the University

Human Research Ethics Committee.
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Appendix C Numeracy Assessments

'EACHER'S NUTES FOR DMT 1

Ldministering the test
mlnﬂmmmmmlmmﬂwdtﬂw.mdm
i chilifren per group. 1N cnabis de v b

v hawe bener comirel over the children who iy b cogry anseers

v ddeal effeciveely with any unexpesied diffioliies wiach might arise;

. mmﬂnﬂmdﬁmmbunﬂqm“
cifficultics with langeage and wocabulary, sttigude 10 the est et These
shoukd be reereded in the THAT F Checklist and followed wp later.

i aide}
IImemm'gkprﬁmﬂmmﬁnﬂ{ameu:hnmdm y
could work as & 1E4m with ane person roding the tost and the cder moeniloEeg
m:nﬂﬁdmanﬂmmmuﬂiszmmu.

Sittings

Teachers sheuid feel fren 1 pamition DMT 1 imo several sinings accuncing o the
t@ﬂhiﬁsﬂnﬂﬂﬂe&ﬂ&en.hﬂldﬂh—ﬂkﬂm Janger tham 45
e

A1 ISl BORIT SATINGS are weaayesied

1 Siming:  Fan A 101 - 126

nd Sating: Part & 137 - 166

5ndl Giming: Fart B; 101 - 1%

4ik Siming: Pant B: 1340 1%

Materials

Facl child will eeced:

» o ooy of DMT U

= a laad peed]

*  coloured pescils - red, green, bioe, black

& 12p«1-¢ﬂdﬂunrm-:l’u.-’mmrw1m.ﬂ.m1

The teacher will need:

= acopy of the basic s for OMT &

« & chulkboard or cvizhead projecors [of disoesng e praction exampies and
chwwing the symbols pepded Bar wems mared & in the soript.

Conducting the test: Practice examples

After diswibuting DMT 1 Pam A, sy

“Todey we are going 1o do somae work on thess shests, P pous nams
apbce. {Pauss Mow print your age in years in tha space prosvicded, (Pac
i year lewel and copy the date from the cralikcand,

Practice Example 1

“Micrey ok &1 the ginl holding the pencil. She wants me 1o draw a ring an
aach ool 50 17 dravy & Fing ansund this one ... and this one’. [Demanst
ticaa gk e il ol e g b

OV DICE U WOUT PENCES, Litgsy & fg ancurd sach can shape. It you m
istake, LT A CrosE on this ing aed deen anotiee fing in tha right place
|Bemonsirde using & ring dresan ancund tha hell|

Practice Exampls 2

"L ORI TINGAT 0N TN DOy RSl B8 DOATE. H8 WAL w10 Wil Mo
hoats thane ane in tha box at the endl of the boats, Whet numbsr did you
|Demgnsrate by witing 4 in Ma ba|

‘It you maka a mistaka, put 8 oross an e number @nd wWite The cormect
number boside it'.

Practice Example 3

*Put your fingor om the girl. She is making a pattom. Sha put 2 oncles in
B Mlorey wou) ey circles i #he Bast bax 1o finish her pattam’.

‘CAlrar in dha oeennd rarcks with yrar pencil® oo meien s mictadon par
CAOEE o e cirghs which i weong' [Demonsatel

TURM TQ THE MEXT PAGE
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DT 1: PART A

‘Dral Instructions

Rl the wonds in bold o ensune clariny

- 107

106

A7

Lock et tha reve of srmprty booma, Pt peuf g on tha 1o
iDamonstrate W

\iriza the figure 10 in that box, Now Sinish writing the sumbers
from 10 %3 20. Put a numbar in each o

Look a1 the groups of shings and rumbens. Cowt hew many things
thawre are in each group. Draw o line from asch group be the
mumbar tolling how mamy things thers are.

Look &1 the things in each pictune. Count it mamy things there
art i ewch pictiens and put tht numbses in the box.

TURN TID THE MEXT PAGE

108
108
"o
11

iz

3

T4

1%

116

17

Lk &1 e ermaly windiwe, You are gaing ta write o number in
FIGURES |os & NUBMERAL] in sach window when | say it Pt you
Firugad an the armaw.

In that wisdow, write in figures the nember FIFTEEN.

In tha mext windew, writa in figures the sumber TWELVE,

In tha mext window weite in figures the number NINETEEN.

In tha laxt window. wiite in fgures the number THIRTEEM.
Laak at tha numbars and the applos. Calows in red THAT NUMBER of
Applis.

Leak at tha numbar and the bird under i, Drérw THAT NUMBER of
barels in tha spaes.

Lok af the book of numbers and the blsek page. Writs om the blank
page, the number that comes JUST AFTER this numbar.

Lok 2t the obher book niribeds. Wits an the blank page the number
that comas JUST BEFDRE this nsmber.

Lok ot the balGons with nembans in ordar. Soma of tee numbsers ar
mimsing. Wiits the numbars which ore left out, IN ORDER .

Lo @t e cAMagEs with numbers in order, Slating a1 20, Agan, some
nismiars are missing. Puf the mexct 3 nusnbsers in ardar on the
rTinmes

155 Lowk st iy 10 cent coin and the lolly | Bought for B oanls. Haw missl
hanga did | iva? Put your in the space.

154 Look st Jasor's 5 ceen coin and the peer cosSing 25 cenls, How mieh
mars monsy dees Jason need to buy the peer? Put your answer in
the spaca,

155 In the net space, write the NUMBER SENTEMCE |or equation] to
show hew you did it

TURHN TD THE NEXT PAGE

186 Lok 81 the chamas in groups of 3. Count the groeps of 3 and all
the chesevias. Finlsh the number sentence: * ... groups of 3 equals ..

I tha pect space draw 2 groups of § balls. Be sure to ring the
group.
158 Finksh the number senbence: ‘2 greups of § balls squsls: ...."

168 Lok af te groups of sters. Finleh the numbar sesrtence |or
squation) about thess #ads.

161 I the next space, draw & pieture to show 2 x 3= 8,

(Irems. 1% and 160 introdksce: the X sign. This may be pastpaned for
wany chidren untl Year 2, il '+ and ' are inoduoed n Year Ly

& 157

TUAM T THE HEXT PAGE

Logk =8 the 12 kilies ard the 2 craldren’s 1abies, Shara tha loflles

fairty betwean the tan chidran.
(Pegides 17 pesl-nlf dols o 12 undoGounlars Iof ech. chid.|

= 15

182 Finish the numbar santence lor ecuation]; 12 shared between 2
peogple makes ... sach,
1683 Loak 8t the 8 iclypops. Ring groups of 2 laliypops.

164 Firssh the numbes sentence ior squatons): 8, hew many 2 makes
groups?

165 Look at the peanuts. Rimg groups of 4 peanuts.

166 Finish the number sentanca: 11, how many ds, mkes ... and
. left over.

(ems §6% and 16§ intnodhece fenmainders. This togic, aod dhe sign '=" may
be postponed until ¥ear 2 or most chiidren

141

119

12m

121

122

125
126

127
]

17
-145

146
147

161
182

Lok af thia P dllsr and one dollar cois. Hew much monsy i
thie? Put yeaif angvwer in the bex

Lasirk: 81 thes wave deollsr coins. Counvt o miseh masay 1 lans. Put
Visir B I e bax.

Lok & thaa five el coing. Count ow many sonts thens ar
whengathiar. Put paur ahiwar in the box

Lok at Fraddo the Frog and the rocks weith numbers in onder, With
kel juFip, Fredde lssgs aver » black rock. Put the nusmbers in
arder on the rocks that Fredde lends on.

Lisic at tha counsing patten of tha keier baess. Wikte the et thres
rumibsers n thds pattern an the keiter boxes,

Look at the counting patham an tha shapes, Wiite the nest thres
numbers in this patiern on the shapss.

Look at the baloons with rumbars on tham, Calowr the balloon with
[T T T2 S ——

Cirche the balleon with the SMALLEST mumbar om it

Look a1 the flags with numbars an tham. Wite thess nusmbsens in
order, starting with the SMALLEST and emding with the BIGGEST
Linak at the doors with numbars an thesi. Weits asch nuenhar in '
FIGURES (2= o numerall om ALL the deors.

Loak at the flags with numbsers on shem, Wirite esch numbsr in
FGURES (2= o numeral) on ALL the Mags.

Wht numbar is 2 mears than B? Pust yeur answer in the spacs,

LDk 3t 1hin § hinoi beads. & mons beeds hove besn put ombo The
string. Finish the NUMBER SENTENCE {or squation) shout ALL the
beads.

Linie ot the appda, pancil and prices in conts. How moeh would i ssst
to buy on opplo and a poar?

Ini the mexct space, verite the NUMBER SENTENCE (or squation} to
shenw how youn did i,

Fimish thie number senfencs [or squationk 8+ 2+ 5= |Provide
GO Se i resdkad and None Wi vse i i tha cfeckiisd |

‘Wisat nismibser bs 2 less tham 5¥ Put your snswer in the space.

Look a1 tha beads being faien off the siring. Finlsh the NUMBER
SENTENCE {or equation) abourt the beads left on the string.

Bral Instruction

{Repeat the words In bold w0 enemee clariy}

Materiads:

= el or s 5 cm long, for llem 117

= Colpured pencils Cred, green, blue, Back) for lems 124137

Alwr digtributing DT 1 Part B, drect the children wo wiiee helr name, age, vear

and b al the pap of the sloet, and then prooeed with these ol instnactions:

@007 Lookat the ine of people wolting tor @ Dus. Dvaw & star aver the
THIRD parson from the bus stop.

102 Colour the LAST parscn from tha bust stog,
10 Drow a ring arcand the person in the MIDDLE.

TD4 Lok ad tha brck wal and the reas. Dras & line frem the wall to the
MINTH tree.

T0&  Lookat the cotind tres. ‘What |s s namber order froen the wall?
Write your answer in WiORDS undor the DOTTED tree.

106  Lookat ihe blsck tree. What ks Bz numbser order from the wall? Write

your answer In FIGUAES ender the BLAGK moe.

TRT Look at the cong wee use b shopping. Colour the soin which buys
the MOST,

IRE  Ring the oain which buys the LEAST.
TUAN T THE HEXT PAGE

Look at the monay in boxas and tha lnose coing. How much oy is
thore in the 1op boax £2, 50 | join that 10 thia bow waorth as much, tha 52
coin.

T Look s the monmy box weth 20, 20¢ ared 108 in 2. Count kow
rnuch money thers i inthe box and drew a line to the money
warth as much.

11D Finih the rexl b quadtions. Cownt the money i boxes and them
&111  paateh with & coin,

TIZ  Look attha purse with moenay i il How misch maney is this? Put
your answor in the space.

113 Loak at the sirrw. Dras a line AS LONG AS the stram.
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114
1156
116

118

e

LF.r]

124
126
128
127
128

179

Lo at thea baaras, Colowr the LUNGEST leat.
Divawd @ Fing arcund the shoreet keaf,

ool at e toathbrush and the liee of paper dips. Hew many papar
elips are nessded to miks 8 lins AS LONG AS the teothbnesh? Put
pour arser e the spass

(Prowicke @ rod or @ sirew for this ilem). Loak 8t e ey, pandil, oat,
taather, screvediives 5nd 70 Use the rod jor straw] 2o find which
things are A% LONG AS the rod/straw, Ring ALL of these things.

Loak =8 the shos and tre peg. Abeaut how many pegs would make &

line AS LOMG AS this shoe? Write tha nunibar of pegs in 1 Spae.

Lok at my picture and plciurs fremna af masches, How many metches
did | usa for the picture frame? Write the number of matchas in the
SpAIT.

Look a1 the o mats. Gollowr the mat which covers MORE fass.

Loak at the shapes cut into parts Put o oross on ALL shapes with
twio EQUAL parts,

Lok at thesa shapes cut insa parts, Calour one-hall of afl the shapes
with two EQUAL parts,

Look 2 thess shapas. Put a oress om the shape that doss NOT
baleng.

Fimd the AECTANGLE _ put a RED spot om it
Find the DIAMOND ..., pat & BLACK spot on it
Find tha HEXAGON _ put a BLLE spot an it
Find tha DVAL .... put a GREEN spet an i,

Look at The pichaas of the roo o kile. Rimg the picture where the
kite i an the RIGHT of the tres,

Lok 24 the pictures of the wabls Brd D Aimg the picture of the box
I the CENTRE of the tabds.

Look o the piciures of The coftes tabin and Dell. Ring the picturs of
the ball at the CORMNER of the table.

Loak at the pictures of tha rea trunk and footbell. Ring the pletars
wehers tha feotball is on the LEFT of the tres.

Lok &1 tha piciurms af a car going oved 8 cliff. Ring the pichure of the
car geing BACKWARDS over the clifl,

7T

141

142

143

47

Lok at tha ines. Ring the picture of the CURMVED line.

Laak at tha fothall and the book, Ring the pictune FLAT
showing a

Lexcék ot ther biocks. Ring the THIN blosk.

Laark 8t tha pan balance with things in oach pan. Ring the thing whic)
has MOAE mass.

Loak at tha pan balanca with twi blocks baincing a ball. Whieh has
LESS mass - o biook ar & ball? Rimg the ane that kes LESS mass.

Lok at the appin in the cloud and the ather things - 8 pancil, a ful
achnal bag, & balizan, & sanckarchisd B & iicnt ball, Filing ALL te
things that have s GREATER miss than the sppke.

Lok mt the clock face. Fill im all the numbers on this ceckiace so
tht it can tell me the time.

Lk i1 the o clocks, Fessd the First chock amd verits the time
wundur i1,

Arad the second clock snd write the tims undes it

Lok g1 the T clocks with no hands, Pt hands on the Rest clock 12
shew 3 o'elock,

Wiite mumbers on the secomnd clock to shiow T o'chash.
(Bxpect corrert answers e all of 140-143 Tor mastensy b

Lokt thz clays of tha waak. They are NOT in ordar. Ring tha
sohool days.

Finizh Brese santanses, Todey B .00,
¥osterday was ...

Tomorrow will be ...

TURM T THE NEXT PAGE

TG

Look at the 3 picturas of the cén and the botile, Tha lis ona showes i
Tl i @ ity BT, Thia nast pictura BNowE wirlar Baing poired
trom e full can bvio the botthe. In the ket ploturs, fng the ane
wihich hobds MORE water.

Look at the 3 pctures of tha botsie and & boed. The first cne shows the
full bottls and amgpty bowd. Tha naxt pictuma showd wirlar Bsing poured
Trorm the Bull bote intd the boead, In the Last picturs, ring the one
whith halds LESS water,
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150 Lok # the Fre carton of melk in ihe coud snd the other consainens: s
tray, bawl, glisa and jug. Ring the containers which held LESS than
the carton of millc

161 Look at she rambar of icy-pales astan by Sour chidren an @ birday
parly. Rimg the neme of the child whao ste the LEAST ley-pales.

162 Write the name of the ehild who ate TWO more loy-poles
than TOM.

TLIRM T THE MEXT PAGE

153 Put your finger on thia amee and look et the patbern of blocks. Use year
Black pencil to draw the next THREE shapes of this pattern on tha
aring.

158 Put yor fingar of the star and ook i the beads threadad on the sting.
U o bilsck pawcll ioe diavw tlee iunl THREE shapes of the
pattarn on the sthing.

(isis that the children do noe say the esswers o the nest Eur
quesices aloud. )

166 |am o numbar less than 20, bart | am mare than 1001 end in 2. What
mumber sm L. Put pous s in the box,

168 Look at the hand and tha counters. Thens are three more counters
hidden underneath the hand, Hew many counters sre thers
FtogetherT Put your o tha detbed line.

18T Peul hed 7 rabbis. Mo s0i0 3 of Thaamn. Haw fasy did he have leitd
Pl your sfiser an the dotted Bne.

158 Thik cusalion is sboul & maeke-belisve snimal called @ gk, & duls has 2
hetaeds, How many heads would you seo if there wars 4 dubs? Put
your answar an the dotted Ene,
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DOMT 1 = Part A
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-1

one sevan wio six four
five nine three eight zero
twekve fifteen
- sevaniesn twenty sighteen
sixtgen fourteer n nebeen
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'HE-J

1974

HE

2 lessthan 9 is

1624
o

1544

Iﬁﬁﬁ_
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T dv v v @

15,

168

2 groups of Sequals _ _ _ __ _

1000006

TE

show 2x3=6

140



.

g 12 shared between 2 mokes _ ___ _
19997777 T
g 8 ,how many twos, makes — — — —— groups.
'IDE-J

88880980599

11 ,how many fours, makes . _

s and ___ _ _ left over.
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OMT 1 -Part B

Name: Age: _

Year: Dhte: o

131 4
=143

1044
-1&
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e
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cents

1L

104

LIFRN

1134
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right
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'IEJ !}[

!:r.!i _
Which has less mass ?
¥ ©
89 I: schoal bag balloon
Il @

harky * | @
./F‘E“‘-"i! E soccer ball

of
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12z
13

4

18

"y ﬁ

Wednesday Sunday

Thursday Monday Saturday

Tuesday Friday

Yesterday was ___ __ ——

Tomorrow will e
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AALA

, NGy

184

1534
The number is
1534
[ ]
o B
&
Py -
______ counters
157 £
______ rabbits
184
dub Q;l
3= —d
Hﬁh _.d.“.l_—-‘"f
ddubshave ______ heads
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APPENDIX D SENA Assessment

... Coont Ma In Tos _ _ SENAT

chedule for Early Number
Assessment 1

Interview guidelines

Ganeral

* Have an asseasment sheet for each student heing interdewed,

» Place the assessment sheal to the side of the wark space and, if presible,
patt of the student's view, (A small screen s useful for this purpase.)

+ Moke incorrect responses and any uieful comments an the assessment
ahssl

» Where tseful, 2k students fioe they sobved the tasks.

& 'The interviewer should decide if it is necessary to give additional tasks of
ta abandan some of the set tasks.

b

Numerdl identflcation [Toks 1 - 18]
s Show the mumeral ards in the order indicated

Ferward number word sequence [Tasks |7 - 9]
Tasks 19121

+ Siop if the student encountess difficulties.

Tashes T2 - 28

s Far thise *number after” tsks, the [nbendewer needs to decide (F the
stisdent finds the "number after” by counting from ooe or can @ve the
answer imenediately,

s IFnecessary, five additiorl tasks (2 the number after 4, after 7, i

Backword number word sequence (Tosks 30 - 37|
Taaks 30 & 31

» [hon't give Task 31 if the stodent has difficulty wilhi Task 0.
Tasks 32 — 39

s For these *number before® tasks, the interviewer needs io decide if the
student finds the "mamber belore® by counting from one of an give the
answer imenedinkely
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« v« Count Mo in Too BENA |

Subifising (Tasks 40 - 44]
Task 40

s Place the set of “display” dot pattern cands on the table fsce up in front of
the studend. (Use the dot pattern cards an page 140.)

» BAriefly “fash® the *randem pattern” card for *4" for appromimately ane
secomd.

« The student paints to the correspending card from the “display” set
Tasks 41 = 46

» Each of the domine patterns appears on a separate card.

* Display each cand for approaimately one second.

Counting (Tasks 47 - 49
Task 47

® Place the group of five bue counters in & random group (e fot in fine oe
In the dice pattern of fivel.

» Dont count the counters when pacing them on the wirk space.

» When this fask is completed, put the five counters to one side (te be used
again in Task 4],

Task 48
+ Place a collection of red counters {more than cight) on the work spece.

Tack 49

+ T the student was siscceesfis] with Tasks 47 and 48, place the sight red
counters and the five counters in separate groups and ask: How ruamy eré
there altagether?

o [ the shisdent was insuceessiul with Tasks 47 and 88, place 13 counters of
thie same calour in cng mwarrdmk:ﬁmmwwwmmn’mn?

Addifion |Tasks 50 - 52)
* Pay clase affention Lo fow the studnt sobues these tasks,

s The interviewer is seeking to detesmine the student's counding stage and
will nesd to ask what the student did o achieve L answer.

« Bpecifically, the interviewer 18 seeking to see if the stucent:
« can't count wisible [tems (stage 0 — emergent)
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= @0t sohve hidden tasks fstage 1 - perceplual)
« sohes hidden task by coumbing froam one {stage 2 - figurative)
= ppunts-on {stage A - counting-on-and-backl}

# ses 2 more advanced strategy, e.g- I'I'Iﬁhuﬂ the ten and
mlding 3 (stage 4 = facile]

Subtraction (Tasks 53 — 55)
* ‘Tusk 53 Is verbal — no counters,
Tazks 54 - 55

o Present the counters as a group. Do oot count them pal in fromt af the
student.

* These tasks ase designed to elicit at least figurative counting strategies,

Multiplication and division [Tosk 5£]
Present more than 12 eoumters, randomly placed, to the student. The first

instruction |s designed to indicate i the student is able to form: egqual grous.

Mode how the student farms the groups. Does b or shie drag the counters
ane at a time ar many at a time to form a group? The follow-up guestion is
intended Lo show the counting strategy which the student wes to find the
total, A stusdent wsing a less sophisticated strategy will coundt by ones,
ignering the structire af the groups. & more sdvanced stralegy would be to
use skip counting or repeated sddition.
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«ws Gount Mo In Too : SENA 1

Schedule for Early Number Assessment (SENA 1)

Shudent's nome:
Class: [ bate of inifiol essessment
D.0.B: | Date of second assessment

Humeral identific alion

m[s] w[e] @ [w] [2]
m[e] w [2] @ [s] @ [o]
% (L] [ll 1] m Nz [‘_5_;
(13 El [14] [EI [15) 114 m
7 [r0a] pay

Forvard number wond sequences

[

Stard couniing from .. T fell pour oo fo sfog.

1) Bl PRPE— a2 {2 AT ?ErJ [2]]|'M, ............ _.1'IEI

Wher! &5 Hae mexd mimber after, .

2 [ s | mm | | 24 13 | 25 1
261 |27 | [27) | 4 | 128 N

—

o[

Backword number word sequences
Connerrt backwardy from . P teli pow wher: o sfop,

What mumiber comes before, 7

[32] Iﬂ [33] E 134 (35)
po [ar] pn [13] em [70] oo

B0
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.. Count Ma Is Tea BENAT

schedule for Early Number Assessment (SENA 1)
Subitizing

(43 Jam;;rmgmmmmawmm'ﬁymdfmmmmrmmm
an the table that bus the some sumber of dods as the ome § shoo pow

Fews smciregy iy e Hhare?

[41) IZI 142} |I| 143 _f_E_I 144) IZI
usy [ava] (s [aes]
Counting

[47] | Put out 5 blue counters. Howe many blae counters are fharet

by

[48) | Pt out & pile of red counters, Gt e # red counters,

[4%] Put put & red counters and 5 hlue counters in two groups.
How miany covmfers cltogethery

Addition

(50) 4+ 3 Heve are fopr counters. ihﬁzﬂ]r display, then screen.)
Here are Nree srave counfers, |Bricty display, then screen.)
Hewy manyr conmters are thers aftogether?

{151 I Rz seven aoples mmd  ped arvodfer fio anples,
Feun rvary apples do §lave alfogeffer?
|52} 9+ Hore are nine counters. (Eriefly deplay, then screen.)

Here are four counters. (Brefly display, and then screen)
Haw ruamy counters are therp alfegotier?

Subtracfion
) e 1 bamarad and §2ar 2. Foo gy bome du 8 s lef? J

[54) 12 remove 3 [ have 12 coemtery. (Briefly display, then screen.)
P foling away 3 oounters. (Remove 3.) How saag are Jefl?

(55 11 remove... =7 [y IT counfers. ([Briefly display, then screen)
I feking aueny seene cowtters o thene e e, (Remove 4 couinters.] Fow
sy i § fake moagy?

Mudtiplication and division

156] Present a pile of eoumtars, mare than 12, to the student. (Randomby spaced, ot

i & line. Do ok count them oat.) (g these counfers, make (frree groas
with firr fn eoch growg, How meay cowders are there alfogetier?
B = '
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APPENDIX E PIPS Assessment Record

B Sturant Mama:
Dt ! Tirre: ;
Maths Assessment
mths
O kengast [O insida o0 m
R 10 spam O il
Hone:
deas about maths
O bggest [0 smebst | O mom 1O mast (O kast [0 taikst O shorost
Hafess:
Counting
O How rosey spples are Fecs (4] O  How many apphkes were o (8]
O How mary fshame thees {7) O How meny fsb wane thers [7)
Mafes:
Sums A (Do ol srowdals concreds sids)
O 31= |0 &= |0 63= |0 2+1= |0 31= |0 z+¢= |0 3ez= [0 ded=
e
Mumbons
04 @1 [os [oz os |07 O& o= |os (Do
O 2 digil rembers npke sog’ bk i soems) =] [=] =] =] o o
O 3 digt numbars jnofo amd 6ok i 3uos) =] [=] o o o
Mutliss.
Shapes
O aia |0 cince |_I:I S3uAm |0 mange |0 hesmgen
[
Watha 1 {00 mal provide concrafe aids)
O 1 more than § O 3 essthan T 8 2 mons than & ||:| 3 s than B O & lkeisithan 15
O fmerethanid |0 0 ksshan25 | O M monethan 32
Picime
Waths 1 {0 maf proadie concrafe ads)
O cimlo 34 coloured i O bwy appbs (10c) O coremr *2 the bikes [=
o 10,20, 30, 40,50 O 24,6810, 12 O habcds O d+11=
O 9= O by oraege (e +10c) |0 15-4= O 15+21=
0 42-17= O Quarar ol 8 O bwioe 3 doubind 0 105+30=
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APPENDIX F
JOURNAL

Week 1
Tuesday

Analysis of the students SENA assessment indicated a weakness in their
reading and saying numbers between 10 and 20 with some students mixing
teens and ty’s. Another common area where limited understanding was
demonstrated was the concept of numbers beyond 109. Using the basic digits
one to nine, students were encouraged to recognise the patterns in numbers,
and how the pattern repeated with the use of only these digits to create new
numbers. A variety of coloured markers were used to highlight the patterns in
numbers on the whiteboard with students were encouraged to talk aloud as they
added numerals which they did with increasing confidence and enthusiasm. A
demonstration of ‘thinking aloud’ was given to assist students with their own
thought process and to encourage ‘thinking aloud’ by the students when
participating in mathematics activities in the support room. Following the whole
class activity students were provided with an opportunity to consolidate their
understanding by individually completing number grids using coloured pencils
counting aloud was not discouraged. Emphasis was placed on the teens to help
students hear and see the difference between teens and ty’s.

Students appeared to be confident completing their own chart with the
exception of Lance who became anxious when faced with ‘counting to 100,
saying “l can’t do it” before making any attempt to start. A task involving a large
amount of numbers particularly an A4 page fill of numbers and words, combined
with the need to write caused Lance to become stressed. He did try once he
had been calmed down and was provided with additional support, working one
line at a time with the remainder of the page covered by another sheet of paper.
Encouragement was given by supporting him providing close reassurance to
help Lance to think aloud as he wrote one number at a time, looking back to see

if he could recognise the pattern both vertically and horizontally.
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Students easily became distracted stopping their own work to listen and watch
whenever a child near them received assistance and even though talking aloud
was encouraged as a positive it does have its downside, particularly for
students who have low level of concentration. Lance frequently reversed
numerals and numbers. Neil and Keith were very quick to grasp the pattern and
apply it completing the number chart easily continuing to 200, with Neil going
beyond. Sara, Anne, Simon, Leanne, Kashia, and Elise, were able to complete
the chart to 109 or 119 but became confused after these numbers. Thomas and
Rachel wrote numbers into the mid hundreds with some one on one assistance

and reminders about what the pattern was.

Thursday

To become more aware of students’ number sense and ability to estimate,
students were encouraged to count by 2’s, 5’s and 10’s. Discussions using
magnetic counters on the white board began with questions ‘What is skip
counting?’ ‘Can you give some examples?’ ‘Why do we skip count? In answer
to the question ‘when and why we would skip count?’ Rachel suggested ‘To find
how many we have like computers that need repairing’ and Neil, ‘To count
money’. Elise applied the concept to counting counters. After demonstrating
counting a set of counters by ones the question was asked ‘If | count by 2's will |
get the same number?’ The majority of the group said “No”, although there was
some hesitation no-one was confident enough to go against the majority and
say “Yes”. The knowledge that students were not one hundred percent sure
that once they had counted a group of counters, it would stay at that number
regardless of the way it is counted indicated their level of mathematical
understanding in the pre-program assessment was accurate and they were
within the phase of development indicated earlier. The idea of starting counting
at the opposite end did not deceive the students as they were quite aware that

counting would result in the same number as previously.

The challenge of estimating how many counters there would be when another
group of 20 counters were added to the first set resulted in a range of answers,
from 24 to 200. Viewing the group of 20 in comparison to the size of a new

group now directed students to what could be a realistic number. In pairs with a
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random number of counters students took turns to countin 1's, 2's, 5’s and
10’s, making sure to clearly set counters out to ease counting. The use of a
counting finger and talking aloud was encouraged as was the importance of
accuracy not speed. Students were noticeably disorganised, not structured, did
not naturally line up counters, or move them to count. Lance was clumsy and
found it hard to keep one finger for counting. Students appeared to have
developed a desire to ‘finish first’ early during their time at school which can be
detrimental to their learning. Students enjoyed this activity and the lesson was a
good time length, with active learning occurring continuously throughout. It was
noted while counting in 2’s or 5’s and there were not enough counters to
complete a whole set of 2 or 5, students found it extremely difficult to stop and
add one when in a rhythm counting and this resulted in the need to ‘start again’

and revert to counting by 1’s instead.

Friday

Results of the DMT assessment indicated a need for further teaching of ordinal
numbers. The language of place and position was introduced with students
providing information on where they have used this type of measurement.
Classification of time — birthdays; position - in a race; counting — how many
have been used (tissue boxes and behaviour warnings were given as
examples. Coloured counters on the white board provided concrete objects with
questions posed such as; ‘What colour counter is in 5™ place?’; ‘What colour
counter is before the 3™ counter and what one comes after the 6™ counter?’

Students were set a task to draw a ‘race’ of 10 objects, people, or cars etc and
to colour positions as defined on the white board. Coloured magnetic counters
were used to assist students who may have had difficulty reading therefore
reducing the effect language difficulties had on their understanding of
mathematical concepts. Thomas asked for clarification of the concept of before
and after, while he was completing the drawing activity after which he let out a
sigh of relief ‘AHH, I get it!’, indicating he understood. The high standard of
presentation of the students work was impressive. During the lesson all were
busy with no one off task. Following the ease at which students answered

guestions during the demonstration and whole group participation | was
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surprised by the number of incorrect answers in their independent work.
Another revelation was my assumption students would follow the examples that
had been demonstrated on the board. However all students do not use the
starting line position as had been demonstrated. Although the instructions
included the need to fit all the objects in one line and all should be of a similar
size, Simon drew his cars as in two rows. When questioned why he did his cars
in two lines, he replied, “You see cars lined up to race like this in rows”, it was
his interpretation and made complete sense to him. Had | marked his work
following the lesson without speaking to Simon | question whether | would have
just marked his work incorrect for not following instructions, rather than
appreciating his ability to draw from his sense of logic and allow him the
opportunity to explain his reasoning. Overall the quality of the presentation was
above the standard usually presented in class by the students and although
their work may not have been correct, their active participation and pride in their

work was impressive.

2nd | 3rd | 5th Before | After | Last | % Comment
9th 6th

Neil N N[ N N N 100 | Excellent

Rachel | x X | X X X N 17 | Missed the first, positioned 5" in
8" place.

Keith N NERE N X N 83 | Completed, high quality
presentation

Sara \ X | x X X N 33 | Started at opposite end. Did
not seek clarification while
completing the activity.

Lance X X X X X X 0 Excellent presentation.
Attempted to follow multi step
instructions.

Tama N R X X N 67 | Started at wrong end marked
according to her processing.

Elise X X X X X X 0 Difficult to follow her thought
processing.

Leanne |+ X | X N X X 33 | Incomplete but good quality of
presentation. First position was
forgotten.

Anne N R X N N 83 | Did not draw 1. Good results.

Simon X X X X X X 0 Did not follow instructions drew
lines of cars, little use of colour
to indicate position, however
completed more work than
usual.

Thomas | +/ R N N X 83 | Neat work excellent illustration
but incomplete.

159




Week 2

Tuesday

Students had previously been introduced to a variety of maths games and play
based activities, and following a reminder of how to play each game, provided
by the students themselves, working in pairs they rotated through the activities
in a twenty minute cycle. While playing students were encouraged to ‘think
aloud’ as they applied the mathematical terms of add, plus and altogether, and
to use concrete materials or number lines to assist in their calculations or to
check answers. Sara was patrticularly verbal and enjoyed ensuring others were
‘talking aloud’. Keith was not at all interested in speaking but he enjoyed
participating in the range of play based activities.

For the final ten minutes of the lesson a quieter period followed the previously
‘busy’ and excited environment. The concept of number bonds was
demonstrated to students on the white board using different colours for each
number from which students provided the missing number by recognising the
pattern. Two of the 12 students, Rachel and Elise were able to confidently

provide the correct answers.

Thursday

Students used counters, teddy bears and drawings to represent number bonds
to 10. They challenged each other to provide the missing number and wrote
their own individual number sentences to match the action with the concrete

objects.

The classroom was busy and it was difficult to oversee students who needed
additional assistance while ensuring the dominating behaviour of some students
in a partnership did not result in conflict and all students participated and
remained on focussed on the task and not ‘playing’ with the equipment. Sara
appeared very confident, and was keen to talk with volume demonstrating her
understanding of ‘what to do’. Simon finished first with a high standard of
presentation which was surprising due to his usual lack of concentration and

low level of work completion. Rachel had difficulty and was confused, her lack
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of ability to verbalise her understanding or misunderstanding made assisting her
difficult. This was surprising as during the whole class activity prior to breaking
into small groups she was able to provide correct answer confidently. Students
automatically wanted to ‘play’ with the bears or counters matching colours or
sizes, things an adult may find irrelevant and not important. This behaviour was
evident in all the students, not only those who displayed a low level of
concentration. Students were particular and seldom selected manipulatives
randomly, but made selections based one colour or size. Students were able to
locate and give answers to missing numbers when working with concrete
objects and together as a whole group, including writing the matching number
sentences on the white board. However with the exception of Simon all
experienced difficulty writing number sentences to match the bonds created

from manipulatives when working with one partner.

1/9 | 2/8 |3/7 |4/6 5/5 Comment
Neil ABSENT
Rachel N X X X X Needed a lot of assistance during the written activity.
Addition Could see the pattern and give correct answers
Subtraction | x X X X X when working with whole class.
Keith N N X X X Slow, off task, played with equipment. Did not show
Addition understanding of the patterns
Subtraction | x X X X X
Sara N X X X X Understood the principle but did not complete only
Addition number bonds for 10. Very quick and confident
Subtraction | x X X X X sharing during whole class activity.
Lance X X X X X No understanding, even when assisted one on one
Addition with concrete objects provided random guesses.
Subtraction | x X X X X
Tama N X X X X Completed first one but did not stick to number
Addition bonds for 10. Contributed during whole class
Subtraction | x X X X X discussions.
Elise ABSENT
Addition
Subtraction
Leanne N N X X X Excellent contribution during whole class activity.
Addition
Subtraction | x X X X X
Anne X X X X X Confused with subtraction. Contributed after
Addition prompting during whole class lesson.
Subtraction | x X X X X
Simon \ \ \ N \ Excellent understanding, however needed prompting
Addition to contribute during whole class discussions.
Subtraction | +/ N N N N
Thomas X X X X X Went off track, did not write number bonds.
Addition Contributed willing when asked during classroom
Subtraction | x X X X X discussions but not with confidence.
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Kaisha N X X N N Neat and appeared to understand. Errors were in the
Addition subtraction with repeating same number sentence.

Subtraction | +/ N X

Friday
The aim of the lesson was to consolidate and develop further the patterns found
in decomposition and number bonds as most students had not been able to

transfer the number bonds to written number sentences.

Students they were given number and symbols written in a range of colours on
flashcards. One child was responsible for demonstrating the ‘sum’ on the board
using magnetic coloured counters. He or she ‘read’ out the number sentence
and student holding the appropriate card came to the front of the room to form
the number sentence. The students holding the cards changed positions and
the first student manipulated the counters to match. All students were given the
opportunity to actively participate, checking and correcting one another as
necessary. Each number bond was completed using coloured markers on the
whiteboard. Students completed the lesson by writing number bonds on paper
using coloured pencils. Kashia was particularly animated and excited during the
whole class activity and achieved a good result in her written work. She often
found it difficult working in small groups, however she enjoyed the whole class

activity and her role playing.
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1/ 2/ 3/ 4/ 5/ Comment
Neil N N N N N Completed to a high standard of neatness,
Addition
Subtraction | +/ N N N N
Rachel \ \ \ N \ Required reassurance prior to starting. Completed
Addition addition, set work out correctly and correctly wrote
Subtraction | x X X X X one of each pair of the subtraction.
Keith N N X X N Off task, did not complete the activity as required or
Addition follow examples given.
Subtraction | x X X X X
Sara X X X X X Accurate answers during whole class lesson

X X X X X however written work did not support understanding,

little completed.
Lance X X X X X Wrote sums that had =10 however the addends did
Addition not equal 10.
Subtraction | x X X X X
Tama N N N N N Completed addition, used digits in the subtraction,
Addition reversed the two digits correctly but misplaced the
Subtraction | x X X X X 10.
Elise N N N N N Completed the addition sums but not the subtraction.
Addition Not set out as demonstrated.
Subtraction | x X X X X
Leanne N N N N N Completed activity setting out as demonstrated.
Addition Accurately completed addition but mixed the
Subtraction | x X X X X placement of the 10 in all the subtraction, was aware
the other two digits moved positions.

Anne \ \ \ N \ Completed the addition correctly in pairs, did not
Addition demonstrate an understanding of the concept of the
Subtraction | x X X X X subtraction.
Simon N N N N N Completed correctly and quickly.
Addition
Subtraction | +/ N N N N
Thomas X X X X X Off task, difficult to get him to focus Gained limited
Addition understanding and did not follow examples.
Subtraction | x X X X X
Kaisha N N N N N Completed this activity correctly, she was animated
Addition during the hands-on, whole-class activity.
Subtraction
Week 3
Tuesday

Students participated in play based activities and mathematical games as used

previously. The focus was on slowing the ‘playing’ down with each student

orally expressing what was happening, to ‘think aloud’. The concept of counting

on and counting back to find the ‘missing number’ was encouraged.

After moving around the room, closely watching and listening to each small

group as they played, | stood back observed and listened, focusing on who

needed assistance. Although the activities were simple, it was the development
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of the thought processing, strategies and visualising of patterns and
development of fluency and confidence were being developed, skills which

could be transferred to larger numbers and more complex problems.

The lesson was more successful than the previous week, as purposefully
selecting members of each of the groups improved the dynamics and outcomes
significantly. Students were heard speaking aloud with an informal leader
developing in each group who encouraged others. Sara spoke loudly and
clearly understood the concept of counting on and demonstrated this by

ensuring others in her group followed her lead.

Thursday

Students were introduced to the concept of ‘doubles’ and how this knowledge
could help solve unknown addition and subtraction problems using the strategy
of counting on and back, with one more or one less. This concept was being
taught in the Year Two classroom and it was able to be timely included in the
support program. Rather than predetermining that the students could not
understand this concept as too above their ZPD it was decided the knowledge
would be beneficial for the students and the use of patterns could assist

students to able this skill.

Numbers up to and including 10 were the initial focus with a demonstration
using coloured magnetic counters and the number sentence written on the
whiteboard together while ‘thinking aloud’. Students took turns to demonstrate
their understanding writing and moving counters on the whiteboard as they
were challenged with questions from the other students to complete a sum
involving one more or less. In small groups students used counters and
completed doubling and doubling plus and takeaway one together. The use of
fingers was encouraged too as this is a known strategy they were familiar with
and it was able to be used to develop their fluency and automatic recognition,
with the eventual goal for students to not need to count all.

Students enjoyed working with counters and most understood that doubles

result is the similar to counting in 2’s (recognition of patterns and even
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numbers) and were able to add one more. Sara stated, “We are counting by
2's.” A short review of odd and even numbers was given to ensure all students
were able to recognise these term. Although unplanned it was decided to
introduce the 2 times tables it related well to what the students were doing and

children already had 2 groups of equal numbers of counters

The lesson ended with students matching pre cut words to the correct numeral
1 to 20. The students enjoyed this activity and needed a quiet, but hands-on
activity as they were becoming quite ‘tired’ and reading and writing numerals

was an area on which they needed to focus.

Friday

Due to a change of arrangements within the school for an incursion the planned
lesson time was reduced. Students participated in playing mathematical games
other activities were played again in groups of two and three. The lesson began
with a review of the concept of holding larger number in their head and the use
of a ruler for a number line. The correlation between addition and subtraction,
more and less were reviewed. The concept of all games needing to have a

winner is one that is difficult to remove from the children’s mind set.

Week 4

Tuesday

In the classrooms students were being introduced to the measurement of area.
In order to not miss out on what is being covered in the class students
completed a worksheet as requested by classroom teachers involving
measurement using 1cm cubes. While the cubes were out Cuisenaire rods
were introduced and the concept of the different sized rods representing
numbers and adding two rods (numbers) equalled another rod (number).
Manipulating the rods created ‘family of facts’, or ‘number bonds’ in patterns of
colour the students could see. | built the rods very carefully vertically, the
possibility of them falling added to some excitement for the students
(unintentionally). Students contributed by suggesting which rod to place where
involving them in the demonstration developing their estimation skills. Number

sentences were written on the white board by students, ‘dictated’ by other
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students. The class was divided into two groups due to limited number of
Cuisenaire rods and while one group made their number bond pattern to 10 and
wrote the matching number sentence the others matched words to numerals for

numbers 1 to 20.

Thursday

The concept of counting in 2’s 5’s and 10’s with the understanding that odd
numbers are able to be counted in 2’s not only the even numbers and that is it
still counting in 10’s when starting between the decades was introduced. A large
100 grid was used for demonstration, in conjunction with a large number line
(metre ruler). Questioning revealed students believed counting in 2’s had to
begin at 2, and could only be even numbers. Their understanding was similar
for 5’'s and 10’s. A number chart helped the students see and hear that it was
possible to count in 2’s starting at any number including odd numbers. Counting
in 10’s from a number between decades was much easier for the students to
follow visually and they were soon able to do this themselves. A discussion
was held on the purpose of being able to count in this way when it would be

used and by whom.

Keith had difficulty concentrating and not fiddling with rubbers or anything that is
close to him. When provided with direct supervision he was able to concentrate
and completed the written sample quickly. Lance did his best but became upset
when he found something challenging or lots of numerals on a page and
needed to be provided with individual assistance. Anne, Elise, Rachel and Nell

completed their work independently.

Friday

The lesson began by using coloured counters lined up in a row on the white
board and a range of questions asked of the students relating to before and
after. Start and finish lines were added followed by questions relating to ordinal
numbers, in combination with before and after. A set of simple direct
instructions were written on the board for the students to follow. Students
decided their own positioning of the start and finish lines but were directed to

draw coloured stick figures and not to focus on elaborate drawing. The time
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allocated to complete this activity was 20 minutes, which appeared long enough
and encouraged students to focus on the task. Exact colours had been
previously sorted to reduce the need to search for colours in a pencil case,

therefore eliminating a time wasting and distracting task.

Instructions: Red 1%, Blue 3, Yellow 4™, Black 6", After Red, After Green,
Before Black, Before Orange. Students produced a high standard of work, no-
one was off task and the lesson was only 30 minutes long. Their understanding
of ordinal numbers and position showed significant improvement on the
previous lesson covering the same concept. Classroom teachers reported all
students returned to the class excitedly saying they had fun.
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1st

2nd

3rd

4th

5th

6th

Start
Finish

Comment

Neil

\/

Confident, worked quickly to
complete activity.

Rachel

\/

Set her race opposite to that
demonstrated, worked quickly and
confidently.

Keith

Worked quickly neatly presented,
did not label start and finish lines.

Sara

Actively participated in class, start
and finish did not match the
positions of the runners.

Lance

Did not follow any of the instructions
apart from drawing runners in a
race.

Tama

Completed the 1st place and 6th
place first followed by one before
black, but in drawing in red and 4"
omitted 2™. Drew facial expressions
but kept to stick figures.

Elise

Drew race opposite to demonstrated
and 1 person facing the correct
way, had her start been the finish.
The other runners were drawn
facing the finish 6" in black with a
number 1 attached. Limited
following of other instructions was
evident.

Leanne

Followed all instruction, neat tidy
stick figures with the addition of
breathing.

Anne

Completed activity neatly with stick
figures. Only error was misplacing
the orange runner, added breathing
and hair.

Simon

Completed activity independently
and accurately. Race was the
opposite way to that demonstrated.
Drew stick figures with the addition
of faces and hair.

Thomas

‘The artist’ focused more on
drawing cartoon characters with
speech bubbles than completing the
activity. He left room to draw the
second placed runner and only
needed to colour the 5™ runner but
he did not complete the activity.

Kaisha

Drew in the start and finish lines
positioning first and second
accurately. Placement of the
remaining runners was seemingly
without reason and inconsistent.
Work was neat with runners having
faces and hair
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Week 5

Tuesday

A review of Cuisenaire rods was followed by the playing of mathematical games
which included a rotation with the rods. The focus was building and recognising
the patterns found in number bonds, while developing an association between
written number sentences. The use of repeated colour and repeated patterns
with basic addition and subtraction skills was within the scope of the other

activities and building students concrete to abstract.

Students were placed into groups of three or two, with a more confident student
in each. The Cuisenaire Rods provided the most challenge although students
were able to build their number bonds recording as number sentences on paper
while saying aloud what they represented proved to be a challenge. Elise was

once again withdrawn for violin lessons during this lesson.

Thursday (Founders Day Activities)

Friday

The lesson involved writing numbers that are less or more than a given number.
Students used of a number chart to help solve a range of problems such as five
more than or 10 less than. Students were asked to colour in even numbers and

outline numbers counting in 5’s on the number chart provided.

Rachel continued to use her fingers to count on rather than use the number
grid. All students needed to have the directions read to them each time they
moved onto a new section. The use of a number grid appeared to cause
confusion for the students who were beginning to develop confidence using a
number line. Simon worked steadily but was still slower than the other

students.
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10’s 1 after | 2 4 5 10 Even | 5's | Comments
more more more more

Neil 100% | 83% 67% 83% 83% 80% N N confident
Rachel 100% | 83% 100% | 100% | 100% | 100% | X Steady
Keith 100% | 100% | 83% 0 0 60% N X Inconsistent.
Sara 100% | 33% 50% 67% 0 0 N X Very weak.
Lance Absent
Tama 100% [50% [17% [17% [100% |100% |+ [ not confident
Elise Absent
Leanne 100% | 67% 83% 67% 100% | 40% N N Steady work
Anne 100% | 100% | 100% | 83% 83% 100% | N Good result
Simon 100% | 100% | 83% 83% 83% 80% N N steady work
Thomas 100% | 100% 100% 83% 100% 80% N X Confident
Kaisha 100% | 100% | 100% | 17% 83% 100% | X independent
Week 6
Tuesday

Students continued with the activities from the previous week as they had not
rotated around all activities and | wanted them to have a turn with the

Cuisenaire rods and matching the written word with the numeral.

Keith was able to quickly match the digits 1 to 20 with the words only mixing
twelve and twenty. | found this interesting due to his very limited phonological
knowledge, he was not doing it by sounding out but may have been developed
sight word knowledge of numbers. Neil and Tama worked quietly together
creating the Cuisenaire rod pattern but had some difficulty writing up the
number sentences. Elise was quite animated playing the mouse trap game but
had to go to violin lessons and did not get to complete the activity although she

constructed her pattern successfully.
Thursday

Last day of term, students were too busy in their own class to attend

support group lessons.
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Week 7

Tuesday

The book ‘The Doorbell Rang’ (Hutchins, P. 1986), was read to students to
combine the concepts of sharing, repeated addition and skip counting together
with continued addition and subtraction focusing on the ‘missing’ or unknown’
guantity. The knowledge that as the same number is shared among more each
portion becomes less was developed through the use of realistic number
examples. These skills are important prior to the introduction of multiplication as

students move through the quantifying phase of development.

Students suggested baking more and the story was re-read and the larger
number shared. Another suggestion from the students was adding more visitors
or giving the dog some. Students were given some counters and a coloured
sheet of paper, which became a tray of biscuits which were shared as each
visitor arrived. This was an activity they enjoyed, and they remained focused
and on task. Lance required some assistance to manipulate his counters and

prompts to assist him to remember exactly what he was doing.

Thursday

The book ‘The Great Divide’ (Dodds, 2000) was read to students who were
shown how halving large numbers could be easy by applying their knowledge of
halving small numbers. Students created their own edition of the story filling in
the unknown such as what happened to the competitor who came second. The
key focus was the concept half is two groups of equal size. Arrows were used
as indicators of direction an important strategy for students to implement when

solving story problems using story boards.

Beginning the mathematics lesson with a story was a good start with the
students enjoying the story line. The visual halving of the given number of
characters in the pictures in the book demonstrated in diagram form on the
board appeared to consolidate comprehension of the topic for the students.
Many hands went up to give the answer for half of each of the given numbers

during the re-reading of the book with the correct answer provided. Students
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worked enthusiastically to complete their book while developing skills to ‘draw’

to represent without too much detail.

Used Arrows | Used Comments
Numerals

Neil N N Excellent diagrams. Whole story
completed.

Rachel N N Excellent diagrams. Whole story
completed.

Keith N N Difficulty listening and following

some some instructions.

Leanne absent

Sara \/ \/ Excellent diagrams. Whole story
completed.

Tama N N Worked well, able to follow instructions
demonstrated understanding

Elise X \/ Worked well, able to follow instructions
demonstrated understanding

Lance X X Completed pictures, did not show halving
using arrows for direction.

Anne N N Excellent effort, good pictures, and
followed instructions.

Simon X X Very difficult to remain focused and on
task, little completed.

Thomas X X Completed pictures did not use arrows.

Kaisha \/ X Little completed, Used arrows

Friday

The mathematical focus for students in the Year Two classroom was

measurement, in order to consolidate concepts covered in the classroom, the

concept was included in the support program. The lesson began with a

brainstorm of ideas about measurement and when each could be applied in a

real life situation. Students knew terms but were unsure of when to use each

one but could provide a range of places they had seen measuring devices. The

importance of starting at the same point in order to obtain a fair and accurate

measurement was given along with the language of comparative terms and

units of measurement for length, height, weight and volume. Sara, Rachel and

Neil became quite competent at predicting the smallest measurement by

recognising the common term ‘milli” although this was hinted towards but they

were able to recognise the pattern.

Students displayed confidence sharing ideas during group discussions, but

were often unable to demonstrate this when applying the concepts covered in

written or drawn examples.
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Diagrams Terminology | Unit of Comments
Shows difference
H L w \Y

Neil N N N N N N Used fat and skinny rather than
heavy and light

Rachel N N N X N X Confused units of measurement
good diagrams understanding of
size difference

Keith X X X X X X Limited understanding. Copied
others rather than applying own
thoughts.

Sara N X [X [X X X Not confident.

Leanne Absent

Tama N N N N N N Confident excellent diagrams.

Elise N X [ X [|Xx X X Good diagram and
understanding for height but
other units mixed.

Lance X X X X X X Did not understand.

Anne N N X |X N N Excellent but incomplete.

Simon N N N N N N Confident excellent diagrams all
work completed.

Thomas N N X | X X X Excellent diagrams, has difficulty
focusing and including only the
relevant points

Kaisha v v v \ X X Used taller and shorter only

Week 8
Tuesday

‘When the Doorbell Rang’ was re-read to students’ who discussed similar

situations involving sharing objects and the portion attributed to each became

less. Students were set the task of creating a story of their own when a similar

event could have or had occurred. Students wrote a number sentence to match

their illustrations.

Students were able to realise that with each new visitor everyone’s share got

less. The division symbol was used to represent ‘sharing’ and the equal sign

‘the share’ each person received. Pictures and stories were understood by most

of the students, however when asked to draw a tray of something and share

between varying numbers of their family or friends some became confused. At
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first they wanted to fill their tray, so were reminded how it was easy to count

how many when drawn neatly in rows and columns. A total of 20 items was

suggested as the most to draw. Rachel became ‘stressed’ not knowing what to

do, wanting significant reassurance; she was quite competent and provided

answers during the brainstorming prior to the students completing their own

diagram. Students enjoyed making up a story, Neil had dogs coming to eat the

biscuits.

Diagram

Shows sharing
of items

Correct
notation

Comments

Neil

\/

\/

\/

Could not share 20 by 3 but others
correct

Rachel

\/

\/

\/

Demonstrated a high level of
competence in her diagrams.

Keith

\/

\/

Drew 20 items on tray but did not use
columns. Correct notation but answers
incorrect.

Sara

Tried to do columns but too many
biscuits to share

Leanne

Draw characters and tray of biscuits but
difficulty sharing.

Tama

Drew biscuits on a tray and appropriate
characters. Used correct notation but
answers incorrect.

Elise

Did not keep to rows and columns but
neat diagram.

Lance

Produced the correct written notation but
no answers.

Anne

Excellent work, with diagrams and
numerical notation.

Simon

Neat numerical notation did not
complete any of the sharing.

Thomas

< 2] 21 <]

< <21 =21 <]

< 2] 21 <]

Completed the activity with a high level
of presentation and mathematical
concepts.

Kaisha

Excellent diagrams, did not have correct
numeration.

Thursday

Students worked in pairs to think of an addition or subtraction problem where

one of the parts was unknown or ‘missing’. One of each pair wrote the number

sentence and the other solved the problem. Students were encouraged to draw

diagrams to assist them. Terms such as total number, altogether, more, less,

and difference were encouraged to be used.

When students had opportunities to work on blank paper they demonstrated

creativity and their work provides a greater insight into their achievement level
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and understanding than when completing a worksheet copied from a published
book. Listening to the children sharing problems was interesting, the range of
stories intriguing. Lance and Simon got carried away with their pictures and

stories saying “Once upon a time, in a haunted house”.

Friday

Measurement of height and length was the concept of the lesson. Students
made comparisons between two objects measuring and recording each
measurement while using comparative language and drawing a diagram.
Students worked in pairs to measure object choices in and outside the
classroom.

A terrible lesson! (well | thought so the children loved it)

After a short discussion and brainstorm the children measured items using a
tape measure and recorded their measurements in columns for mm, cm and m
proved to be very chaotic particularly for a Friday afternoon. Students were
observed enjoying themselves, maybe it was just me who didn’t enjoy it at all,
as | wondered if they were actually getting anything out of the lesson. | did
observe students using a correct starting point and reading the measurements
correctly. Most items were in cm with items of using m and mm difficult to find.
To conclude the lesson students compared the objects that were longer or

shorter.

Week 9

Tuesday

Number stories were discussed and demonstrated on the white board using
picture diagrams and number sentences, with the focus was on ‘sharing’ and
‘groups of’. Student created their own story however when this was proved too
difficult for most, the activity was stopped and instead | told a number story to
the students who then drew a matching picture diagram and write a number

sentence.

After the lesson had been altered the students were able to complete the task

with more success. The writing of number sentences still proved problematic for
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many, particularly sharing or division. When talked through the problems on a
one to one basis with direct questioning students were able to complete the
problems individually. Classroom teachers had sent in ‘times tables booklets’
but the students did not understand the concept of tables and | prefer to teach
the family of facts method to develop an understanding of the relationship
between multiplication and division and not rote learned. Sara picked up on this
during the demonstration on the white board, saying “this is like when we found
the missing numbers”. A common area causing misunderstanding appeared to

be when to use the multiplication and the division symbols.

Thursday

Using counters children found how many different ways they could share the
counters and how many different ways they could record this in writing. A
demonstration on the whiteboard using a group of magnetic counters was given

with suggestions on how to share provided by the students.

Most appeared to struggle to complete the task without individual assistance

Lance needed to count every counter each time.

2x10 | 10x2 | 4x5 5x4 Division Comments

Neil N N N N N Slow to complete work but with
individual assistance completed the
task.

Rachel N N X N X Little confused, required assistance

Keith N N N N X Had difficulty following directions.

Sara N X N N X Confused used both 12 and 20
counters.

Leanne Absent

Tama N N N N X Individual assistance to group
objects.

Elise N N N N X Completed grouping of objects after
individual assistance.

Lance N N N N X Needed individual assistance.
Counted from one each time.

Anne N N N N X Confident but not with the sharing
and division part.

Simon N N N N X Understood and completed
multiplication but not the division.

Thomas | x X N N N Required explicit one on one
teaching.

Kaisha N N N N N Completed all sharing and grouping
activities without assistance.
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Friday

Students had a multiplication and division worksheet to complete for their

portfolio, provided by the classroom teachers. Questions were read to students

as | believe language was not part of the assessment task only the math skills

and assistance was given to endure literacy did not impact completion of the

task.
Multiplication | Division Comments
Neil N With Confident with multiplication, required individual
5/6 assistance assistance to complete the tasks in division.
Rachel N N Competent with multiplication and division, simple
6/6 5/6 counting error only mistake.
Keith X X Inconsistent, mixed results not competent.
3/6 0/6
Sara X X Inconsistent, mixed results not competent.
1/6 0/6
Leanne X X Inconsistent, mixed results not competent.
3/6 2/6
Tama X X Developing skills but not competent.
2/6 1/6
Elise X X Little sense obtained with irrelevant numbers used.
1/6 0/6
Lance Absent
Anne X X Inconsistent, numbers used but in the wrong
2/6 0/6 positions.
Simon N X Competent with multiplication, addition errors.
4/6 0/6 Division not completed with little understanding
demonstrated.
Thomas | X X Inconsistent, mixed results not competent.
0/6 0/6
Kaisha N X Inconsistent in multiplication, developing skills with
4/6 1/6 division but not yet competent.

Even using the ‘I do, We do, You do’ approach combined with the use of

counters and diagrams, students still struggled with the concept of multiplication

and division. Although the terms sharing and grouping were used to assist

develop understanding and reduce the fear associated with the terms

multiplication and division the majority of students required further one on one

direct instruction, however this was still not totally successful.
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Week 10

Tuesday

Following the observations and results of students’ ability to group and share
combined with understanding the relationship of this to multiplication and
division and the need to provide a portfolio sample for their classroom teachers
| worked with pairs of students as they focused on multiplication and division
guestions using concrete objects, while also revisiting addition and subtraction

problems developing their counting on and counting back strategies.

Completing addition and subtraction activities resulted in silly errors mainly due
to not looking at the changing sign, with most problems being hidden numbers.
Lance and Simon struggled to remain on task however most others were able to
complete the activities. Working with the students in pairs as they completed
grouping and sharing problems with counters proved rewarding. Lance
struggled but with persistence and individual attention was able to work through
some problems. Elise needed help to separate the groups of counters and

prompts to complete the number sums.

Thursday

Continuing from the previous lessons students worked in small groups with one
telling a number story involving groups while the others in the group used
counters to represent the story and recorded it as a multiplication number
sentence. The students were then challenged to come up with the reversal as a

division and write it down as a number sentence and check each others work.
Most children had difficulty writing the division and a common problem telling a

story that involved grouping of objects and therefore multiplication and not

addition.
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Multiplication Division Comments

Neil N N Good story was able to both group his counters and
write his number sentence.

Rachel N N Had problems coming up with a multiplication story
and not addition.

Keith N N Required prompts made counting errors due to his
untidy presentation.

Sara N N Difficulty with a multiplication story and not addition

Leanne N N Errors counting total number of counters and trouble
creating a multiplication story.

Tama Absent

Elise X X Had trouble setting out counters and needed prompts
to write a number sentence.

Lance X X No understanding, became upset but happier when

others did it for him.

Anne N N Needed help to place counters according to story
was able to write number sentence with prompts.

Simon Absent

Thomas | X X Did not follow instructions. When prompted able to
give answers.

Kaisha N N Wrote the correct number sentence, trouble sorting
counters into number of groups.

Friday

The lesson began with students brainstorming words that can be used for
position and direction before completing two activities. After a discussion the
students completed a listening activity requiring the placements of given
objects, followed by a second activity which required them to follow written
instructions. (However students were able to have this read to them) Both
space activities focused on following directions and placing given objects in set

positions.

During the discussion the ability to correctly place objects proved difficult due to
students’ point of view. For what seemed like an easy activity above and left
and right proved difficult. This was especially the case as the picture was only
one dimensional. The instruction to place a glass of water above each
placemat is not really an accurate instruction considering the meaning of above.
In order to follow the instruction to place a fork to the left and knife to the right of
each plate required students to visualise the person sitting at the table. This
concept was discussed prior to starting however proved the main cause of

errors.
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During brainstorming it was amazing to find students did not know what salt and
pepper shakers were. Suggestions included ‘You see them at Sizzler’. What
seemed to be a simple instruction did not cater for the vocabulary of the
students | assumed all students would know exactly what salt and pepper
shakers were. It was noted further lessons would need to focus on the concepts

of left and right.

Auditory Written Comments
Neil 10/10 4/6 Salt and pepper (right/left)
Knife and fork (left/right)
Rachel 10/10 4/6 Salt and pepper (right/left)
Knife and fork (left/right)
Keith 7/10 4/6 Not in middle, size, shape, and stick lines, ball in

correct hand.
Salt and pepper (right/left)
Knife and fork (left/right)

Sara 7/10 5/6 Ball in wrong hand (left/right)
Salt and pepper (right/left)
Leanne 9/10 5/6 Ball in wrong hand (left/right)
Salt and pepper (right/left)
Tama Absent
Elise 6/10 5/6 Confused, odd pictures included ball in wrong

hand (left/right)
Glass of water above

Lance 3/10 4/6 Each instruction is drawn with no connection to
one another.

Salt and pepper (right/left)

Knife and fork (left/right)

Anne 9/10 5/6 Ball in wrong hand (left/right)
Salt and pepper (left/right)

Simon 9/10 6/6 Ball in wrong hand (left/right)

Thomas 9/10 4/6 Ball in wrong hand (left/right)

Salt and pepper (right/left)
Knife and fork (left/right)

Kaisha 8/10 5/6 Ball in wrong hand (left/right)
Salt and pepper (right/left)

Week 11 -MADD WEEK
Tuesday: timetable clash
Thursday: timetable clash
Friday: timetable clash

Week 12
Tuesday Gillian sick
Thursday Gillian sick

Friday Gillian sick
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Week 13

Tuesday

In pairs students rolled a dice twice and used the first roll to determine the
number of groups and the second how many in each group. Confusion
developed with the students adding the numbers such as 6 + 4 = 10 rather than
how many altogether. Another error was using the first counter as a marker for
the group and then including this in the total number. Keith had extreme
difficulty staying on task, wanting to play with counters. Working individually with
students helped considerably, Lance showed more confidence using the
mathematical symbols and language. At the end of the lesson I rolled the dice
and the students took turns to use the coloured magnetic counters to make the
groups and write the number sentences on the whiteboard. An error with my
instruction appeared to be not drawing circles or a defining object in which
students can place their group of objects, with confusion over marking the group
and objects within it.

Comments

Neil absent

Rachel Lacked confidence but was able to complete both the grouping of objects and writing of
correct number sentence when one to one assistance.

Keith Required constant reminders to stay on task and individual assistance, understands
the writing of number sentences and that division is opposite of multiplication.

Sara Sara had difficulty adding and subtracting not multiplying. She was able to work
through an example on the board with prompts.

Leanne Not confident, added extra counters as a marker for the group and included these in
her total. She began to demonstrate some understanding but not competence.

Tama Had difficulty setting the counters out in groups using a counter as a marker for the

group, adding the appropriate number of counters and then counting all.

Elise Gained some understanding after 1-1 assistance prior to this she was adding an extra

one to each group.

Lance Able to work when given 1- 1 assistance prior was adding numbers together and
becoming confused. Lances understanding of terminology is improving.

Anne absent

Simon Demonstrated confusion at the start but gained confidence after 1-1 assistance and
working in a group of 3 with Thomas

Thomas Although he had difficulty at first but gained confidence after 1 -1 assistance and was
able to successfully complete a number of groupings and was able to assist Lance.

Kaisha Very competent with all tasks.
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Thursday

Year Two excursion - No class

Friday

Continued with multiplication (grouping of objects), division (sharing), addition
and subtraction concepts. A variety of story problems were orally presented
from which students decided how to represent each on the whiteboard using
both pictures and a number sentence. Students were encouraged to listen for
the clues of the key information and completed a number stories activity where
they had to complete the number sentence based on the diagrams and story
provided. Most students were happy to read the sentence themselves although
Lance and Keith had each problem read to them. After completing the sheet,
students were given a blank A4 sheet folded into 4. The challenge was to write
a simple problem and draw a matching picture and number sentence. Students
completed one for each of the four symbols, multiplication, division, addition and

subtraction and enjoyed creating their own maths worksheets.

Results of the activity show a variety of understanding still existed within the
group. When working through problems in a strong supportive environment one
step at a time understanding was obtained, however without assistance the

success was not demonstrated.

Week 14

Tuesday

The lesson began discussing perspective, using a range of examples such as
students sitting at the desk what was left to some people and right to others.
Where was the front? What was next to, in front of and behind? This was
followed by students completing worksheets copied from published books and

drawing their own diagrams to indicate position.

Although during whole class activities students began to demonstrate
understanding of the concepts this was not reflected in individual work, with
correct and incorrect answers within the same diagram in the written activities,

not pointing to a single cause for the errors. At times errors could be classed as
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an inability to place oneself in the position of the ‘character’ but this would be
followed by a correct answer which required the same viewpoint. Errors were
made with people sitting in all positions on the table, both in student drawn

diagrams and pre set diagrams.

Boy House Table Own Group setting
Right | Left | Right | Left Right | Left | Opposite | Picture & 3 statements
3) (4) 1) 1) 2) ® |6
Neil 3 4 1 1 0 2 3 Good diagram, 1 statement
Rachel |2 3 1 1 2 0 3 Good diagram, 2
statements
Keith 3 2 1 0 0 1 0 Good diagram 2 statements
Sara 0 0 1 1 0 3 3 Good diagram, 2
statements
Lance 0 1 1 1 0 3 3 Drew a diagram not labelled
Tama 0 0 1 1 2 2 2 Good diagram and 2
statements
Elise 1 0 1 1 2 1 2 Diagram of table at home
not of group of students at
school, no statements
Leanne |1 0 1 1 0 3 3 Good diagram, 3
statements
Anne 0 0 1 1 0 2 3 Good diagram, 3
statements
Simon 0 0 1 1 1 1 3 Good diagram, 3
statements.
Thomas | 0 0 1 1 1 3 3 Good diagram, 0
statements
Kaisha | 2 4 0 0 0 2 3 Good diagram, 3
statements
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Nextto | left Behind | In front of | Comment
) (4) ) 4

Neil 2 2 1 3 Confused with left and right and placed
teacher next to, not in front.

Rachel | 2 2 1 2 Initially had front and back mixed but answerd
a later question with the correct direction.
Accurate placement of her own drawn objects

Keith 2 2 0 1 Confused left and right and behind and in
front of also mixed.

Sara 1 3 1 4 Mixed in front of and used next to.

Lance 1 2 1 4 Good effort, appeared confident when
completing this activity.

Tama 1 2 1 3 Greater accuracy demonstrated when
drawing own objects.

Elise 2 2 0 2 Confusion with left and right used to answer
questions involving the same side.

Leanne | 2 2 1 3 Confusion with left and right, next to and in
front of it.

Anne 2 4 1 4 Confident good answers, including drawing in
own objects.

Simon 2 4 0 2 Confusion with in front of and behind.

Thomas | 2 2 1 4 Confusion with left and right.

Kaisha |1 4 1 3 Next to and in front of mixed,

Thursday

Students were introduced to the concept of half and a quarter, in line with the
current Year Two topic. Demonstrations using groups of objects and counters
on the white board were used to separate or group into half or quarter.
Mathematical notation for both was introduced along with the written word.
Students made suggestions as to when they would share an object or a group
of objects and ways they could divide, cut, count, sort each. It was noted that
Tama, did not appear to understand, and tended to wait and copy off others,
lacking confidence to have a go herself. Students completed a worksheet on
half and a quarter, as requested by the classroom teachers. Most students were
able to divide a given object into half or quarter but colouring in half or quarter of
a given number of objects proved challenging, and indicated a need of further

learning in order to master the concept.
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Divide Divide in | Share Share Comment

in half | Quarters | Half Quarter
) (9) (6) (6)
Neil 9 8 6 0
Rachel |9 9 6 5 Competent
Keith 3 9 2 0 Unusual to solve % but not %2
Sara 9 9 0 4
Lance 9 0 2 0
Tama 9 9 1 3 Did not understand tending to wait and
copy. Lacked confidence to have a go.
Messy work.
Elise 9 9 3 0 Coloured in too many ¥4's but

accurately divided. Only coloured 1 for
each ¥ sharing.

Leanne |9 6 9 0 Coloured in too many ¥2's but
accurately divided

Anne 9 9 6 0

Simon 9 9 6 0 Coloured in too many ¥2's but
accurately divided

Thomas | 9 6 6 0

Kaisha |9 0 9 5 Incomplete, had difficulty following

instructions

Friday, 17 September:

Students demonstrated their understanding of dividing objects and groups of
counters into halves and quarters on the whiteboard, drawing diagrams and
manipulating magnetic counters. Following the whole class activity students
drew four shapes on grid paper, counted the number of squares enclosed in the
shape, counted out the same number of counters which was *halved’ or divided
into 2 equal groups. Most problems were caused by presentation, the ability to
rule along a straight line and accurately count squares or counters. Sharing the
counters into two or four equal groups was achieved by most students, however
most demonstrated difficulty having sorted the counters into groups they
needed to count each group separately to explain how many were in each

group.
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Week 15
Tuesday

A review of the previous lesson included a demonstration of how to draw

shapes on grid paper and the process of sharing/dividing using counters and

tally’s. Enthusiasm throughout this lesson was high, children enjoyed creating

their own shapes and working with counters. A range of abilities was evident in

the class with four students requiring individual assistance while four worked

independently with speed and accuracy.

Find Find Comment
Whole Half
Neil N N Competent, completed small volume of work. Reluctant to seek
assistance, but keen to assist others.
Rachel N N Independent, used tally and counters. A neat, accurate and fast
worker. Competent but not confident.
Keith N N Untidy work. Was able to complete tasks with counters and tallys.
Sara N N Developing ability to locate half but not competent. Slow worker,
learning to used counters and tallys.
Lance X X Lacks confidence, able to find ¥z with 1-1 assistance and prompts.
Tama N X Not confident, lacks ability to work independently.
Elise N X Ability to find the whole number but not half. Tries hard needs
after 1 -1 assistance.
Leanne N N Gaining ability but requires further practice. Used counters, slow
at processing.
Anne N N Independent worker, used tally and counters, neat and accurate.
Simon N N Excellent independent worker used tally and counters, neat,
accurate and fast work.
Thomas |V N Reluctant to seek assistance, tendency to choose off task. When

given 1 -1 assistance able to grasp concept. Able to use counters
and tally’s to find half.

Thursday: Last day of term
Friday: School Holidays

Week 16 PIPS TESTING

Week 17 PIPS TESTING

Week, 18 Gill Absent

Week 19 Revision concepts covered
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Thursday,

The lesson involved a review of addition, subtraction and counting on

strategies. A review of the four basic mathematical symbols with examples of

situations when each is used and the key words to associated with each such

as difference and altogether. Students were encouraged to write number

sentences on paper in order to bridge the gap between concrete and abstract.

Groups were based on where the students sat on their arrival in class and not

manipulated by the teacher. Elise used all her fingers and did not grasp the

concept of counting on kept starting at one repeatedly returning to one and

counting all. With encouragement she began to attempt counting on after

individual demonstrations and assistance from teachers and peers.

To conclude the lesson students were encouraged to use number lines or rulers

to answer problems involving addition and subtraction. Word problems were

given from which they needed to decide which symbol was relevant for each of

the terms more, altogether, less, or left.

problems

Neil Recorded very little of the problems he completed, off task and chatty rather
than participating.

Rachel A large number of number sums recorded with accuracy.

Keith Competence adding and subtracting demonstrated.

Sara A large number of number sums recorded with accuracy, set out neatly
according to game played.

Lance Required assistance from his partner to record his number sentences, Not
accurate in answers. Lack of confidence demonstrated.

Tama absent

Elise Number sentences recorded accurately but presentation was limited

Leanne absent

Anne A large number of number sums recorded with accuracy, set out neatly
according to game played.

Simon Left early for appointment, little completed.

Thomas A large number of number sums recorded with accuracy, set out neatly
according to game played.

Kaisha A large number of number sums recorded with accuracy, set out neatly.
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Friday

No lesson due to voting for positions of responsibility for 2011.

Week 20
Tuesday

The current class photographs were used to review terms in front, behind,

middle, left, right etc. One class photograph was used during the whole group

demonstration and the other when students worked in pairs asking and

answering their own questions. Students enjoyed the use of photographs of

themselves and their friends. Lance could complete the activity with ease when

working directly with the teacher but when other students were working together

and individually he became anxious.

Set Oown Comments

Neil 8/9 0 Very slow at completing task and required extra time. An error with
the right and left of one row.

Rachel | 9/9 0 Excellent neat and accurate work, completed in time.

Keith 6/9 0 Slow at completion, error with right and who was behind.

Sara 9/9 5/5 Excellent competent worker. Completed set questions and her own
within the time. Neat work.

Lance 9/9 0 Accurate when questions read to him, after a very anxious start
where he said he didn't understand and couldn’t do it!

Tama 9/9 0 Slow completion. Neat accurate work.

Elise absent

Leanne | absent

Anne 4/9 0 Extra time required with confusion with left and right positions, and
middle.

Simon absent

Thomas | 4/9 0 Did not listen or follow instructions, was confused with left and right.

Kaisha | 9/9 0 Extra time needed for completion. Neat accurate work.

Thursday

Students completed a worksheet reviewing their understanding of before and

after, counting forwards and backwards and three digit numbers. Lance became

agitated stating “I can't find it, | am skipping it” without trying. He calmed down

when stepped through some problems before continuing on his own with a

188




frequent support. Thomas stated “I forgot what before means”. The example of
what had he did before coming into the classroom, before coming to school,
and what he would do after school. “Oh, | know what you mean”. Simon worked
quietly and independently commenting aloud “this last one is real tricky” but he

gave it a go. Keith had each question read to him.

1 1 after | 1 before 1 after 1 before Comments
before | (6) & 1 after 3 digits | & 1 after
(6) (12) (5) 3 digits
(6)
Neil 6 6 12 5 6 100% Excellent confident work.
Rachel 5 6 12 6 5 No obvious cause of errors.
Confident and accurate.
Keith 6 6 12 5 6 Instructions were read following
this worked independently.
Sara 5 6 11 4 0 Demonstrated understanding. Did
not complete last 3 digit question.
Lance 2 5 5 0 0 Sometimes used number grid and
other times ‘knew’ the answer.
Problems with reversals, reading
51 as 15.
Tama 4 6 12 3 6 Error reading reversal 51 for 15
and writing 300 as following 239.
Elise 5 6 8 0 0 Reversal reading 51 as 15 lead to
3 errors. Limited idea past 100.
Leanne 6 6 12 5 6 100% confident independent
work.
Anne absent
Simon 5 6 10 4 6 Worked quickly and
independently. Read 51 as 15.
Competent with 3 digit numbers.
Thomas | 6 6 11 5 6 Competent one simple error.
Kaisha 5 6 11 6 6 Confident
Friday

Revision Number stories

Students were reluctant to work with multiplication and division signs

individually although they provided answers during whole class activities on the

whiteboard. Lance was despondent stating, “I am never going to get this”, he

refused to try after one attempt. Elise said “I don’t know my times table” upon

which the class was reminded it didn’t matter because they were drawing

diagrams to match which would allow them to ‘count’ the total. This had been

demonstrated on the whiteboard using both pictures and magnetic counters.
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Elise had three groups and counted the correct number of objects however she

did not have the same number of objects in each group. A number of factors

must be considered and comprehended in order for the concept of multiplication

and division to be understood.

Addition | Subtraction

Multiplication

Division

Comments

Neil X X

X

X

Did not follow instructions writing
one number sentence without the
matching picture.

Rachel N N

\/

\/

Excellent understanding of all
concepts

Keith \/ X X No understanding of grouping for
multiplication confused division and
subtraction

Sara  but \ \ but wrong X some | Incorrect answer for multiplication

under 10 answer idea but correct number Good diagram
and answer for division but written
incorrectly

Leanne |/ N N X Matching diagrams and number
sentences for multiplication only.

Elise \ but X  with X Assisted to match diagram and

under 10 assistance number sentence with multiplication

Tama absent

Lance X \/ but under | X X Understood concept of word

10 problem with number sentence and
diagram.

Anne X X X X some Confused x with + sign but correct
understan | diagram for addition Good diagram
ding for division but had number

sentence incorrect.

Thomas | 4/ N X X Correct concept of multiplication but

not illustration to match. Good
illustration for division but not
number sentence.

Simon \/ \/ not correct

answer

\/ not correct
answer

\/ not

correct
answer

Excellent diagrams but incorrect
answers

Kaisha N N

\/

Excellent diagrams and matching
number sentences.
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