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A design-based intervention project was conducted to research the complexities of improving early
number-sense learning outcomes for ‘at risk™ children in the first year of school. Focusing on the
growth of teacher knowledge, a combination of interviews, mentoring sessions, videoed lessons and
web-log reflections were used as both learning processes and data collection methods. Preliminary
analysis of one teacher’s lesson revealed several key teaching strategies that will enable interpretation
of how teacher growth in knowledge translates into effective teaching practice in subsequent lessons.

Background and Context

The research reported in this paper is nested within a larger study that centred on
empowering Kindergarten teachers to meet the diversity of students’ mathematical learning
needs particularly those ‘at risk’ of early number sense difficulty, low progress, or failure.
Amongst the challenges identified and explored during the broad study, three paramount
factors emerged: a) the importance of the development of each teacher’s pedagogical
content knowledge (Hill, Ball & Shilling, 2004), b) the need to change their actual teaching
practice, including instructional structures and subject specific teaching strategies
(Loewenberg Ball, Camburn, Correnti, Phelps & Wallace, 1999), and c) the contribution of
a teacher perceptions to the motivation and engagement of their students (Hadré &
Sullivan, 2008).

This paper focuses on the third factor and explores emerging themes of teacher
perception and motivation within the teaching of early mathematics. It moves beyond the
question of what mathematical knowledge is needed to teach early mathematics effectively
and looks at the task of teaching itself while considering the following questions:

* What perceptions does a teacher have of his teaching strategies in early number

sense?

* What teaching strategies affect motivational processes and student engagement?

Research Literature

Schulman’s (1987a; 1987b) categories for the knowledge base of teachers, particularly
the categories of content knowledge and pedagogical content knowledge have provided a
robust framework for a range of studies in mathematics education. Recent research has
established links between changes in teacher knowledge and changes in teaching practice
(e.g., Beswick, Caney & Skalicky, 2006), and changes in student achievement (Hill,
Rowan & Ball, 2005). However, much remains unknown regarding the translation of new
knowledge into effective teaching strategies, the nature of its impact on student learning or
the role of a teacher’s perception and the classroom effects that influence student
motivation and engagement.

Teachers’ individual perceptions and the differences they bring to their classroom
environments are becoming increasingly recognised as fundamental contributors
influencing the way they teach, and how they motivate and engage their students (Brophy
& Good, 1974; Skinner & Belmont, 1993; Hardré & Sullivan, 2008). Hardré and Sullivan
(2008) note that differences within teachers’ own qualities and experience, the
interpersonal way they interact with their students, together with the perceptions of their
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students’ characteristics and needs may determine the strategies that they use to influence
student motivation and task engagement. Teachers themselves frequently need to be guided
to comprehend the forces that shape a child’s numeracy learning development and
understand both the strengths and weaknesses that each child brings with them to their
early maths classes. Discovering how to motivate all students often requires educators to
change their existing perceptions of the nature and value of motivation, their beliefs of
what influences student engagement within the climate of their classrooms and the actual
lessons they give.

Acquiring a sense of number during the early years of schooling is crucial to the long-
term development of all future mathematical knowledge. Recognition of the importance of
the early mathematical capabilities of children as they enter Kindergarten indicates a
growth in the awareness of the concept of number sense. Number sense or the basic ability
to quantify, is increasingly regarded as an emerging construct, a prerequisite to the more
formal process of mathematical thinking and a vital component of all mathematical
instruction (Berch, 1998; Gersten & Chard, 1999; Griffin, 2004; Howell and Kemp, 2005;
Jordan, Kaplan, Oldh & Locuniak, 2006). Research that leads to a better understanding of
the relationship between teacher perceptions of their students’ learning needs and their
choice of teaching strategies is of value to the development of quality mathematics
education, in particular the development of early number sense learning.

Teachers may be unaware of how to promote early number skills. Many teachers
anticipate that as children enter school they have already acquired certain basic levels of
mathematical development and are able to make connections and process basic number.
They often teach accordingly, introducing number concepts that are frequently
misunderstood placing a child ‘at risk’ of failure, low progress or difficulty with learning
(Dowker, 2005, Gersten & Chard, 1999; Griffin, 2004; Seo & Ginsberg, 2003). Some
young children exhibiting difficulty with their elementary mathematics may have bought
with them a strong foundation from their informal mathematical experiences and
understanding but find that difficulty arises when they are not able to translate or connect
their “knowledge base to the more formal procedures, language and symbolic notation
system of school maths” (Garnett, 1998, p.3). Garnett (1998) describes the difficulty in
translation as a “collision” of their informal skills with their new school maths learning
experiences. The impact of teacher knowledge and practice on the development of number
sense by children in the first year of school is greatly influenced by teacher understanding
of mathematical cognition, the importance of number sense within their teaching of
mathematics, and how it can be recognised, understood, accommodated and therefore
taught effectively.

The teaching of mathematics competence needs to have the availability of the
development of the certain cognitive structures that allow a child to interpret the world of
quantity and number in increasingly sophisticated ways (Griffin, 2002). Children, states
Griffin (2002) need to have learning experiences that allow wide exploration and sets of
opportunities for discovery, mathematical challenge and ability. Achievement within early
mathematical learning stages also depends on motivational relationships, how a child
navigates difficulties, and uses experiences and social interaction to build meaning.

The motivation and engagement of all students within their early mathematics learning
experiences often requires teachers to address their own perceptions of individual
differences, characteristics, experience and interpersonal styles. Of increasing interest to
researchers is the relationship between a teacher’s motivational style, the specific teaching
strategies they use and the influence these have the motivation and engagement of both
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students and the teacher within a learning experience (e.g., Jang, 2006: Skinner, Furrer,
Marchand, G., & Kindermann, 2008; Urdan & Schoenfelder. 2005). For example, Roth,
Assor, Kanat-Maymon & Kaplan (2007) examined educators’ experience of autonomous
motivation for teaching and how it correlated to both the teachers and students involved.

The role of positive teacher listening and responses to their students’ feedback, while
continually encouraging choices and further challenge to the learner experience, contrasted
with a more controlling, authority-directed motivation where the students are told what to
do and how to do it without further alternatives. Roth et al., (2007) found that a sense of
autonomy within a task or lesson benefited both the student and, the teacher. They
observed that, as students need a secure sense of self-determination and self-perception to
maintain their mathematics achievement goals or goal orientation within a degree of
autonomy supported behaviour, so did the teachers who were teaching or leading the task.
A teacher’s sense of wellbeing and success within the classroom climate, not only has a
positive effect on the student outcomes, but on their own perceptions and motivational
strategies contributing to improved effective outcomes and goals.

Methodology

A design—-based research approach (Cobb, Confrey, di Sessa, Lehrer & Schnauble,
2003) that was both pragmatic and theoretical was used for the broad study. This approach
allowed the targeting of domain specific learning processes and teacher involvement
within their own cycles of design, enactment, analysis and solutions. A collaborative
participation framework was designed to contribute to a “shared professional culture,
instructional goals, methods, problems and solutions” (Garet, Porter, Desimone, Birman,
Kwang, 2001, p.922) as a basis for a professional learning intervention.

Three Kindergarten teachers and their classes were recruited from one school within an
urban area of the Sydney Metropolitan Region. The students within the study represented a
wide range of diversity, Non English Speaking Backgrounds (NESB) and income status.
Each student was pre-tested at the beginning of Term 2 and post-tested at the beginning of
Term 4 of their school year using The Number Knowledge Developmental Test (Griffin,
2002; 2004). This measure was used to assess children’s developing understanding of
number and quantity and to identify and determine the extent to which children have
acquired specific knowledge upon school entry point. Administered individually with each
question read and responded to orally, students considered “at risk” were identified as
those in the bottom 20% of the pre-testing scale.

All teachers were asked to teach six video-observed lessons incorporating their
curriculum based lessons and identified key elements of number sense in young children
(Jordan et al., 2006). Teachers logged onto their own secure web-based teacher log to
submit information and personal reflection about the lesson taught. Structured classroom
vignettes from each teacher’s individual video observation created contextualised
descriptions of their classroom situation, instructional practice and student responses.
These vignettes were used a tools within a series of mentoring session with the researcher.
The researcher viewed each web-log entry and videoed observation after each lesson
locating themes and insights enabling a structuring individual mentoring sessions for the
following day. Each teacher worked individually and collaboratively with the researcher
co-constructing knowledge, adapting perceptions, instruction and implementation during
the mentor sessions.

This paper reports on the preliminary analysis of data collected from one of the
teachers, referred to as Michael. The lesson selected for initial analysis was the second in a
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series of six, drawing on an initial teacher interview, two videoed sections of the lesson
and the associated web-log entry. Transcripts of each of these were manually analysed and
open-coded during the first pass through of the collected data, with the purpose of
detecting ‘located themes’ (Strauss & Corbin, 1990).

The following section describes the themes that emerged, presents some excerpts from
the data to illustrate indicators of the themes, and relates the finding to other research.

Results and Discussion
Theme 1: Perception of Preparedness to Teach Early Number

Analysis of the following excerpts taken from the initial teacher interview involving
the researcher and Michael, presently in his third year of teaching, revealed the emergence
of two concepts. The following transcripts show firstly a self-perception or awareness of
his preparedness for teaching early number and secondly his insight into his own teaching
practice and knowledge.

Researcher: How prepared did you feel to begin teaching numeracy in your own classroom?

Michael: I felt prepared enough in Count Me in Too it gave me enough to work with within the
concept of number sense anyway but in the same time it can be difficult to think of lessons in any
other way. Standard whole class can be difficult. More challenging!

Many beginning teachers feel unprepared for the diversity within their classrooms,
feeling a lack of sufficient background knowledge or expertise (Rohl & Greaves, 2005).
Though Michael’s teaching experience was relatively new he expressed that as a beginning
teacher, although the professional development program (Count Me In Too) supported his
teaching of number sense, he felt somewhat daunted by teaching outside the structures of
the program, particularly within the diversity of whole class lessons. Michael stated he had
no expectations of children’s previous skills because he didn’t know what to expect. He
perceived that he had sufficient background knowledge within CMIT, which allowed him
to teach one way and offered him the use of one strategy. He subsequently believed that
this would enable him to gauge what the students could or couldn’t do and he would “take
it from there”. One of the challenges for Michael was how to decide what other teaching
strategies to use to empower whole class learning and to meet the diversities of his students
motivational needs to continue their ongoing learning achievement.

Researcher: How do you feel now? Are you having to extend your own practice and knowledge to
meet the needs of your class?

Michael: I feel better this year because it is Kindergarten and it is almost like starting from the start.
I felt a bit in the unknown in Year 1 because I didn’t know where they were coming from. At least
within Kindergarten you didn’t really know about their preschool. But at least you knew they were
starting from the beginning. You know that they have to count from 0-20 and 0-30 by the end of the
year etc....then at least you knew where exactly where to go....designing lessons for whole class
outside CMIT is a little bit easier.

The learning and teaching of mathematics in early years creates the beginning of
mathematical thinking that is content specific, relative, inclusive and empowering.
(AAMT, 1997; NSW DET, 2006), and so requires specific teacher knowledge. However,
pre-service teachers, according to Ryan & Healy (2008), frequently bring with them both
problematic and unexamined assumptions about learners and teaching as they enter their
beginning teacher roles. The second excerpt (above) indicated that, although by teaching
Kindergarten Michael felt he had the chance to exercise a clearer insight into what children
bring with them to the classroom and where he needs to take them, he had little specific
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teacher knowledge of number sense as an emerging construct or of importance of the early
mathematical capabilities of children entering Kindergarten.

Theme 2: Interpersonal Styles Used to Promote the Children’s Motivation and
Autonomy

The following extract is from a multiplication lesson with the focus on development of
number sense. In this lesson students are being taught to group, share and count collections
of objects and describe using everyday language. They are recording using informal
methods and are engaged in whole class activity with their teacher at the beginning of the
lesson prior to moving into groups and designated task tables. Six pretested children within
this lesson have been highlighted as being ‘at risk’ in their number knowledge each gaining
scores of 4/9 or below in Level 1 (5-6 years old) of the test.

The perceptions of both beginning and experienced practicing teachers often lack an
understanding of what causes task engagement or disaffection as lessons develop. The
impact of the quality of motivation within a mathematics classroom setting is commonly
identified by how both teacher and students perceive success, interrelate and define the
significance of a task or mathematics learning situation (Jang, 2008). The following lesson
observation provided an example of how a teacher’s interpersonal style acts on the
motivation and achievement of the students.

As the class is sitting in a group on the floor in front of the teacher his tone of voice is
quietly reassuring. The pace of the lesson is even and flowing and all the children are
attentive and engaged.

Jack: I made a rocket!

Teacher: You made a rocket. How many groups was it made up of?

Jack: 12

Teacher: I think you mean 12 counters altogether. How many counters were in each group?

Jack: 4.

Michael begins to motivate the children by challenging them to remember how to make
groups and by personalising his interaction with each one of the children as he questions
and compliments each child as they respond. The children individually record on the board

as a whole class activity.
Teacher: [explains to the class] Jack says he has 4 in each group. Jack, how many groups do you
have? How many do you remember?

Jack: 3 groups of 4.

Teacher: Perfect answer. Well done for remembering.

Urdan & Schoenfelder (2006) noted in their findings that a child’s motivation to be
engaged or disaffected in a task is often dictated by the very social-contextual factors
surrounding him or her within the classroom setting. The status of their interpersonal
teacher—student relationship, Urdan & Schoenfelder (2006) stated, how the lesson activity
or task has been structured and the degree of autonomy encouraged plays a huge
motivational influence as to whether a child chooses to engage or be disaffected. Children
also frequently measure the relevance of their achievement goals by how they view the
ability of their classmates, their teacher’s perception of their skills, competence and
understanding during a learning task. As Michael ends his questioning by reassuring Jack
that he has answered correctly and compliments him on remembering, he creates continued
engagement not only with the one child, but also the rest of the class. The children are all
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motivated, engaged and interactive with the teacher. A strong sense of wanting to succeed
with their understanding and contribution to whole class task achievement is very evident.

As the same lesson continues, Michael uses his interpersonal dialogue to maintain
motivation, student autonomy and goal-related behaviour with each child as they continue
their group task-work. The teacher moves from group to group interacting with each child,
allowing a sense of autonomy and showing his awareness of the continuing need to keep
the classroom climate productive and students engaged. Research by Skinner, Furrer,
Marchand and Kindermann (2008) indicates that students who are more engaged in a task
or an activity of learning are most likely to receive stronger teacher involvement than
disaffected or negatively engaged children. The lack of teacher attention can further
disengage children who are finding the task difficult, boring or perceive it irrelevant. A
variety of key teaching strategies are used by Michael to promote student autonomy and to
maintain a flow of activities. A combination of direct instruction, peer assistance and
teacher modelling helped to foster student motivation and engagement within the next two
groups.

Teacher [group 1]: Put two counters on each leg [direct instructs] and I will be back. [Children
begin to peer assist and interact with each other].

Teacher [group 2]: How many do you have in each group? [Teacher models and the child answers].Well
done! Now can you make me something different?

In the following excerpt Michael uses the strategies of modelling and scaffolding with
the identified ‘at risk’ children who have been placed at a task table of their own. The
teacher also endeavours to raise the level of challenge though some find it difficult to meet.

Theme 3: Catering for Student Comprehension Needs

Teacher [group 3 ‘at risk’]: [Teacher models.] There are 5 animals in each group. How many
altogether? This is a group of 5 isn’t it? [Not all children in the group are motivated and are looking
a little lost] [Teacher begins to scaffold.] How many each groups? How many are there altogether?
Let’s have a look together....c.ccvviiuinennene.

When giving task directions, Michael is aware that these students are having difficulty
and need extra effort to be motivated. However, he clearly states to the ‘at risk’ students
exactly what the lesson tasks entails and promises to re-visit each child to see what they
had done once he has interacted with them and moved on around the room. It appears that
this not only provides support, but also communicates the teacher’s perception of the need
for student self-determination, autonomy, and the valuing of each individual’s learning.
Within the whole class setting, constant use of mathematical language as a literacy for
mathematical achievement, by repeatedly stressing key words such as groups, share, fair
share, equal share keeps the children engaged and also lends relatedness to the task
consistently during the lesson.

A number of the students in Michael’s class needed extra support in comprehending
the tasks, including some with limited understanding of the English language as well as
mathematics difficulty. Therefore the strategies used during the lesson supported these
needs and served to keep the students engaged.

The final excerpt comes from Michael’s web based log reflection of the lesson
indicating Michael’s perception of the value of reflection.

Thought this lesson was a great follow up as a continued lesson. Asking students to record on the
board in the whole group activity gave all students something concrete to look at and understand.
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The decision to keep the lower group on the same activity from the last lesson was good. It allowed
them to explore different amounts and gave me an opportunity for me to work with one student
struggling. The higher group had some problems recording and were a little off task.

Michael recognised the importance of continuation and follow-up for student
achievement. He had very little perception of who was exactly ‘at risk” within their number
sense skills in his class before the research pre-testing and had not grouped any of the
highlighted children together previously. However, his reflection also indicated his
awareness the diversity of his students needs and that the higher group also needed as
much equal motivation to stay engaged and achieving as the other groups.

Conclusion

A child’s development of number sense is a critical foundation for further
mathematical learning, and so is the quality of the learning experiences in the first year of
school. This paper explored one aspect of a recent research study investigating the impact
of kindergarten teacher knowledge and practice on ‘at risk’ number sense learners. The
focus of this paper was a teacher’s perception and motivational styles and the contributions
that both had on student engagement.

Three strong themes emerged from analysis of a lesson and of teacher reflection that
appear to impact on the mathematical learning experiences provided for the children: the
teacher’s perception of his own preparedness to teach early number sense; the use of
particular interpersonal interaction strategies to promote motivation and autonomy; and the
specific strategies of direct instruction, modelling and scaffolding to cater for the
comprehension needs of ‘at risk’ students.

These findings are of course limited by the small data sample and present only a
picture of what is happening in one lesson, not sow or why it is happening. While these
finding are consistent with recent research (e.g., Hadré & Sullivan, 2008; Ryan & Healy,
2008; Roth et al., 2007), the significance of the identification of the three themes lies in
their potential to contribute to the deeper analysis of this teacher’s subsequent lessons as he
progresses through the mentoring sessions and increases his pedagogical content
knowledge. Of further interest will be the comparison of the key themes that emerge from
the analysis of data from the other two teachers in the larger study. The notions of teacher
perception, motivational styles and strategies for supporting ‘at risk’ students are
potentially critical factors in better understanding the development of quality mathematics
teaching.
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