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Abstract

The objective of this study was to explore how senior mathematical students made sense of their
mathematical experience through the New Zealand National Certificate of Educational Achievement
(NCEA) qualifications system, and from that exploration to understand what factors motivated these

students and to which factors these students attributed their mathematical success.

The research is based on Constructivist Theory, with ethnomethodology as the methodological
approach. The methodological tool utilised in the study was an online questionnaire. The students
who completed the questionnaire attended an urban, co-educational, decile 8 secondary school in
New Zealand. The participants were students aged 16 years old and over, enrolled in a full year

NCEA Level 3 Statistics and Modelling Achievement Standards programme in 2013.

The students in the sample were aware that there were set criteria within each grade for NCEA Level
3 Statistics and Modelling assessment tasks. The students were mindful that achievement was
measured in discrete units. Evidence from the research suggests that to maximise student learning
within the NCEA qualifications system, Level 3 Statistics and Modelling needs to be taught as a

collective, cohesive statistics curriculum.

The students in the sample attributed their highest mathematical outcomes to ability, effort and the
teacher and their lowest mathematical outcomes to lack of ability, lack of effort and the level of
difficulty of the assessment. The findings highlighted the importance of prioritising the teacher and
student relationship. In the study, only 12% of students were convinced that their teacher was
interested in them at an individual level. NCEA Level 3 Statistics and Modelling teachers need to be

aware of the influence of the teacher and student relationship on student achievement.

The findings from the research have implications for teaching and learning. The research evidence
indicates a need for NCEA Level 3 Statistics and Modelling students to be aware of the non-
numerical content and grade criteria expectations of the Statistics and Modelling Achievement

Standards prior to committing to the course.
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Chapter One

Introduction

1.1 Introduction

Success matters. It matters at school. It matters in life... and yet not all students are successful.

Why do some students pursue excellence while others do the minimum required? This important
guestion leads to other questions such as: How do students engage with their learning? How do
students engage with mathematics? And how do students engage with assessment? Three

fundamental questions channelled the development of this thesis.

We live in a time of economic competition, employment scarcity and dramatic technological change.
In times of financial recession, there is a societal expectation that students in secondary school
would be working harder than ever to ensure their place in tertiary institutions or trade
apprenticeships or the employment market. However, teachers are increasingly reporting that

students are harder to engage and less interested than ever before.

It would appear that mathematics is unique in its ability to polarise students and adults alike. When
students are younger they experience mathematics’ learning with joy. They expect to be good at it
and show resilience in the face of frustration when presented with a new challenging mathematical
task. Unfortunately this does not continue, in fact, it diminishes with age. Throughout their
secondary school career, students increasingly perceive mathematics for its utilitarian value rather
than intrinsic enjoyment (Cotton, 2001; Ernest, 2000; Meyer, McClure, Walkey, McKenzie, & Weir,

2006). Often, by adulthood, people resign themselves to belonging in the “not good at maths camp”.

Assessment is perceived to be the primary driver of the education system (Hipkins, 2010). The New
Zealand Qualifications Authority adopted the National Certificate of Educational Achievement
(NCEA) as the national secondary school qualifications system in 2002. The purpose of NCEA was to
ensure that more students left school with qualifications. To make that happen assessment moved
towards a standards based qualification system. A decade after the implementation of NCEA,
research into the effects that the assessment system is having on students’ willingness to engage is
becoming more established. NCEA has proven to have both positive and negative influences on
student motivation. The gains in motivation of high achievers are not similarly reflected in the

motivation patterns of students with a lower attainment record (Hipkins, 2010). Research has shown



that students whose motivation is to do the minimum requirement to pass, rather than trying their
best, receive the lowest number of credits (Hodis, Meyer, McClure, Weir, & Walkey, 2011; Meyer et
al., 2006; Meyer, McClure, Walley, Weir, & McKenzie, 2009; Meyer, McClure, Weir, Walkey, &
McKenzie, 2009).

As a secondary school mathematics teacher, | had a compelling reason to research student
motivation. My own professional practice could only improve by a deeper understanding of student

engagement.

This chapter is divided into three mains sections: the background to the research, the research focus
and the thesis overview. The background of the study is discussed with reference to motivation,
mathematics, NCEA and NCEA Level 3 Statistics and Modelling. The research focus provides
discussion on the research question and the key objectives of the study. The thesis overview

provides an outline of the thesis and a brief summary of chapter content.
1.2 Background to Research

1.2.1. Motivation

“There is a driving force more powerful than steam, electricity and atomic energy: the will.”
Albert Einstein

The title of this thesis is “Driving Force”. A driving force has been defined as “the impetus, power, or
energy behind something in motion”(Dictionary.com, 2013). With reference to motivation in
education, the ‘something in motion’ is the learning, and the student’s impetus, power or energy is

the force that drives the learning.

Motivation matters. There is an overwhelming body of research to prove it (for example, Carr, 1996;
Dowson & Mclnerney, 2003; Ellsworth, 2009; Middleton & Jansen, 2011; Moe, 2011b; Pink, 2009).
Motivation has been defined as “the process whereby goal-directed activities are instigated and
sustained” (Schunk, Meece, & Pintrich, 2014). A student successful in their learning needs to have
the essential knowledge, skills and competencies. However, in order to hold these requisites of
success, the student must be prepared to invest energy, focus and effort (Sternberg, 2010). A
student’s motivation activates engagement in the learning task, enables persistency of effort in the

face of failure and frustration, and mediates the level of effort given by the student.



Two key theories relating to the motivational orientations of students are attribution and self-
efficacy. Attribution theorists suggest that students make a judgement on their level of responsibility
for an educational outcome, based on the perceived cause of success or failure. Weiner’s Attribution
Theory (1985) originally cited four significant attributions that students make for their achievement
outcomes: ability, effort, task difficulty and luck. The emotional reaction to the attributed cause
creates, in the student, expectations of the level of future success and directs their behaviour

(Martin & Dowson, 2009; Weiner, 1985; Yailagh, Lloyd, & Walsh, 2009).

The flow on effect of student attribution is represented in Figure 1.1 Attribution Theory (adapted

from Sternberg, 2010):

Perceived Emotional Future Subsequent

Cause Reaction Expectation Behaviour

Figure 1.1 Attribution Theory

When investigating why students do what they do, students’ beliefs in their own abilities have a
huge influence over the choices they make. Originally developed by Bandura (1977, 1997), self-
efficacy theories propose that students will persist and expend effort on learning tasks that they
believe themselves capable of and avoid learning tasks that they believe exceed their abilities. The
relationship between efficacy expectations and outcome expectation, adapted from Bandura (1997)

is represented in Figure 1.2 Self-efficacy Theory:

Efficacy eg“:ﬁ::‘i
Belief (belief (bgli pr o Future
";t:‘glrlr?t:\z G o the behaviour effi(.:acy
pbehaviour) will produce beliefs

the outcome)

Figure 1.2 Self-efficacy Theory



The research shows that there is a complex connection between student attributions, student
efficacious beliefs and successful achievement outcomes (Ellsworth, 2009; Fast et al., 2010; Hock,
Deshler, & Schumaker, 2009; Martin & Dowson, 2009; Middleton & Jansen, 2011; Skaalvik &
Skaalvik, 2009; Usher, 2009; Usher & Pajares, 2009; Yailagh et al., 2009).

1.2.2 Mathematics
The role of mathematics takes many forms within society. These, and their spheres of power and

influence, are numerous. It has been argued that “mathematics is so present as to be like the air
around us” (Davis, 2001, p. 19). Given that “society is increasingly formalized and mathematized”
(Gellert, Jablonka, & Keitel, 2001, p. 90), there could perhaps be an expectation that mathematical
attitudes would reflect this perspective within New Zealand classrooms. Success in mathematics
leads to advantage, both academic and in the employment market, and from that understanding
mathematics has come to be described as a ‘critical filter’ (Sells, 1973). Studies continue to show
that school mathematics is viewed as being challenging, difficult and attainable only by an elite
(Boaler & Greeno, 2000; Orton, 1994), with only half of the student population enjoying and
achieving recognised success (Ernest, 2000). Therefore, a mathematics qualification continues to be

a scarce resource, which is valued, if not somewhat revered by society.

Given the increasing “mathemacy” of society (Cotton, 2001; Davis, 2001), students who are
committed and motivated to succeed in mathematics are integral to society’s development and
progress. Within our mathematics classrooms, we need students who have the “will and the skill” to

succeed (Middleton & Jansen, 2011, p. 39).

1.2.3 NCEA
Teaching, learning and assessment are all integral to the education process. Assessment fulfils many

roles within education. According to educational research, assessment can:

i Enable students to learn what they know about a subject and learn about themselves as
learners (Gilmore & Smith, 2008)
ii. Direct student learning for both the student and the teacher (Meyer, McClure, Weir, et al.,
2009)
iii. Provide certification of individual students (Black & Wiliam, 1998)
iv. Arouse student interest and motivation (Brown & Hirschfield, 2007)

V. Enable public accountability of institutions and teachers (Black & Wiliam, 1998; Pfannkuch,

2001)
Vi. Provide evidence of students’ potential to succeed in the future (Gilmore & Smith, 2008)
vii. Provide criteria for selection and grouping of students (Meyer, McClure, Weir, et al., 2009)



viii. Be an engine that drives systematic curricula reform (Black & Wiliam, 1998).

The New Zealand National Certificate of Educational Achievement (NCEA) was developed in
response to the numbers of secondary school students leaving school without qualifications (New
Zealand Qualifications Authority, 2013). The introduction of NCEA in 2002 was a move away from
the traditional high stakes, external examinations of School Certificate, Sixth Form Certificate and
University Bursary, to a standards-based assessment system. The intention of the criterion
referenced NCEA system was to strengthen connections between student learning and achievement
outcomes, measuring how a student performs against a particular learning outcome rather than
comparing how a student performs in relation to other students (Meyer et al., 2006; Meyer,
McClure, Weir, et al., 2009). The Ministry of Education’s goal via the assessment system was to
address the learning needs and improve education outcomes for all students (Ministry of Education,

2001).

The move towards a standards-based assessment system is consistent with the trend towards
assessment for learning rather than assessment of learning (Rawlins et al., 2005). Within the senior
secondary school, NCEA provides three levels of a national qualification and comprises a mix of
internal and external assessments. Within each Achievement Standard, students can gain one of four
the following four grades, Not Achieved, Achieved, Merit and Excellence. In 2008, Merit and
Excellence Endorsements were introduced for additional recognition of high achievement across all
subject standards. In 2011, course endorsement was introduced to enable students with strong
performances in single subjects to gain Excellence or Merit endorsements in those courses. From
2011 to 2013, NCEA Achievement Standards have been remodelled. The process began with Level 1
in 2011, NCEA Level 2 in 2012 and in 2013 NCEA Level 3. The remodelling was implemented
following concerns over credit parity and duplication across Achievement Standards and to align the

standards with the new New Zealand Curriculum (New Zealand Qualifications Authority, 2013).

Hattie’s (2013) introduction to Madjar and McKinley’s (2013) book “Understanding NCEA”, suggests
that the NCEA qualifications system reflects the modern working environment. Credits and courses
provide ways to learn new things, internal and external assessments provide different tasks and

there are multiple ways to measure performance.

Madjar and McKinley (2013) provide the following advice to NCEA students: “It is up to you how
hard you want to work and which assessments you want to attempt” (p. 18). Assessment and

motivation are inextricably linked. Successful achievement outcomes on assessment tasks are in a



sense the desired result of motivated learning behaviour. Equally, assessment tasks can cue certain

motivational behaviours and efficacy beliefs (Brookhart, 2013).

1.2.4 NCEA Level 3 Statistics and Modelling
At NCEA Level 3, students choosing to continue in their mathematical studies have the option of

enrolling in either Statistics and Modelling, or Calculus. At the start of a NCEA Level 3 course,
typically students have had twelve years of mathematical learning in the schooling system and at
least two years involvement with NCEA (Level 1 and 2). The students’ experiences provide familiarity
with mathematics in the classroom and NCEA. The cohort of students chosen for this study is the
first to have been assessed using the remodelled NCEA at Levels 1 and 2, and Level 3 in 2013. The
changes to the Achievement Standards and the students’ prior experiences with mathematics at
school and NCEA were the rationale behind choosing NCEA Level 3 Statistics and Modelling students

for the study.

Individual schools decide on which Achievement Standards they will offer for the NCEA Level 3
Statistics and Modelling course. The students in the research study sample had just completed an
internal assessment for the Achievement Standard 91580 ‘Investigate Time Series’, which was worth
four credits. The assessment required the students to produce a report over four class periods,

during which the teacher was able to ask the students questions about their report writing process.

The NZQA website (New Zealand Qualifications Authority, 2013) states that the ‘Investigate Time
Series’ achievement standard is derived from Level 8 of The New Zealand Curriculum, and is related
to the achievement objective ‘Carry out investigations of phenomena using the statistical enquiry
cycle’. The achievement standard requires the students to: use existing data sets, find, use, and
assess appropriate models, seek explanations, and make predictions, use informed contextual

knowledge, communicate findings and evaluate all stages of the cycle.

The achievement criteria for attaining the grade “Achieved” requires investigating time series data
showing evidence of using each component of the statistical enquiry cycle. A “Merit” grade requires
investigating time series data, with justification, and involves linking components of the statistical
enquiry cycle to the context, and referring to evidence such as statistics, data values, trends or
features of visual displays in support of statements made. To achieve the excellence criteria, a
student must investigate time series data, with statistical insight. This involves integrating statistical
and contextual knowledge throughout the statistical enquiry cycle, and may include reflecting about
the process, considering other relevant variables, evaluating the adequacy of any models or showing

a deeper understanding of models.



1.3 Research Focus

There were three key strands that underpinned the direction of

Learning
Motivation

the thesis. These were engagement and desire to learn,

engagement and desire to learn mathematics, and engagement

NCEA
Assessment

and desire to learn within the NCEA assessment system. This is Mathematics

represented in Figure 1.3 Research Strands:

Figure 1.3 Research Strands

The overlap between these three components led to the research question:

What motivates senior mathematics students enrolled in NCEA Statistics & Modelling Level 3
Achievement Standards?

The objective of the research is to explore how senior mathematical students make sense of their
mathematical experience through the NCEA qualifications system, and from that exploration to
understand what factors motivate these students in their mathematical studies and to what

students attribute mathematical success.

1.4 Thesis Overview

The thesis is divided into three sections. Section | provides the background and rationale for the
study, through this introductory chapter and the Literature Review in Chapter Two. The literature
review explores established learning motivation research and then focusses on the motivational
theories of attribution and self—efficacy. Research specific to motivation and mathematics and

motivation and NCEA is then reviewed.

Section Il (Chapters Three, Four and Five) describes the logistics and findings of the study in response
to the research question. Chapter Three concerns the research method and design. The chapter
describes the methodological approach taken, the research project process, and relevant validity
and reliability measures for the study. The data that emerged from the questionnaire are explored in
Chapter Four. Chapter Five provides the analysis and discussion of the findings under two main

subheadings: i) making sense of NCEA and ii) student motivational influences and attributions.

Section Il of the thesis (Chapter Six) summarises the findings from the study. Chapter Six is divided
into four areas of discussion: chapter summaries, limitations of the study, implications for teaching

and learning, and recommendations for future research.



The thesis overview is summarised Figure 1.4 Thesis Overview:
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Figure 1.4 Thesis Overview

1.5 Summary

This first chapter has introduced the research question for the study:

What motivates senior mathematics students enrolled in NCEA Statistics & Modelling Level 3

Achievement Standards?

The key objectives of the research were established, first, as being to explore the way in which
senior mathematical students make sense of their experiences within the NCEA qualifications
system. The second intention of the research was to seek understanding of the factors that motivate

these students and to what they attribute their mathematical success.

The research question was developed, following an introduction into the areas of learning
motivation, mathematics, and NCEA. The literature review in the next chapter will elaborate on

these three strands of research.



Chapter Two

Literature Review

2.1 Introduction

The research question for the study is:

What motivates senior mathematics students enrolled in NCEA Statistics & Modelling Level 3
Achievement Standards?

The purpose of the literature review is to explore previous empirical evidence involving the research
strands of motivation, mathematics and NCEA. The review seeks to demonstrate what the wider
evidence shows in relation to the research question, in order to establish what is known and what is
not known about the question. An examination of both theoretical and research literature has been
included in the review. Theoretical literature provides current thinking and theorising on the themes
and research literature describes current knowledge through empirical evidence. The second
intention of the literature review is to locate my research question in relation to the previous

literature.

The literature review was developed by funnelling from the general literature on learning
motivation, through to theories of attribution and self-efficacy, and finally to research specific to

motivation and mathematics and motivation and NCEA.

N 22 4
A 0 4
A
o
~r

Figure 2.1 Literature Review Process



2.2 Motivations for Learning
There is an established library of literature on learning motivations and student motivation

orientations and the effects that these have on student achievement.

Schunk and his associates (2014) define motivated learning as the “motivation to acquire skills and
strategies rather than to perform tasks” (p. 377). When students are motivated they become
interested and receptive learners (Posamentier & Krulik, 2012). Hodis and colleagues’ research
(Hodis et al., 2011) demonstrated that students’ negative motivation patterns were predictive of

underachievement across the final three years of secondary school.

Motivations for learning can be divided into two broad categories: extrinsic motivation and intrinsic
motivation. Extrinsic motivation takes place outside of the learner’s control, for example, rewards,
peer acceptance, praise, and avoidance of punishment. Intrinsic motivation occurs within the
learner, for example, desire for mastery of a subject, competition, to impress others, or a desire to

be autonomous.

In their article summarising the findings from research on learning motivation in mathematics over
the last 20 years, Middleton and Spanias (2002, p. 9) list the following five statements as the “solid,

verifiable evidence on what factors influence motivation” :

e Motivation hinges on how students attribute their successes and failures.
e Motivations are learned.

e Intrinsic motivation is better than engagement for a reward.

e Teachers matter.

e Inequalities are influenced by how different groups are taught mathematics.

| have chosen to focus on how students attribute and interpret their mathematical outcomes and
the influence that this may have on future outcomes. The other four “cornerstone” statements
about student motivation for learning mathematics are referred to briefly throughout the literature

review in reference to student attribution.

When students begin their formal learning career at school they seem to have a natural desire to
learn. Younger children have a high expectation of success and will persist in the face of frustration
and failure. Unfortunately, over time learner resilience diminishes, in the face of perceived inability

or failure, motivation to learn dwindles (Hock et al., 2009; Pressley & Ghatala, 1989).

For the purposes of the study, motivated and non-motivated are not viewed as mutually exclusive

categories, and motivation for learning is perceived to be deeply personal and unique to each
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student and the setting. As argued by Larroa and Jazmin (2013), “human motivation is likely to be

linked to what makes each human being unique” (p. 34).

Middleton and Jansen (2011) suggest that a student’s motivational orientation is a multi-
dimensional inter-relationship between classroom organisation, social setting, teacher enthusiasm,

assessment, the student’s belief about their ability, and the importance of mathematics.

2.3 Attribution Theory

Attribution Theory provides a framework for the inter-relationship between attributions, effort and
achievement. Weiner’s Attribution Theory (1985) proposes that the attributions that people make
for their successes and failures form their emotional and motivational reaction to the outcomes and
their future behaviour. Students may attribute any given outcome to causes such as effort, ability,
assessment, luck or other causes. Attributions are categorised according to their locus, stability and
controllability (Martin & Dowson, 2009). The locus dimension of Weiner’s theory refers to whether
the cause is internal, for example, ability, effort, enjoyment or external, for example, the teacher,
difficulty of assessment, or luck. The stability dimension of Attribution Theory concerns the
constancy of the cause and controllability refers to the student’s perception of how much influence

they have over the outcome.
Table 2.1 Weiner’s Attribution Model summarises Weiner’s original attribution model (1985):

Table 2.1 Weiner’s Attribution Model

Stability Dimension Locus of causality
Internal  External

Stable Ability Task difficulty

Unstable Effort Luck

When students attribute a failure to perceived stable causes, such as lack of ability, they are likely to
lose interest and motivation in the subject, whereas, if they attribute failures to unstable attributes,
such as effort, they are more likely to persevere or try harder (Meyer et al., 2006). If a student
attributes lack of ability as their reason for failing, and they believe that ability is fixed they may be
inclined to not attempt a similar task in the future. A sense of “helplessness” can occur in the
student as they lose hope and stop trying (Yailagh et al., 2009). Conversely, if students attribute
failure to lack of effort, they have an expectation of success if they commit greater effort. This
phenomenon has been described by Dweck (2006) as the fixed mindset and the growth mindset. In

the context of the classroom, one perspective regards intelligence as something that you
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demonstrate, for the other, intelligence is something that you develop. Middleton and Jansen (2011)
summarise the research into student beliefs for their academic success in the following statement
“attributing successes to a combination of the internal factors, namely ability and effort, and
attributing non-success to a lack of effort leads to highly productive academic behaviours and

subsequent performance” (p. 91).

Attributions do not operate in isolation for an individual student. The dimensions in Weiner’s
Attribution Theory are shaped by the feedback and opinions of others. Similarly, the attributions
from significant others can have an impact on students’ future behaviour and emotions. A teacher’s,
parent’s or peer’s inferences about the cause of an event have the potential to influence the
student’s reaction. For example, if a parent attributes a student’s success to excellent effort and
hard work, this can induce positive feelings of pride for the student. Equally, if a parent explicitly
attributes a low achievement outcome to ability, the student may stir up negative feelings of shame

(Martin & Dowson, 2009).

2.4 Self-Efficacy

Attribution has been found to be related to self-efficacy (Shores & Shannon, 2007; Yailagh et al.,
2009). Self—efficacy is the belief that students have in their own capabilities (Usher & Pajares, 2009).
It is the confidence that students have in their ability to achieve certain outcomes. Efficacy
expectations determine the level and duration of effort people will commit in the face of challenge
(Bandura, 1977). Research has established four sources of efficacy expectations: mastery
experience, vicarious experience, social persuasions, and emotional and physiological states

(Bandura, 1977; Fast et al., 2010; Hoffman, 2010; Skaalvik & Skaalvik, 2009; Usher & Pajares, 2009).

The mastery experience is the most powerful source of self-efficacy beliefs (Usher & Pajares, 2009).
When students complete a task, they assess their results and make conclusions about their
competency, alongside objective performance. Success raises efficacy and failure lowers it. However,
once a strong sense of efficacy has developed, the effect of a failure is mitigated (Yailagh et al.,

2009). Mastery success is especially powerful and long lasting if the task is challenging .

Vicarious experience is gained as students compare their success and competency to that of their
peers. By observing others, students make a prediction of their own success based on their
perceived similarities and the perceived competence of the person being observed (Martin &
Dowson, 2009; Middleton & Jansen, 2011). A classroom environment where students learn, share
and encourage each other can promote opportunities for mathematical role models from which

students can gain positive self-efficacy beliefs (Bandura, 1997).
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The social persuasions of others, through encouragement of trusted parents, teachers and peers,
have the capacity to increase students’ confidence in their competency (Usher & Pajares, 2009).
However, unfortunately, social persuasions are more effective in their ability to operate negatively

on students’ self-efficacy (Bandura, 1997).

E