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Abstract 
 

Numeracy has a significant impact on a student’s further study prospects, employment possibilities and 

retention in the workplace. Ultimately, numeracy skills are a necessary requirement for informed, 

critical thinking citizens. This study investigated the journey of a Year 8 cohort, through to Year 9, 

measuring and exploring the impact of a three-term numeracy program intervention. Student numeracy 

was recorded at the end of Year 8, and again midway through Year 9. This numeracy program saw 205 

students sorted into twelve numeracy classes for one lesson per week. Some class groupings targeted 

specific skill deficiencies, and some were streamed to group higher or lower performing students 

together. This research investigated the pre- and post-program diagnostic test performances charted by 

these students using quantitative statistical analysis (comparative means paired t-tests across groups). 

To further explore these outcomes, two teachers were interviewed before and after this numeracy 

program. These interviews addressed the themes of teacher expectation and plans, implementation of 

the numeracy program, and reflection. There is a large amount of literature investigating the effects of 

streaming on student outcomes in numeracy, and it is known to have mixed results. Key themes from 

this literature are student identity, student performance outcomes, and the impact of streaming on 

pedagogical choices. However, there is a gap in the literature addressing streaming by specific skill 

weakness, rather than mean ability. This is an area explored by this research, which finds that grouping 

students according to specific skill weakness, for the duration of a numeracy intervention, does 

remediate those key deficiencies, but possibly at the expense of other skill areas. This research finds 

that streaming lower performing students by mean ability has a strong and positive impact on student 

performance. Conversely, the findings for high-performing students suggest that grouping them 

together, and the teaching and learning experiences that resulted from that, had no measurable positive 

impact on outcomes. This research suggests a need for future iterations of this numeracy program to 

continue to target specific skills, but on a cyclical basis; ensuring that all students are exposed to all 

requisite ideas and skills, benefitting from targeted intervention. 
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Chapter 1: Introduction 
The purpose of this study was to examine the effectiveness and impact, on students and on teachers, of 

grouping secondary school students’ mathematics classes once per week for specialist numeracy lessons 

targeted at identified weaknesses in mathematical skills.  

1.1  Background 

Formative testing is regarded as an effective tool to enhance teaching and learning (Hattie, 2009). While 

formative testing is a valuable tool, information about individual students’ strengths and weaknesses, 

gleaned from assessment practices including but not limited to NAPLAN, must be responded to with 

appropriate pedagogical practices to produce any measurable improvement. The Australian Institute for 

Teaching and School Leadership (AITSL) Standard 1.5 requires teachers to “develop learning activities 

that meet the specific learning needs of students across the full range of abilities” (AITSL, 2014). The 

teachers in this study were given full sets of diagnostic information about the students in their weekly 

Numeracy classes, and were encouraged to address the weaknesses in their student groups using their 

professional judgement to select and implement appropriate strategies to enhance the overall numeracy 

of each student.  

In this thesis ‘numeracy’ follows the definition of The Australian Assessment and Reporting Authority 

(ACARA) as “the knowledge and skills to use mathematics confidently across other learning areas at 

school and in [students’] lives more broadly.” ACARA states that Numeracy “involves students 

recognising and understanding the role of mathematics in the world and having the dispositions and 

capacities to use mathematical knowledge and skills purposefully.” (Australian Curriculum Assessment 

and Reporting Authority, 2018).  This conception of a person’s ability not only to use mathematical 

skills and knowledge effectively, but also to recognise and appreciate the role that mathematics plays 

in the world is reflected in The Program of International Student Assessment (PISA) definition of 

Mathematical Literacy (OECD, 2018).  While this thesis engages primarily with numeracy 

development, it is recognised that Mathematical Literacy (as per PISA’s definition), it almost identically 

aligned. Steen (2001) echoes the idea of numeracy as the application of mathematical skills, where 

mathematics is characterised as an abstract set of fixed rules and truths, whereas quantitative literacy 

(referred to as numeracy throughout this thesis) is the application of mathematical ideas to messy, real-

world contexts; to find solutions, analyse risk and account for countless contingencies. Steen identifies 

that while mathematics and numeracy are inextricably linked, they are certainly not the same thing. 

The teaching of this Numeracy Program took place within the context of streamed classes which were 

formed as a structured part of the school plan to address numeracy weaknesses within the student cohort. 

The terms ‘streaming’ (commonly used in Australia) and ‘setting’ (commonly used in the UK) are used 

interchangeably in this thesis, except where the literature used a particular word. In these cases the 
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words have been retained to provide the more nuanced meaning of the authors (‘streaming’ being a 

more general hierarchical grouping and ‘setting’ referring to groupings for particular tasks).  

While numeracy and mathematical literacy are considered necessary for students to go on to 

function in everyday life, there are clear reasons, beyond this, to help students develop strong numerical 

ability. Enabling students to find success in high school mathematics and numeracy will impact student 

retention through to Year 12 and will impact learning quality in STEM disciplines in the future (Wang, 

2013).  As mathematics is clearly a gateway subject to further studies, it is necessary for high schools 

to teach mathematics and numeracy effectively. Bridging the, often variable, gap between previous 

learning and university mathematics will open doors for many students and help to remediate the 

Science Technology Engineering and Mathematics (STEM) crisis faced by Australian employers, 

universities and Government agencies (Office of the Chief Scientist, 2012). Engineers Australia (2016) 

tells us that there has been a substantial and continual fall in the number of Australian students studying 

higher level Mathematics subjects involving pure mathematics and calculus; for example, Maths C in 

Queensland and Specialist Mathematics in Victoria) in Year 12 with figures dropping from 11.9 percent 

in 2001 to around 8.7 percent in 2015.  The study talks about a ‘remarkably low figure in a population 

of over 24 million people’ (Engineers Australia, 2016, p. 16). They expect the slide to continue and 

they point to the need for a greater number of overseas engineers if insufficient Australian students have 

the appropriate background to enter engineering degrees. The Programme for the International 

Assessment of Adult Competencies (PIAAC) Expert Numeracy Group highlights the rationale for 

numeracy skills acquisition as one of public policy, which is a necessary antidote to underemployment 

and lack of skilled labour in the ‘hard’ disciplines such as engineering, planning and technology. The 

Expert Numeracy Group states that members of the population with lower numeracy skills are more 

likely to be unemployed or require social assistance.  Ultimately, encouraging the development of 

numeracy skills in students will open doors for more students to engage with STEM disciplines during 

their formal education and throughout their lives, which will support economic growth and stability 

(PIAAC Expert Numeracy Group, 2009).  

In the UK a longitudinal study revealed that students, who demonstrated a poor level of literacy 

and numeracy, were by the age of 37, much less likely to be in full-time employment (Bynner & 

Parsons, 1997). These people had an increased tendency to be in part-time employment or unemployed. 

The study concluded that poor levels of numeracy were a stronger determinant of these undesirable 

employment outcomes than poor literacy. Conversely, strong numeracy skills were more correlated 

with full-time, steady employment. These findings are confirmed by PIAAC Expert Numeracy Group 

(2009). 

Queensland students, and adults, need to be capable of applying mathematics to their everyday 

lives. Informed citizens must be numerically literate (Steen, 1999). Steen draws attention to the 
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profound and growing availability of data in all industries and suggests that this places an increased 

demand on people to be able to interpret this information as it is presented in various forms throughout 

advertising, politics and workplaces in general. Steen indicates that this skills demand is devolved to 

educational institutions; for whom numeracy education has become a priority and a responsibility across 

the curriculum.  

1.2 Context  
This study takes place within a non-government boys’ school in Brisbane, Australia. The students in 

the study are in Year 8 at the start of the study and in Year 9 at the end. In general they are at a socio-

educational and socio-economic advantage, with 70% of students’ families lying in the Australian 

economic upper quartile, while just over 1% of students’ families are in the bottom quartile. Around 

5% of the students at this school have a language background other than English (MySchool, School 

Profile 2017). This school is academically non-selective, and as such, student ability and preparation 

for Years 8 and 9 is quite varied. Hence, any intervention program needs to address a wide variety of 

student’ learning needs, including special needs, as well as cater to the full spectrum of student’ abilities. 

Prior to the implementation of the Numeracy Program associated with this study, the only 

specific skill-targeting occurring in classrooms was curriculum and syllabus based. That is, teachers 

were teaching to a Year 8 and 9 Mathematics program that met the requirements of both ACARA and 

The Queensland Curriculum and Assessment Authority (QCAA). Teachers would identify weaknesses 

in their class groups and work on those as the course progressed. An increased emphasis was placed on 

studying for NAPLAN in the months leading up to the national exam. For some students these few 

months would be stressful and daunting, while others viewed it as a waste of time (Howell, 2012). 

Understandably, students either failed to appreciate, or were not given due to time delays, the 

opportunity of the NAPLAN exam to provide them with feedback, and help them to focus in on 

important numeracy skills. The challenge faced by the teaching staff was to design a Numeracy Program 

which would reap obvious benefits for students, without adding to teaching load, or confusing students 

with a blurring of the lines between mathematics and numeracy. The distinction being that mathematics, 

at the middle school level, is a curriculum subject; while numeracy is a skill-set which should be 

delivered, and demanded, through the entire curriculum and across all subjects (ACARA, 2016). 

Over a three-term period spanning the end of Year 8 and two terms of Year 9, students 

participated in their regular mathematics classes as well as once weekly numeracy classes. They 

completed pre-tests and then post-tests approximately 12 months later. Historical data on previous 

students, collected and stored by the school, as well as the data relating to the early phases of this 

Numeracy Program (i.e. pre-testing and mid-point testing), were shared with the teaching team. For the 

purposes of this study, pre-test and post-test student data were reviewed to determine the effectiveness 

of the Numeracy grouping program within the school, and teachers were interviewed to provide further 
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data for the study. The focus of the study is the groupings that comprised the intervention across the 

Year 9 Numeracy classes, and in particular it looks at the impact of the intervention on improving 

students’ mathematical skills, as well as overall numeracy ability.  

While there is a breadth of literature regarding streaming and setting practices in schools, both 

in Australia and abroad, currently there is a deficit in the literature regarding grouping students to 

address specific skill deficiencies. That is, grouping students by ability level has been widely analysed 

and reported upon; however, grouping students to target known and specific numerical weakness (e.g. 

reflection and rotation, or probability and chance) has not been substantively addressed.  

This thesis provides an overview of the research on the numeracy intervention implemented to 

target specific numeracy weakness in Year 8 and Year 9 students; an explanation of the type and volume 

of data which were obtained, and how it was analysed; as well as an analysis of one-to-one initial and 

follow-up interviews with teachers involved in the program. First, this report addresses the context, 

aims, and significance of this study. Next, the literature review examines current research in the area of 

identifying and addressing student weaknesses in Secondary and Middle School mathematics settings, 

and on grouping students according to skill proficiencies. Then the research methodology and project 

timeline are outlined, and the data and teacher interviews are analysed to establish the effectiveness of 

the intervention. Finally recommendations are made in relation to future numeracy interventions. 

 

1.3 Aims & Significance of the Study 

This study investigated the areas of identifying and remedying middle school student weaknesses in 

numeracy skills. Specifically, the strategy of grouping students according to skill deficiency were 

analysed from the perspectives of student data (performance) and teacher expertise (interviews). 

Future iterations of this school’s Numeracy program will be informed by this study. It is 

important to note that this Numeracy study ran in tandem with students’ regular Mathematics classes; 

with the Numeracy lessons occurring twice per fortnight in amongst seven regular mathematics lessons 

which took place in mixed ability class groups. In particular, the study looks at any changes in students’ 

numeracy as a response to numeracy intervention, and this is considered in the face of knowledge that 

future career paths, self-esteem and opportunities for students will be impacted by numeracy skills.  

The specific research questions to be examined are:  

RQ1 – How did the content area-specific groupings and/or the ability level groupings for numeracy 

impact measurable student outcomes? 

RQ2 – How can teacher experiences of the numeracy intervention inform how we might better 

support development in numeracy?  
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To answer these questions, 181 students at a boys’ school in Brisbane were followed through a 3-term 

period incorporating the final term of Year 8 and first two terms of Year 9 using formative testing. The 

Numeracy component of the Year 9 National Assessment Program – Literacy and Numeracy 

(NAPLAN) past papers were employed as the instrument for pre-and post-intervention measurement of 

numeracy levels. The instrument enabled the researcher and the school to use formative testing to 

initially identify specific skill weaknesses, and later to assess the effectiveness of the intervention in 

bringing about changes in students’ numeracy attainment. The intervention will be discussed in more 

detail in the research methodology section.  
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Chapter 2:  Literature Review 
 

In Queensland high schools, numeracy is an increasingly complex issue. Added to the inherent need for 

young people to be able to apply mathematical skills in everyday life is the pressure for students and 

schools to meet state, national and international standards. Two needs, life and external testing, are 

collaborating to heighten the significance of a skill set which was not even named until 1959 

(‘Numeracy’ - Merriam-Webster Collegiate Dictionary, 2017). Numeracy, a portmanteau of the words 

‘numerical’ and ‘literacy’ is widely considered to be the ability to apply mathematical skills and 

knowledge to everyday situations (National Numeracy, n.d.). In large part, it is the responsibility of 

Queensland’s mathematics teachers to develop numeracy skills in their students; albeit, with a view that 

teachers from all subject areas are expected to be teachers of numeracy (AITSL, 2014).  

This literature review will focus upon the factors affecting the development and measurement of 

numeracy skills in middle year high school students and will also look at the effects of streaming and 

teaching methodologies. Although in some areas research is limited, the key themes that this literature 

review will investigate are: 

1) Numeracy and Mathematics 

2) The NAPLAN Numeracy Exam and Pedagogy 

3) Teacher attitudes to NAPLAN  

4) Student attitudes to NAPLAN 

5) Streaming (Setting and Ability Grouping) 

6) Teaching Methodology  

7) Evidence based practice in teaching for numeracy 

 

2.1  Numeracy and Mathematics 
As indicated earlier, numeracy is “the knowledge and skills to use mathematics confidently across other 

learning areas at school and in [students’] lives more broadly” (ACARA, 2018) . Given this definition, 

numeracy can be interpreted as a subset or application of mathematics skills (Norton, 2009). For 

students in many Queensland schools, however, there is a clearer dichotomy. The Queensland 

Mathematics syllabus is delivered in a fast-paced, information rich, cyclical structure, with students 

revisiting hundreds of ideas, at ever increasing levels, at least once per year (Queensland Curriculum, 

2010). The distinction here is that the Mathematics curriculum, though cyclical, also proceeds onward 

and upwards while Numeracy circles back around with smaller incremental levels. Students see 

numeracy content repeated at virtually the same level multiple times. 

Another clear distintion between Mathematics and Numeracy is that Numeracy is (or should be) 

embedded across all teaching and learning domains in accordance with AITSL standards (AITSL, 
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2014). This understanding of numeracy (mathematical literacy) as a general capability across the 

Australian Curriculum, and indeed throughout life more broadly, is reinforced by the definition of 

mathematical literacy proposed by PISA; a person’s ability not only to use mathematical skills and 

knowledge effectively, but also to recognise and appreciate the role that mathematics plays in the world 

(OECD, 2018).  

2.2  The NAPLAN Numeracy Exam & Pedagogy 
The Year 9 NAPLAN Numeracy exam aims, broadly, to assess the Numeracy skills that an Australian 

student should have attained up to the end of Year 8 (ACARA, 2016). NAPLAN Numeracy exams 

exclusively examine last year’s content; that is, the Year 9 Numeracy exam demands no more of 

students than Year 8 content (ACARA, 2014). The 2017 NAPLAN Numeracy exam is 60 minutes long 

and consists of two sections; calculator allowed and non-calculator. In 2017 this exam was held on May 

11th, after two days of NAPLAN testing on Language and Reading (NAPLAN, 2017).  

As well as affording students the opportunity to develop and check their Numeracy skills across 

the four mathematics content areas, the NAPLAN numeracy exam is also a test of language (Quinnell 

& Carter, 2011). Students are required to read, interpret and address problems of varying complexity. 

This is an additional factor to consider when assessing students’ mathematics skills as it could be a 

literacy issue rather than a numeracy issue that is causing errors; accordingly, it is necessary for teachers 

to address this within their lessons. 

Early literature on the impact of 2008 NAPLAN exams suggests that there needs to be an 

emphasis placed on teaching fundamental concepts in Mathematics (Norton, 2009). Norton’s study 

analyses the 2008 NAPLAN Calculator and non-Calculator exam results which were provided by a 

single, outer-suburban Queensland high school; with a cohort of 100 Year 9 students from a relatively 

disadvantaged socioeconomic background. Around half of these students had performed below national 

benchmarks in Year 7. The research also found that categorising NAPLAN test questions according to 

Numeracy content areas was beneficial for schools which chose to use the data to inform targeted 

teaching strategies. Finally, Norton concluded that there was a clear need for secondary schools in 

Australia to develop teachers’ ability to identify and remediate misconceptions in Middle School 

mathematics students. 

2.3 Teacher Attitudes to NAPLAN 

Thompson and Cook (2014) conducted an Australian Research Council (ARC) study (in South and 

Western Australia) which found that just twenty percent of teachers reported that NAPLAN testing had 

a positive impact on teaching and learning for their students. A consistent theme among these few 

teachers was that they had been in an environment where NAPLAN data was used in an informative 

and non-judgemental way. On the other hand two-thirds of teachers believed that NAPLAN was not 
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improving learning; with many teachers failing to see a connection between the NAPLAN Numeracy 

exam, and what was being taught in class.  

The pressure placed on schools by the NAPLAN exam, and the publication of its results, have 

a number of negative consequences. Thompson and Cook (2014) indicate some of these consequences, 

were: the increase in rote-learning approaches; schools ‘teaching to the test’; narrowed curriculum 

focus; increased anxiety in students and teachers; as well as a decrease in student motivation. Thompson 

and Cook cite a 2012 study by the Whitlam Institute, which found teachers were feeling pressured to 

teach to the test, and teachers believed students were anxious.  

With many Australian schools reforming instruction methods to address NAPLAN standards 

(Thompson & Cook, 2014), it is key to consider the impact on, and buy-in of, teachers. Any attempt to 

alter the way in which mathematics and numeracy instruction is delivered by teachers will likely involve 

a significant challenge in the beliefs and attitudes of teachers (Li & Lappan, 2014). Hardy (2015) 

observes, and cautions against, the significant and growing pressure on Queensland teachers and 

principals to create learning environments which are geared towards preparing students for NAPLAN 

exams. Perso (2011) also cautions against aggressive and dedicated instructional strategies geared 

towards NAPLAN preparation, suggesting that curriculum wide and embedded Numeracy practices 

will develop students’ capacities in a more authentic manner. Perso emphasises that NAPLAN data 

should be regarded as “assessment for learning, rather than assessment of learning” (p. 35). The overall 

goal, Perso insists, should be teaching students for numeracy attainment, and this is consistent with 

Norton’s (2009) recommendation to inform teaching.  

Thompson and Harbaugh (2013) studied teacher’s perceptions of NAPLAN testing and found 

that there were statistically significant differences in teachers’ views of NAPLAN across the different 

Australian states. This phenomenon was attributed to variations in classroom culture. For example, NT 

teachers were more likely to use something of a more teacher-centred approach to deliver materials, in 

part as a way of managing classrooms. Another factor that affected teachers’ perceptions was the 

socioeconomic background of particular schools. However, the study concluded that in general teachers 

tended to have a negative view of the NAPLAN, believing that it reduced their flexibility in the 

classroom, obliged them to focus on narrow content, and encouraged a rote-learning or teacher-centred 

approach. 

The concerns of Thompson and Harbaugh (2013), Thompson and Cook (2014), Perso (2011), 

Hardy (2015), and Li and Lappan, (2014), may be addressed by Norton’s (2009) observation that work 

needs to be done to assist teachers in identifying student’ weaknesses and remediating where necessary. 

However, Norton’s suggestion also seems to apply more pressure on teachers as though any fault in 

delivery and outcomes lies with the teachers and their lack of teaching skills. Another possible approach 

was identified by Thompson and Cook (2014) who noted that teachers who approved of NAPLAN were 
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generally working in an environment where the test was used in an informative and non-judgemental 

way. Perso’s (2011) recommendation that framing of NAPLAN assessments should be as teaching for 

rather than of learning also serves to reduce many of the negative effects currently in play. However, 

the fact remains that currently teacher buy-in is low.  

2.4  Student Attitudes to NAPLAN 

Teachers, politicians, bureaucrats, private enterprise and media outlets have been debating the merits 

of NAPLAN since before its inception in 2008, but one stakeholder has had its voice marginalised: the 

students (Belcastro & Boon, 2012). Belcastro and Boon shared the voice of a Year 9 cohort from North 

Queensland; investigating their self-efficacy and reported anxiety as well as studying the impacts of 

performance goals. This study surveyed the cohort of students one week prior to, and one week after, 

the 2011 NAPLAN test. Student responses were collected in three domains: how they saw the value of 

NAPLAN, how prepared they felt, and social and motivational influences. The pre- and post- test 

questions were in direct alignment and therefore could be analysed using a comparative t-test. It was 

found that numeracy programs focussed on raising student self-efficacy were likely to change students’ 

motivations for participating in NAPLAN. Self-efficacy was reported to increase in response to teaching 

methodologies which had a mastery focus; for the skills targeted in the NAPLAN (Mansfield, 2010). 

The study also found that in general, students were strongly motivated by performance goals, both pre- 

and post- NAPLAN testing; a learning orientation which is correlated with more superficial and short-

term learning outcomes as well lack of performance and poor engagement (Mansfield, 2010; Meece, 

Anderman & Anderman, 2006). The performance goal orientation that these students demonstrated with 

regard to NAPLAN leads to avoidance behaviours such as not wanting to ask for help, procrastinating, 

and not engaging with more challenging tasks (Barker, Dowson and McInerney, 2003). 

Howell (2012) shared the voices of 100 students. Among the more alarming, but not 

unexpected, findings were the words of a Year 7 student, 

NAPLAN sucks. It’s rubbish. It’s stupid. There’s no point. (p. 9) 

This student annotates an angry looking drawing with the words ‘bored,’ ‘hard’ and ‘10000 x 10000 = 

the most ridiculous thing.’ (p. 9). A more neutral response from this study came from another Year 7 

student, 

Even though I don’t get the point of NAPLAN, it doesn’t bother me. … I walk in, do the test, 

and walk out. Just like it is a normal day. (p. 8) 

Fifty percent of students in this study reported a negative attitude to NAPLAN. Year 7 students, the 

most senior in this study of Years 3, 5 and 7, reported the most negative attitudes; at seventy percent. 

A Year 7 student from a high socio-economic standard school said, 
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I don’t get the point of NAPLAN. It wastes our time. … We should be learning new stuff rather 

than seeing what we know. (p. 10) 

While NAPLAN is sometimes considered a high-stakes exam (Klenowski & Wyatt-Smith, 2012), in 

large part owing to the publication of results on the Myschool website, students as young as Year 3 

demonstrated knowledge that this exam does not really impact their futures. 

You don’t need to do well in NAPLAN. It doesn’t have an effect on your life. You won’t be like 

homeless if you don’t do well in NAPLAN. (p. 15) 

This knowledge, possessed by some students, could contribute to the repeatedly expressed view; 

‘What’s the point?’  

The literature has demonstrated a clear issue with student buy-in to NAPLAN exams, and the 

related lessons. On the one hand students can reject the process because they see no value in it, and on 

the other hand students can buy-in too strongly to the performance goals and expectations. Under either 

circumstance, student development of numeracy suffers and this has adverse impacts on classroom 

indicators such as engagement. 

Kaplan, Gheen and Midgley (2002) highlight the relationship between classroom goal culture 

and student behaviour. Classrooms operating with a view towards mastery, encounter less problem and 

off-task behaviours from students than do classrooms with performance-oriented goals. This work 

suggests that if students view their time in the classroom as a preparation for a test (such as NAPLAN) 

they will likely be less cooperative and less focused. Furthermore, student attitudes towards 

mathematics such as ‘I feel good about mathematics’ and ‘I can do this’ have a significant impact on 

their success within the subject, and the probability of them choosing to study further mathematics down 

the track (Mensah, Okyere, & Kuranchie, 2013). Liljedahl (2005) highlights the impact that ‘aha 

moments’ can have on a student’s affective domains. Lessons offered to students need to create learning 

opportunities in a positive and supportive environment, and leave students feeling connected, capable 

and supported by their peers and teachers. 

This feeling of connection within and beyond the classroom can have positive as well as 

negative effects. Adolescent students’ self-reported reasons for making mistakes with numeracy 

problems are much more likely to be in the domain of competence, rather than effort. This stems from 

their desire to be accepted by their peers and the teacher (Juvonen, 2000). Juvonen suggests that this is 

because students believe that people are more likely to accept the justification of lower ability, rather 

than lower effort; and therefore they will be liked more. However, this face-saving mechanism might 

serve to prevent students from engaging with and rectifying misconceptions; because they are 

(apparently) not bright enough to understand. Another way that face-saving, and the desire to be 



Grouping Students to Target Specific Deficiencies in Numeracy 

 

22 
 

accepted, can reveal itself is through students lying about or misrepresenting their marks and scores 

(Eriksson, Mao & Villeval, 2017).  

2.5  Streaming (Setting and Ability Grouping) 
Streaming, also referred to as setting and grouping by ‘ability,’ has been the subject of a plethora of 

research studies. Although these terms are sometimes used interchangeably, there are subtle differences 

in meaning. ‘Streaming’ can mean ‘ability’ grouping of students across a whole system. For example, 

students are allocated to one class for all of their subjects. In contrast, ‘setting’ can occur for a specific 

subject or lesson; e.g. stratified mathematics groupings within a year level of a school (Sorenson, 1970). 

The distinction is in whether the scope of the system is wide or narrow. Broadly, the literature finds that 

streaming and setting have little to no effect in some contexts, and significant detrimental effects in 

others. In particular, female students and students from lower socioeconomic backgrounds have been 

found to be negatively impacted by streaming (Ball, Bowe & Gewirtz, 1994; Hargreaves, 1967). 

McDermott (1993) argued that ability grouping creates academic failure, with students at the 

top end feeling pressure to be perfect, and students at the lower end feeling incapable and hopeless. A 

study conducted by Kilgour (2008) mapped the outcomes of setting middle school mathematics classes 

across seven Christian schools in four Australian states. Kilgour found that students who were in mixed 

and lower set groups for mathematics lessons not only had more negative attitudes to their mathematics 

lessons, but also that these attitudes worsened as students matriculated from Year 9 to Year 10. In 

addition to this widening gap between the attitudes of upper set and lower set classes, Kilgour noted 

that lower set students also had less desire to see their classroom change; either through lesson delivery, 

or striving to, themselves, perform well enough to change classes. These students were unhappy in low 

set mathematics classes and had, to varying degrees, accepted their fate.  

Although Kilgour found that students in upper set classes were more likely to be increasingly 

satisfied with their mathematics lessons, it was noted that there was a negligible measured increase in 

student performance within these groups; compared with a marked negative outcome for student 

performance in lower level Groups. Kilgour closed the paper with the searching statement, “It is 

possible an educational practice that is part of the cultural fabric of Australian schools may be causing 

more harm than good” (2008, p. 37).  

Despite the extensive use of class setting in Australian middle school mathematics, there is not 

a great deal of positive evidence to support its use (Zevenbergen, 2001). Zevenbergen highlights the 

propensity of ability grouping to widen the gap between student performances. In particular, students 

in lower set classes face classroom inefficiencies – wasted time – owing to behaviour management 

problems stemming from a higher concentration of disengaged students. In addition to, and as a result 

of this, lower set students acknowledge that they do not get the same opportunities and exposure to 
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higher level work, including accelerated content, as the upper set groups. This inequity was a frustration 

to some of the students interviewed by Zevenbergen. 

A UK based study by Venkatakrishnan and Wiliam (2003) analysed a program which addressed 

this syllabus access inequity by assigning all students a standard target; a specified number of tasks to 

be completed throughout the year, regardless of setting. In this program, teachers showed a reticence to 

move students out of high performing sets – even when the student’s presence within the group was to 

their disadvantage – for concerns of psychological distress and self-image alteration. A key theme to 

emerge from this work was the interaction between setting and student behaviour. The teachers were 

using setting to address problem behaviours, with students being moved out (down) from higher level 

and mixed-ability classes in response to recurrent disruptive behaviours. One teacher even noted that 

after a student was moved out of her class (due to behaviour problems), the student quickly realised 

how difficult it was to learn in a mixed ability class and wanted to be promoted again. This student 

turnaround is attributable to behavioural problems and lack of focus within the mixed ability group, and 

not to the pace of work, since this work program afforded students the ability to work through the 

independently guided program at their own pace with a view to adhering to standard targets. Behaviour 

problems, borne from setting, were affecting student outcomes. As with the work of Zevenbergen 

(2001), Venkatakrishnan and Wiliam (2003) highlight the reality that the school system (in their case, 

the British Government) promotes ability setting, without any criticality, specificity or even, evidence 

that it works. 

Boaler, Wiliam and Brown (2000) corroborate the negative effects of setting through their 

investigation of its impact on pedagogical choices.  In the study, Boaler et al. found that teachers usually 

choose direct instructional transmission methods to teach top sets, wherein the teacher stands at the 

front of the classroom and teaches a specific skill in an explicit manner. These same teachers are 

significantly more likely to choose group based, game based or enquiry methods with middle and lower 

sets. This combination of factors, pedagogical and affective, means that students’ learning opportunities 

and mindsets are being prescribed by set groups. Boaler et al.’s four-year longitudinal study found that 

students in low and high sets are academically disadvantaged by ability grouping. 

In large part, the apparent effects of setting are not necessary results of setting. While factors 

such as instructional choices made by teachers, and the impacts of setting on students’ self-image and 

subject-image have been found to adversely impact academic outcomes (Boaler et al., 2000; 

McDermott, 1993), they constitute confounded variables (with setting). Hattie (2002) refers to these 

known issues as “equity and expectation effects by teachers and other participants” (p. 474). Hattie 

argues that learning environment and the nature and quality of instruction are the true determinants, and 

that setting and streaming merely have a probabilistic effect on these expectation factors. That is, there 
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is very limited, if any, causation between streaming and learning outcomes. According to Hattie, good 

teaching can occur irrespective of class composition. 

Turner (2007) reflects pragmatically on the opportunities and costs (to academic outcomes) 

associated with streaming and setting, and suggests that a new scheme is required for streaming 

students; one which equips students with requisite Numeracy skills, and takes advantage of some within 

class homogeneity, while preventing the creation of negative typecasting in lower academic strata 

students. 

In Singapore, where students consistently chart world-leading scores (Jensen, 2012) for high 

school mathematical ability (in standard exams like PISA), students always have an opportunity to 

level-up within the system, using their abilities combined with hard work and time. The schooling 

framework is built around the notions of opportunity and inclusivity (Ponnusamy & Gopinathan, 2013). 

This system represents one way in which student diversity can be successfully negotiated using an 

educational framework that streams, consolidates and synthesises; giving all students more opportunity 

to be successful, be catered for affectively and intellectually, and ultimately, to achieve their goals. This 

type of schematic approach is worth considering for high school mathematics, as it caters to diversity 

and provides opportunity without, necessarily, conceding any of the academic rigour that is so important 

in Queensland’s students. 

 

2.6  Teaching Methodologies  

Polesel, Rice and Dulfer (2014) argue that NAPLAN has had the effect of causing changes in curriculum 

content and a tendency for teachers to feel pressured to teach to the test. They further argue that much 

of this is because of the public scrutiny that schools come under. High stakes testing in general appears 

to encourage a teacher-centred classroom (Barret cited in Thompson & Harbaugh, 2013) and in fact 

many teachers feel pressured to change teaching styles (Polesel, Dulfer & Turnbull, 2012; Thompson 

& Harbaugh, 2013).   

Comber (2012) reports a school principal as indicating that NAPLAN testing has had a number 

of unanticipated outcomes. The principal said that “schools will be judged in terms of student 

achievement” and goes on to say that this information comes down from the Regional Director and 

Education Minister. Comber says that NAPLAN “unleashes a chain of action at the school level” and 

by way of example, discusses a failing school in which the principal aimed at remedying the result by 

telling teachers to now teach to the test. Then, teacher autonomy suffers as they find themselves in more 

of a rote-teaching, teacher-centred environment (Comber, 2012, Thompson & Harbaugh, 2013).  

Teachers in Comber’s (2012) study also express concern at student anxiety being raised.  
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Hattie (2008) suggests that Direct Instruction is a preferable approach to delivering literacy and 

numeracy. The preferred teaching methodology as well as the numeracy problem is even reported in 

the popular media where we see Queensland academics, Stow and Ridd, from the areas of Molecular 

Bioscience and Geophysics reported as talking about the ‘dumbing down of a generation of Australian 

students’ and ‘substandard skills in mathematics … among many Australian undergraduates’ and ‘they 

can’t do basic mathematics’ (cited in Bita, 2014). Bita (2014) also reports Donnelly, an educational 

expert appointed to the area of curriculum review by the Abbott government, as saying, 

 ‘if it’s not rigorous, and teaching isn’t explicit and well structured, you do get into trouble ... 

 There needs to be rote learning, memorisation and mental arithmetic so it becomes automatic. 

 The fashion for the past 20 years has been very much against memorisation and we need to 

 bring that back.’  

The article also points to the shortage of mathematics teachers and the problem of ‘out of field’ 

teachers standing in. In fact, 40 percent of mathematics teachers in Queensland are not trained to teach 

mathematics; this breaks down to around 30 percent of mathematics teachers in Years 8 to 10 and 

around 12 percent in Years 11 and 12. In support of Donnelly’s stance (quoted above), Norton is 

reportedly critical of teaching methodologies favouring ‘inquiry-based’ learning and believes that there 

needs to be inclusion of drills and memorisation to ensure that children are getting the basics (Bita, 

2014). One argument is that ‘out of field’ teachers are bringing with them their teaching methodologies 

which may be well-suited to other fields, but less so to Mathematics.  

Coming from very different times and contexts, Dewey in the 1930s and Vygotsky (translated 

into English in the 1970s) both have quite different perspectives to add to views on teaching and 

learning. Dewey considers reflective thinking and describes it as “active, persistent and careful 

consideration of any belief or supposed form of knowledge in the light of the grounds that support it 

and the further conclusion to which it tends” (Dewey, 1933 cited in Rodgers, 2002). Rodgers has 

interpreted several factors that characterise Dewey’s concept; three are paraphrased here. Firstly, 

reflective thinking is a way of making meaning, developing a deeper understanding and seeing threads 

of continuity; secondly, it is a systematic way of thinking, and finally, it needs to occur as part of an 

interaction. Providing opportunities in the classroom for students to reflect helps them to process 

information, develop understandings and ideally advance in terms of their numeracy understanding. 

Vygotsky is known for his ‘zone of proximal development’ where, with support, a student can operate 

just above their comfort level in a zone where they cannot yet function independently. He viewed this 

as the key area for instructing and guiding students. Vygotsky’s zone of proximal development (ZPD) 

is widely used as a tool within education in disciplines such as reading, writing, mathematics, and 

learning second languages. ZPD is, broadly, the difference between what a learner can achieve 

independently, and what a learner can achieve with capable guidance from peers or mentors (Chaiklin, 
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2003). The relevance of Vygotsky’s ZPD to this thesis, is in the notion of establishing what the learner 

already knows, so that teachers can appropriately extend upon this with a view to improving student 

outcomes in Numeracy. 

 

2.7  Evidence Based Teaching 

Evidence based teaching is a broad practice that encompasses anything from using data to inform policy 

decisions about curriculum, to a teacher collecting information about their class’ strengths and 

weaknesses to inform practice (Petty, 2009). In evidence based teaching, evidence is collected and then 

used to enhance effective teaching and learning (Hattie, 2005). Hattie cautions against the use of data 

(evidence) to rank schools and teachers. Data, according to Hattie, should not be used to measure 

performance of individuals or groups, but rather to enhance the quality to teaching and learning. This 

is related to Perso’s (2011) observation that NAPLAN is met with low appreciation in environments 

where it is used to measure performance; while the benefits of NAPLAN are observed and enjoyed, 

often, in school communities where it is used simply to inform teaching. Geiger, Goos and Forgasz 

(2015) identify that while evidence gleaned from Assessment Programs such as NAPLAN and PIAAC 

is used widely to inform research, international and inter-school comparisons, this data is not used often 

enough within schools to inform teaching and planning. Numeracy development at a school level is 

identified by Geiger, Goos and Forgasz (2015) as an area in need of greater research effort. 

2.8 Summary 
In this literature review chapter, a range of topics and issues relevant to this thesis were addressed. What 

is clear is that there are often different, and even oppositional, views regarding numeracy learning and 

teaching, and the use of streaming in mathematics and numeracy education. Although the literature 

review is of necessity brief, it does provide a background, and some conceptual tools, to contextualise 

and anchor this thesis. Additionally, the literature reveals a research need around the link between 

national and international diagnostic data, and numeracy outcomes and approaches within individual 

schools. The details of the empirical work that underpin this thesis are now outlined in Chapter 3. 

 

Chapter 3: Research Design and Methodology 
This chapter discusses the research design and methods used in this study. The purpose of the study 

was to investigate the effectiveness, or otherwise, of one approach to addressing numeracy weaknesses. 

The investigation focused on the strategy of initially measuring numeracy ability using NAPLAN data, 

and then grouping students with shared weaknesses in order to target those weaknesses as a part of a 

Numeracy intervention which straddled the last term of Year 8 and the first two terms of Year 9.  
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3.1 Research Design  

The research questions emerged out of the desire to identify, target and remedy student misconceptions 

in numeracy. For example, misconceptions could include the idea that the length of one side of a triangle 

must be the sum of the other two sides, or that one square metre is equivalent to 100 square centimetres. 

The aim was to raise numeracy outcomes across the whole school. Year 9 was chosen as the focus partly 

because an early intervention in Year 9, leading to improved numeracy outcomes, is likely to lead to 

enhanced outcomes in higher year levels as students continue on through the school. This accords with 

an argument by Ryan and Williams (2007) that generic numeracy skills are precursors to student success 

across the mathematics curriculum, the broader schooling curriculum, and for life. Better outcomes may 

lead to greater retention in mathematics subjects and provide the students with more options on exiting 

the school in Year 12 (Wang, 2013). Although it has its problems, it was decided by the school to use 

the NAPLAN tests as the instrument to measure any changes in numeracy as a result of the intervention. 

The primary purpose of the NAPLAN is as a diagnostic tool to inform government and non-government 

authorities about the progress of Australian students in the foundational skills of Literacy and 

Numeracy. Although NAPLAN does not replace on-going assessment, diagnostic and summative, 

which occurs in schools, it is a useful, reliable and valid instrument for measuring student progress in 

Numeracy (NAPLAN, 2017).  

An additional benefit of using NAPLAN  Numeracy papers as diagnostic instruments is that 

two papers of comparable standard – but which contained different questions – could be used across 

time to measure student progress; without revisting effects which could be suffered from, for example, 

having students complete the same task once, and against in nine months. NAPLAN Numeracy Non-

Calculator papers were seleted from 2013 and 2014 as the pre- and post- diagnostic instruments.  

The decision to use a pre- and a post- test was based on two key factors. Firstly, a pre- and post-

test comparison of mean scores enables quantitave analysis to measure program impact. Secondarly, 

the pre- and post-diagnostic test format encourages a responsive teaching methodology. Nibet (2004) 

reports that only around 40% of teachers use NAPLAN results identify struggling students, and only 

22% use these results to inform planning for teaching. White and Anderson (2011) reflect on Nisbet’s 

findings, and identify these figures as a missed opportunity, and add that they find even less evidence 

of secondary school teachers using this diagnostic data to inform teaching.  

This Numeracy Program was designed to encourage teachers and management to use diagnostic 

data gleaned from NAPLAN past papers in a meaningful way, to inform planning. This decision was 

overseen by an interview process, with two teachers, to ascertain teaching practices, as well as the extent 

to which the data provided was relied upon to inform planning. 

In the school, having established the ‘what’ and the ‘who’ of the intervention, it was then necessary to 

establish how to go about it. There were several options including:  
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1. Adding extra numeracy to the normal classwork 

2. Setting numeracy tasks for homework 

3. Grouping students within the classroom according to their numeracy levels 

4. Changing teaching methodologies 

5. Grouping students across the classes according to their numeracy levels 

After much discussion with the co-ordinator and other teacher participants, several options were 

rejected. It was felt that options 1 and 2 simply burdened the students with extra work and would be ill-

targeted. Option 3 led to the concern raised by Turner (2007) that students would be in easily identifiable 

groups and those identified as lower level would be typecast. This left options 4 and 5 or a combination 

of 4 and 5. Option 5 initially had the same shortcoming as option 3 – that students would be negatively 

typecast. In the end this was addressed by obscuring the groupings. It was decided to use a class setting 

approach, but in a way such that students would not be able to identify top and bottom groups per se. 

Norton (2009) pointed out that schools could use data from the results of categorised test question 

content areas to inform targeted teaching strategies. Thus with 12 classes and 205 students the study set 

about creating classes that targeted students’ particular weaknesses, but grouped the students in a way 

that was opaque to the student participants. This is discussed in more detail below in the section on 

assigning Numeracy class groups.  

 

3.2 Research Methodology 

This is a mixed method study based on a form of the Action Research model (McKernan, 2013). Action 

Research requires the identification of a problem, or need for intervention, which is then approached 

with a strategy for remedy, and finally an analysis and reflection on the success, or otherwise, of the 

intervention. In this case, the need to improve student numeracy skills (and the closely associated 

mathematics discipline skills) is the research problem, and one school’s Numeracy Program is the 

intervention. An action research model is well suited to this kind of educational research as it replicates 

the process undertaken by teachers every day and enables a methodical and reflective approach to 

finding a solution. Brookfield (1995) speaks of the importance of critically reflective teaching practices, 

and identifies that successful teachers must reflect critically and then take informed action. This study 

is a systematic approach to a problem, intervention and reflection across a whole year level in the target 

school. The study is a slice of an ongoing cycle of evaluating, planning, taking action and reflecting in 

order to produce better numeracy outcomes. 

In order to maximise buy-in from the students, the rhetoric surrounding this intervention was 

that of growth and opportunity. This approach was informed by Vygotskian proximity; that is, 

challenging students appropriately and just beyond their limits (Vygotsky, 1978). This also served to 

minimise the potentially onerous psychological effects of repeated testing (Belward, Mullamphy, Read 
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& Sneddon, 2007). All involved teachers were briefed on the study, the problem, the approach to 

addressing it, the purpose of the study and the preferred language used in dealing with the problem.  

Quantitative data and analysis was used at the outset to inform numeracy class organisation and 

allocation and after the intervention to provide information on the effectiveness of numeracy classes. 

Specific detail follows below in the section titled – Assigning Numeracy Class Groups. In addition, data 

of a qualitative nature was collected via group interviews which were conducted with two participant 

teachers at the start and end of the intervention. My own diarised reflections also contributed to the 

qualitative data. The interviews gathered rich information about the Year 9 teachers’ perceptions of the 

program and about the various strategies they used in their classrooms. The timelines and sequence of 

the research are outlined in Research Design and Timeline (Table 1). Procedures are elaborated below 

in 3.2.5 Qualitative Data Interviews. The following table shows the sequence of events followed during 

the study and leading to the final submission of the thesis.  

 

Table 1: Research Design and Timeline 

Action Date 

Discussions with Head of Department and participant teachers re possible methods 

of identifying and addressing problem areas. 

July – August, 2016 

Pre-test 

Administer past NAPLAN exam (2013 paper) 

Analyse results to identify student strengths and weaknesses 

September, 2016 

Organise students into Numeracy Groups targeting key skill deficiencies October, 2016 

Assign Numeracy Groups to teachers, providing full student and Group profiles October, 2016 

Interview teachers (pre/early-intervention) regarding their views on the Numeracy 

Program 

November, 2016 

Run once-weekly numeracy classes through Years 8 and 9 (alongside regular 

mathematics classes) 

Nov 2016 – Aug 2017 

Ethics Approval sought through Griffith University February, 2017 

Ethics approval Granted February 2017 

Confirmation of Candidature March, 2017 

Re-test students on NAPLAN (2014 paper) to measure strengths and weaknesses May, 2017 

Interview teachers (post-intervention) regarding their views on the Numeracy 

Program 

May, 2017 

Analyse Year 8/9 data for measurable difference on targeted skills and overall June, 2017 

Submit thesis (Due Date is 30/01/2018) January, 2018 
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3.2.1  Assigning Numeracy Class Groups 

The data collection component of the research project began with 203 of the 205-strong cohort of 

students completing a NAPLAN past paper (2013 Numeracy Non-Calculator). At the time of the pre-

test, which took place on the morning of September 8, 2016, the students were at the end of Term 3 of 

Year 8 and the circumstances of the test mirrored NAPLAN conditions. All students sat in alphabetical 

order in the school exam hall, with appropriate NAPLAN examiner- approved materials (regulation 

pencils, no phones, etc.). Eight teachers, who had been briefed on formal NAPLAN policy and the 

expectations around invigilator-student interaction, circulated the room. The purpose of using the past 

paper was to establish the pre-intervention numerical skills of this group of 205 Year 8/9 students. Test 

conditions were strictly followed in order to maximise reliability. 

Upon completion of the examination, the papers were collected by staff and processed by a 

team of administrative assistants, who checked student responses using a marking key. Each of the 32 

questions completed by each student were coded with ‘1’ indicating a correct response and ‘0’ 

indicating an incorrect (or no) response. These scores were then entered into a spreadsheet.  This data 

was then given to me and shared with the Head of Middle School Mathematics. Each question (1-32) 

was coded into one of four content areas: 1. Number;  2. Space (Geometry); 3. Algebra, Functions and 

Patterns (AFP); or, 4. Measurement, Chance and Data (MCD). ACARA identifies three content content 

areas; Number and Algebra, Statistics and Probability, and Measurement and Geometry. After much 

discussion about our students’ needs, we opted to follow the ACARA NAP Minimum Standards 

(National Assessment Program, 2016). We used only four of the five categories discussed in ACARA 

NAP as the fifth overarches the other four content areas. Allocating questions to content areas was 

achieved using our professional judgement and expertise. There was no disagreement in these 

allocations as NAPLAN Numeracy question content areas are readily identifiable. An example of the 

allocation to each of the four content areas is provided in Table 2 below.  

 

Table 2: Samples questions into numeracy content areas 

Question Content 

area 

Justification 

 

AFP The use of an equation is 

required to solve this 

(Functions). 

150=2x+x, where x is the 

amount of money saved by 

Luke. 
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MCD The student is required to 

make meaning of complex 

data displays (Data). 

 

Space The student is required to 

conceptualise reflective 

symmetry (Space). 

 

Number A NAP minimum standard 

for Year 9 students within 

Number requires that they 

can form an approximation 

or estimate within a 

statement involving 

decimals (National 

Assessment Program, 2016). 

 

Once all 32 questions were coded, we examined the overall percentage score and then assigned each 

student a percentage score in each of the four content areas. This information was used to sort students 

into three categories: overall strong; overall weak; and, specific weaknesses. The specific weaknesses 

were further coded by content area weakness. The only clear content area weaknesses that were exposed 

were MCD and Space. Two Numeracy class groups were created for each of these (four groups in total). 

Class groupings were, in part, dictated by identified weaknesses, but were also subject to timetabling 

constraints. This was because the whole cohort was divided into two separate timetabling lines; meaning 

that any sorting had to occur within the two halves of the cohort. This constraint limited the sorting 

process somewhat, but still readily allowed for students to be sorted into stronger, weaker and specific 

content area groups. To assist with appropriate allocation of students to class groups, two extra classes 

were created; 10 Mathematics classes became 12 Numeracy classes. This enabled greater flexibility 

with regards to sorting students, and of course, smaller class sizes which were expected to support one-

to-one interaction between teachers and students. Not all classes had the same number of students; as it 

is a loose policy of this school to place lower performing students in smaller classes (class sizes are 

indicated in Table 4: Pre-Test Data for 12 Numeracy Classes). Although Hattie (2007) does not consider 

class size to be a significant determinant of student outcomes, it is a commonly accepted view within 



Grouping Students to Target Specific Deficiencies in Numeracy 

 

32 
 

this School’s context that small class numbers are conducive to improved outcomes; particularly among 

low performing students. This view is supported by Blatchford, Bassett and Brown (2011) who note 

that class size impacts student engagement at all levels, but much more dramatically for lower 

performing students. Another consideration here is the impact of class size on pedagogical choices made 

by teachers. Zyngier (2014) asserts that there are clear effects here; teachers of larger classes will be 

more inclined to lecture, and less inclined to wait and probe, than teachers of smaller groups. Hence, it 

is necessary to note that differing class sizes across this Numeracy Program may well have impacted 

pedagogical choices and the richness and specificity of learning experiences (Zyngier, 2014). The 

allocation of teachers to class groups was not performed in consultation with teachers. Teacher-class 

allocations were based on timetabling as well as known skill sets relating to higher and lower level 

students and known preferences of teachers. Teachers who were used to or more skilled at teaching 

higher or lower level groups were allocated to those streams. There was no consideration given to the 

content area-specific skill sets of the teachers involved, as it was assumed that all teachers were more 

than capable of the Year 9 content required. Both the Head of Middle School Mathematics and I were 

current teachers of Year 8 and alongside all of the other teachers involved, we followed the students 

through to Year 9 Mathematics.  

Although worksheets and quizzes were provided for teachers to use at their discretion, no 

controls were placed on their teaching methodologies. As a consistent cultural theme throughout this 

particular school environment, teachers are not mandated to use any one particular method of delivery, 

and are welcome to use their own resources or standard texts and materials at their discretion. However, 

the decision to follow this professional pattern – of teachers choosing their own methods and materials, 

does make it difficult to study the relationship between pedagogical practice and student outcomes. The 

decision was made not to interfere with teaching practice, but to provide materials to all teaching 

participants, so as to minimise the potentially onerous impacts of this program on teaching workloads. 

Another benefit of this decision is that is avoids confounding the effects of variables; the intervention 

(grouping students for a targeted numeracy program), and mandating teachers to change their methods. 

Each teacher was provided with a class list, as well as the data in Table 3 (in Section 4.1 below) 

and a graph depicting their class’ content area specific ability levels (see Appendix C, Figures 4-9) and 

had a discussion with the Head of Department (HoD) about the nature of their class group at the 

beginning of the program (see diarised conversation excerpt below).  

As well as handing teachers a document containing Table 4 and Figures 4-9 (see Appendix C) 

the HoD gave a general indication to each teacher as to what they could expect from their class. For 

example, , 

You have Class 3. They are not good at Space, and you’ll have to do some work on that. As you 

can see from their NAPLAN pre-test results, they aren’t a particularly strong class. There are 
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plenty of worksheets on G-Drive in a folder labelled ‘Space,’ if you want to use them. Let me 

know if you have any issues, and don’t forget that the boys need to practice those 10-minute 

mini-quizzes. They’re in G-Drive too. (LJ Gleeson Diary Entry, Sept 14, 2016) 

On my request, he also provided a reminder at this point about the purpose of the intervention and the 

preferred language being that of skills development and targeting weaknesses (LJ Gleeson Diary Entry, 

Sept 12, 2016). This followed up from several initial meetings that were held with involved staff in July 

and August of 2016. The handover discussion between each teacher and the HoD was brief, informal, 

and occurred during a recess or lunch break. The HoD’s goal was to get the data to the teachers, and 

ensure that they had a clear idea of their role in the numeracy program. All teachers had access to an 

external testing database on each of the students; including Allwell Results (a diagnostic examination 

of students’ general, verbal and nonverbal reasoning skills), ACER Ability Results (depicting students’ 

placement within a normal distribution on domains of mathematical skill, abstract reasoning and higher 

ability skill selection), NAPLAN Results (see Appendix C, Figures 4-9), and Emotional Intelligence 

Percentiles (addressing criteria including understanding others, recognising emotions, reasoning and 

self-management), as well as a Current GPA and Effort Rating (determined by teacher reporting). 

Although, it is reasonable to question whether the teachers had the time to complete reading, and 

reflecting upon, the wealth of data about the new students that comprise cohorts that they would have 

for only one lesson per week.   

Students with the highest numeracy abilities, as measured by the pre-test, were formed into 

Class 6 and Class 11. Table 4 displays their results, which were consistently high and well above 

Queensland State means (See Appendix C, Figures 4-9) on all four numeracy content areas, with space 

being their weakest content area by a small margin. The numeracy program ran with weekly lessons 

occurring from Term 4 of Year 8, 2016 to Term 3 of Year 9, 2017.   

3.2.2  Running the Numeracy Program alongside the Research Program 

Students were then grouped according to their test profiles to form ‘Numeracy Classes,’ which began 

in Year 8 Term 4 and took place once per week, alongside their regular mathematics lessons (9 lessons 

in total per fortnight). These mathematics lessons were delivered to groups of students who were largely 

heterogeneous in terms of ability.  One timetabled mathematics lesson per week was exchanged for the 

Numeracy Program, and students and teachers attended ‘Numeracy’ instead of ‘Mathematics.’ Though 

they were made aware of the key content area deficiencies and overall ability of their students, it was 

up to individual teachers how they managed their classroom and the extent to which they relied upon 

the data from the initial test. In response to a recommendation from the school leadership team to avoid 

burdening teachers with this additional program, the HoD compiled worksheets, quizzes and online 

activities aimed at addressing each content area specifically. Teachers had the option to rely on these 

resources to target specific skills. This was intended to minimise the extra burden on teachers that may 
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result from having to generate additional materials or lesson plans. Unfortunately, this provision may 

also introduce a risk that teachers might make pedagogical choices out of the ordinary for them, for 

example, relying on worksheets just because they are there. 

3.2.3   Post-testing 

The final stage of quantitative date collection involved the administration of a post-test; this time using 

the 2014 NAPLAN paper. The purpose was to see if there had been any movement in test scores and if 

so what those movements were. The test took place at the end of Term 2 of Year 9. Again, papers were 

collected and graded by administration assistants.  Results were again given to me and shared with the 

HoD. At the outset only 203 of the 205 strong-cohort took the initial pre-test. Thus, two students were 

not included in the initial data. While 203 students were placed in classes according to their pre-test 

results, the remaining two were placed by the HoD based on conversations with their previous teachers. 

As the goal of this numeracy program was to increase the overall numeracy ability of the 

students involved, the pre- and post-test percentage score for each student in each content area was 

analysed using t-tests, paired for two sample means. It was necessary to use a paired t-test because each 

data point was paired; a pre- and a -post value representing each student (Rubin, 2012, p.166). Hence, 

any student who did not sit both exams was omitted from this analysis (Cooper, Hedges, Valentine, 

2009, p.400). This removed any problems related to entering 0 representing a non-attempted or incorrect 

answer for those students who were absent. This ensured that their absence did not skew the results 

downwards and inflate the standard deviations. In the end 181 were tracked from the start through to 

the end of the intervention  

 

3.2.4 Analysis of Quantitative Data 

The pre- and post-test student performance data was sorted into an Excel spreadsheet showing student 

identification numbers (which were coded for privacy after determining which students had not taken 

both tests), score on each numeracy content area, score overall and class group. As described earlier, 

the pre-test data was used to sort the class groups at the commencement of the program. Post-program 

analysis was conducted by comparing pre-test data to post-test data. As each student was represented 

twice within the data (pre- and post-), this was paired data. Hence, to compare for meaningful 

difference, a paired comparative means two-way t-test was selected. There was no assumption that the 

program would have a positive or a negative effect, so a two-tailed test was appropriate (Rubin, 2012). 

The null hypothesis for each case was that this Numeracy Program would have no impact on student 

performance data; that is, that the pre- and post- test means would not be statistically significantly 

different. The data used was class, cohort and various group means. Pre- and post-program variance 

considered a useful indication, as it demonstrated the degree to which the groups of students were spread 

out. That is, low variance scores represent consistency among student results, and high variance scores 
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indicate dispersion. Lower variance is considered preferable to student outcomes (where means have 

increased) because it indicates that all or most students are benefiting over the course of the Numeracy 

Program. 

While this program had a dedicated intention of addressing specific content area weakness, it 

was deemed appropriate to rely upon all students overall pre- and post-test results to measure numeracy; 

with the overall goal of this program being to improve student numeracy outcomes. Multiple t-tests 

were performed to address the questions of whether grouping students according to general skill level 

or according to specific skill weakness made an impact on their performance. Additionally, a cohort-

wide t-test was conducted to address whether, overall, these Year 9 students had benefited from the 

intervention. 

3.2.4.1 Measuring the Impact of Grouping Students by Skill Level 

This comparative means two-tailed t-test was performed after sorting the student performance data by 

filtering out all classes that were grouped according to specific skill weakness. That is, only students 

who were grouped in lower ability, mixed ability lower, mixed ability upper, and high ability classes 

were included in this analysis, which compared pre- and post-test performances. 

3.2.4.2 Measuring the Impact of Grouping Student by Specific Skill Weakness 

This comparative means two-tailed t-test was performed on the data for students who were sorted out 

of the previous t-test. That is, students who were in any of the classes created to target MCD (2 classes) 

and Space (2 classes) were analysed by comparing pre- and post-test results. 

3.2.4.3 Measuring the Impact of the Numeracy Program 

The pre- and post- test data collected from all 181 students who completed both exams was used in a 

comparative means two-tailed t-test to determine whether there was a significant difference between 

this cohort’s initial numeracy ability, and their numeracy ability after this program. 

3.2.5  Qualitative Data – Interviews  

Two teachers were interviewed after the class handover, but prior to the commencement of teaching, as 

well as at the program’s conclusion. These interviews formed part of the qualitative data for this study. 

Although richer data could have been extracted through interviewing a greater proportion of the 

teaching staff, a busy work environment with highly involved co-curricular and extra-curricular 

demands placed on teachers made it difficult to request time from them. Also, the scope of this thesis 

did not extend to a comprehensive commitment to interviewing all staff involved. The two teachers 

engaged for interview were the two teachers who were able to commit their time. Additionally, my role 

as a teaching participant is recounted to contribute to the exploration into how this program affected 

student attitudes, and student teacher interaction. 
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Within two weeks of the start of the Numeracy Program, two teachers were interviewed (details 

of interview will be discussed further below) together to determine what their plans were for their 

Numeracy classes, and also to determine the extent to which those plans were guided by the data made 

available to them.  

The questions asked in the pre-program interview were: 

a. Going into this program, what do you know about your specific Numeracy class? 

b. To what extent will you rely on the data that your class comes with? 

c. Do you have any plans for your group? 

d. Are there any strategies you think would work particularly well, or not, for your group? 

e. Is there any further information you’d like to have about your group? 

f. How do you feel about this Numeracy Program? 

The same two teachers were re-interviewed after the intervention.  

The questions asked in the post-program interview were: 

a. How do you feel the Numeracy Program went, for your group? 

b. To what extent did you rely on/refer to the data provided on your class group? 

c. To what extent did you rely on the resources provided to target your group’s weaknesses? 

d. Is there any further information you’d like to have had about your group? 

e. How do you feel this Numeracy Program went? 

f. Do you think students improved in the target areas? In other areas? 

g. What do you think the NAPLAN results will look like for your group? 

Interviews were relatively brief and fairly basic so as to glean valuable information without 

taking up too much of the teachers’ time. They took place on school premises in order to ensure 

familiarity and comfort. Interviews were based on prepared questions and were recorded on computer 

audio. Table 3, below, displays the details of the two teachers who were interviewed. 

Table 3 Teacher Interview: Participant Details 

 Career Stage Qualifications Gender Time at this 

School 

Numeracy Class 

P1 Mid-career Masters in 

Education 

Male 8 years MCD 

Weakness 

 

P2 Mid-career Masters in 

Education 

Female 2 years High ability 
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The HoD, although a teacher within the program, was not present at this discussion interview. 

The reason for this was the possibility that the presence of the HoD could influence and limit teachers’ 

communicative choices. 

My impact on the outcome is likely to be minimal because, although the teachers were possibly 

opening themselves up for criticism or inspection in a sense, my position is not one of authority or 

seniority. I am a teaching colleague at the same level as the other teachers in the intervention. Thus, it 

was more likely to be something akin to the Hawthorne Effect (discussed later) through the presence of 

the study itself, rather than my presence, which may have impacted. 

The pre-intervention questions aimed to probe teachers’ perceptions of and interest in the data 

provided to them about their classes and any materials and strategies they were planning to use with 

their groups.  The post-intervention interview took place after the intervention and prior to the 

availability of post-test results. The questions aimed to uncover teacher attitudes to the intervention by 

asking how they felt about it, what outcomes they expected and the extent to which they had used the 

data and materials that were provided at the outset. Additionally, this interview sought to establish 

whether the teachers perceived that there was anything that could be done to improve the program for 

future iterations. 

After the interviews, the audio was transcribed and then a mixture of content and grounded 

analysis was applied. Content analysis is a broad classification of any kind of organised analysis of text, 

often techniques which occur at the intersection of qualitative and quantitative analysis types (Duriau, 

Reger, & Pfarrer, 2007). The content analysis looked specifically at teacher attitudes to the program, 

the materials, initial plans and outcomes. Specific questions were asked, to target each of these domains 

(questions listed earlier in this thesis). Hence, the information gleaned from interviews was already of 

a sorted nature. Content analysis consists of a broad and flexible range of strategies. Here, transcripts 

were interpreted according to theme, with relevant quotes extracted and listed alongside each theme 

(beliefs, planning and reflection).  The grounded analysis looked for any other observations that may 

have emerged. 

3.2.6  Introducing the Changes to the Students 

It was decided to make little fuss of the program to the students. The changes were presented as being 

quite normal. The new groupings had a numeracy focus which was intended for the benefit of all, and 

no mention was made of streaming or class setting and no confirmation or otherwise was offered by the 

teachers. Classes were numbered 1 – 12 according to the alphabetical listing of the teachers’ family 

names. There was no correlation between class number and student strengths or weaknesses. The 

language used with students initially and throughout the intervention was that of skills development and 

targeting weaknesses. 
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3.2.7 Ethical Concerns 

Prior to the Numeracy Programs, approval was gained through the Headmaster of the School. The 

Headmaster fully and formally supported the Numeracy Program along with the associated thesis. This 

endorsement was necessary to gain ethical approval from Griffith University.  

As no student, or even individual result, was identified in the thesis it was not deemed necessary to seek 

parental approval to conduct the Numeracy Program, or the associated analysis. 

A control group of students was not used as that could have been detrimental to students involved. It 

was felt that no disadvantage would accrue to any of the students in the study as a result of the 

intervention. No student data was used outside the scope of this research or outside the direct interests 

of students.  

Since the interviews were conducted and the audio recorded, it was important to ensure that 

teacher participants understood and acknowledged their role in this project. Participants were provided 

with an Information Sheet (see Appendix A) regarding the project, and an Informed Consent Form (see 

Appendix B). The consent form required participants to sign, indicating that they had read and 

understood the Information Sheet, and that they were aware of the ethics and guidelines relating to this 

research project. Interviewee names were not used in the thesis in order to offer anonymity. Ethics 

approval was secured through the Ethics Committee at Griffith University in February 2017. The 

approval number is EDN/12/14/HREC 
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Chapter 4: Findings 
This chapter presents the findings of the study. Firstly, the quantitative data is presented to address 

whether the numeracy program had a measurable impact on numeracy outcomes for students. Next, the 

interaction between teacher attitudes, classroom teaching strategies, student qualities, and learning 

outcomes is addressed using the qualitative data.  

4.1 Grouping Students According to Pre-Test Results 

The 205 students in this study, originally organised into ten mathematics classes, were re-organised into 

12 numeracy classes for the one additional numeracy lesson each week. Table 3 (below) displays the 

grouping criteria (or weakness) for each of the classes. To allow analysis, these classes are numbered 

1-12. These numbers are not reflective of class setting or ability level; this was partly due to the 

underlying philosophy of the study which was to avoid any stigmatisation of lower performing students 

in particular and partly because it accords with the school’s policy (pragmatically aligned to ease parent 

alarm and competition) to avoid a clear ranking system across classes. 

Table 4: Numeracy Class Groupings 

Class Number Grouping Criterion (or weakness) 

1 General class for struggling students 

2 Measurement, Chance and Data 

3 Space 

4 Mixed Class – lower level 

5 Mixed class – upper level 

6* Top Level Class 

7 Mixed Class – lower level 

8 Mixed Class – upper level 

9* Measurement, Chance and Data 

10 General class for struggling students 

11* Top Level Class 

12 Space 

* Denotes classes for which teacher evaluation contributes to qualitative findings for this study. 

The groupings were based on the results of the NAPLAN pre-test. Results were coded into overall 

strong/weak and specific weaknesses. The classes listed above were created as a result. The test 

identified specific problems in two of the NAPLAN content areas: MCD and Space. Classes 2, 3, 9 and 

12 were grouped according to clear skill weaknesses shared by the students. The remaining classes were 

grouped according to mean numeracy ability, as measured by the NAPLAN past paper results (the pre-

test). This construction allowed teachers to differentiate for numeracy instruction within a narrowed 

band of student ability. In these classes it was likely that students demonstrated weaknesses across a 

number of the mathematical content areas. Table 4 (below) shows the data for each class after the pre-

test.  
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Table 5: Pre-Test Data (mean and standard deviation) for 12 Numeracy Classes based on 2013 NAPLAN 

Numeracy (Non-Calculator) Paper 

 

It is clear from Table 4 that MCD, as well as Space, were recurrent weaknesses for the entire cohort, 

with two specific classes created to address each of those content areas respectively. Overall, students 

tended to be strongest at Number. This is most clearly evidenced by the weaker classes, Class 1 and 

Class 10, which both scored over 10% higher on Number than all other content areas. The Top Level 

and Mixed Ability classes also scored higher in Number than in other content areas. 

4.2  Post-Program Test and Findings 
There were stark differences in the outcomes of the Numeracy Program across classes. Table 5 (below) 

shows the pre-test (2013 past NAPLAN paper) and post-test (2014 past NAPLAN paper) scores for 

each of the classes in each of four skill areas, along with the percentage gains (or losses) after the 

intervention.  

 

Table 6: Pre-Test and Post-Test Data along with Overall Improvement Percentages for 12 Numeracy 

Classes 

Class No. Grouping Criterion (or weakness) Number Space Algebra MCD 

1 (n=9) General class for struggling students 39 

(18.1) 

30 

(7.7) 

26 

(13.8) 

27 

(13.6) 

2 (n=16) Measurement, Chance and Data 65 

(9.9) 

43 

(11.5) 

48 

(9.1) 

40 

(4.9) 

3 (n=11) Space 63 

(14.1) 

41 

(16.4) 

53 

(18.2) 

52 

(12.6)) 

4 (n=14) Mixed Class – lower level 60 

(17.1) 

55 

(16.4) 

44 

(14.6) 

45 

(16.3) 

5 (n=10) Mixed class – upper level 60  

(23.8) 

48 

(20.1) 

54  

(16.4) 

48 

(19.9) 

6 (n=24) Top Level Class 81 

(17.2) 

74 

(17.2) 

80 

(14.0) 

73 

(16.0) 

7 (n=12) Mixed Class – lower level 56 

(20.3) 

54 

(17.9) 

50 

(19.8) 

47 

(16.7) 

8 (n=17) Mixed Class – upper level 76 

(15.3) 

63 

(9.7) 

67 

(15.2) 

61 

(12.9) 

9 (n=16) Measurement, Chance and Data 58 

(11.8) 

38 

(14.1) 

44 

(12.1) 

30 

(5.5) 

10 (n=12) General class for struggling students 40 

(10.6) 

22 

(6.3) 

26 

(9.4) 

26 

(6.0) 

11 (n=23) Top Level Class 85 

(14.4) 

73 

(15.5) 

79 

(14.6) 

79 

(12.7) 

12 (n=17) Space 64 

(9.6) 

48 

(9.2) 

46 

(13.5) 

51 

(7.9) 
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Class 

No. 

Grouping Criterion 

(or weakness) 
Number Space Algebra MCD 

O
v

erall 
M

ean
 

Im
p

ro
v

em
en

t 

   pre post % pre post % pre post % pre post %   

1 

 

General class for 

struggling students 

39 

(18.1) 

46 

(11.6) 
18 

30 

(7.7) 

43 

(11.6) 
43 

26 

(13.8) 

35 

(16.5) 
35 

27 

(13.6) 

46 

(10.1) 
70 42 

2 

 

Measurement, 

Chance and Data 

65 

(9.9) 

48 

(18.3) 
-26 

43 

(11.5) 

48 

(20.7) 
12 

48 

(9.1) 

50 

(23.8) 
4 

40 

(4.9) 

54 

(16.9) 
35 6 

3 

 
Shape 

63 

(14.1) 

61 

(13.8) 
-3 

41 

(16.4) 

50 

(15.1) 
22 

53 

(18.2) 

58 

(19.4) 
9 

52 

(12.9) 

52 

(12.6) 
0 7 

4 

 

Mixed Class – lower 

level 

60 

(17.1) 

57 

(18.3) 
-5 

55 

(16.4) 

48 

(18.1) 
-13 

44 

(14.6) 

50 

(22.8) 
14 

45 

(16.3) 

54 

(17.8) 
20 4 

5 

 

Mixed class – upper 

level 

60 

(23.8) 

70 

(17.8) 
17 

48 

(20.1) 

60 

(18.2) 
25 

54 

(16.4) 

63 

(19.0) 
17 

48 

(19.9) 

60 

(14.6) 
25 21 

6 

 
Top Level Class 

81 

(17.2) 

79 

(15.6) 
-2 

74 

(17.2) 

73 

(16.3) 
-1 

80 

(14.0) 

78 

(22.6) 
-3 

73 

(16.0) 

76 

(14.8) 
4 -1 

7 

 

Mixed Class – lower 

level 

56 

(20.3) 

71 

(14.2) 
27 

54 

(17.9) 

63 

(17.7) 
17 

50 

(19.8) 

67 

(18.1) 
34 

47 

(16.7) 

64 

(13.0) 
36 29 

8 

 

Mixed Class – upper 

level 

76 

(15.3) 

76 

(9.7) 
0 

63 

(12.9) 

73 

(9.1) 
16 

67 

(15.2) 

75 

(11.9) 
12 

61 

(12.9) 

68 

(7.2) 
11 10 

9 

 

Measurement, 

Chance and Data 

58 

(11.8) 

50 

(6.5) 
-14 

38 

(14.1) 

45 

(9.8) 
18 

44 

(12.1) 

47 

(16.0) 
7 

30 

(5.5) 

49 

(4.1) 
63 19 

10 

 

General class for 

struggling students 

40 

(10.6) 

40 

(7.4) 
0 

22 

(6.3) 

40 

(9.8) 
82 

26 

(9.4) 

38 

(9.1) 
46 

26 

(6.0) 

43 

(13.6) 
65 48 

11 

 
Top Level Class 

85 

(14.4) 

84 

(16.5) 
-1 

73 

(15.5) 

77 

(18.1) 
5 

79 

(14.6) 

79 

(22.0) 
0 

79 

(12.7) 

77 

(17.1) 

 

-3 0 

12 

 
Space 

64 

(9.6) 

63 

(8.5) 
-2 

48 

(9.2) 

54 

(10.9) 
13 

46 

(13.5) 

67 

(5.1) 
46 

51 

(7.9) 

64 

(14.6) 
25 21 

 

Classes 1 and 10 were the biggest improvers demonstrating an overall percentage increase in numeracy 

ability, as measured by NAPLAN, of 42 and 48 percent respectively. These classes were created 

specifically for the lowest performing students who were challenged by all aspects of numeracy. These 

two classes made their biggest percentage gains in MCD (70% and 65% respectively). For Class 1, 

along with this 70 percent improvement on MCD came a reduction in standard deviation from 13.6 

percent to 10.1; suggesting that most of the students were involved in this improvement gain. 

Conversely, Class 10 saw the MCD standard deviation rise from 6.0 percent to 13.6. This indicates that 
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a class group which initially shared a common weakness in MCD was now more distributed. A possible 

interpretation of this is that some students improved dramatically, while others remained the same; 

having the effect of dispersing the results across a wide range. 

The third biggest improver was Class 7, a mixed-ability class group formed by lower level 

students (approximately 2rd quartile), who improved by 29 percent overall. Class 7 saw a reduction in 

standard deviation across all fields; supporting an interpretation of a stable improvement across the 

class group as opposed to impressive gains charted by a small number of students within the group. 

The top performers, predictably, were Classes 6 and 11, which were formed wholly from high 

ability students. However, it is noted that Class 6’s overall percentage change was -1 percent, while 

class 11’s was (rounded to) 0 percent. The top groups produced a small decrease in measured Numeracy 

ability over the course of the program. The worst outcomes in terms of numeracy development were 

charted by these two top level classes. For Class 6 the losses were charted in Number, Space and AFP, 

while for Class 11 gains were only achieved in Space. Neither group charted significant means 

movement in Algebra, but both groups saw dramatic changes to their standard deviations on this field, 

increase from around 14 percentage points to 22 percentage points. This suggests a non-homogenous 

class response to the treatment.   

Formed to target clear skill deficiencies in the MCD content area, Class 2 charted a 6 percent 

overall improvement and, impressively, MCD was their strongest content area in the end showing an 

improvement to 54 percent; an improvement of 35 percent compared with their pre-test. Notably, this 

group’s standard deviation on MCD escalated from 4.9 in the pre-test to 16.9 in the post-test. As a class 

that was originally grouped for MCD, they had a consistent weakness there and hence, a low standard 

deviation of scores. However, at the program’s conclusion the significantly larger disparity of scores 

indicates that this was no longer a shared weakness; a number of students had improved while others 

had not.  Of concern as well, is their score in Number, which declined from 65 to 48 over the course of 

the program. The remaining two content areas, Space and AFP netted small gains; of 12 percent and 4 

percent respectively; again charting very large increases, of around 10 points, to standard deviation. 

Class 3 had a demonstrated deficiency at the outset in Space. This class improved the most on 

the Space content area; 22 percent.  The standard deviation in Space scores reduced from 16.4 to 15.1, 

indicating that this improvement was common, if not class wide.  However, the Space content area did 

remain their weakest area, scoring 50 in the post-test while their other content areas were 61 (Number), 

58 (AFP) and 52 (MCD). These students were now more balanced across the four numeracy content 

areas, reflected by closer parity across all content areas, and reduced standard deviations in all areas. 

Class 3 recorded an overall improvement of 7 percent. 

The students in Class 9 recorded an overall increase in Numeracy performance of 19 percent. 

These students performed better on MCD, elevating it from their weakest content area at 30 percent 
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(s.d. 5.5) to their second strongest content area at 41 (4.1). This demonstrates a consistent improvement 

across the group.  

Intended to target the Space, a subset of the Geometry content area, Class 12 charted an 

improvement from 48 (9.2) to 54 (10.9). In Number, their measured ability declined by 2 percent. Class 

12’s score for Algebra improved by 46 percent (s.d. pre-test 13.5, s.d. post-test 5.1), and for MCD by 

25 percent (s.d. pre-test 7.9, s.d. post-test 14.6). 

These results are discussed in substantial detail in Chapter 5. 

4.2.1  Summary of Post-Test Results by Content Area 

4.2.2.1 Number 

Table 6 shows the t-test result for the entire cohort on Number; the cohort’s strongest content area. 

Table 7: Pre- and post-test results for Number (t-Test Paired Two Sample for Means; entire cohort) 

Number  Pre-test Post-test 

Mean 65.30 64.63 

Variance 436.40 390.46 

Observations 183 183 

Pearson Correlation 0.4534  
Hypothesized Mean Difference 3  
df 182  
t Stat -1.4830  
P(T<=t) one-tail 0.0699  
t Critical one-tail 1.6533  
P(T<=t) two-tail 0.1398  
t Critical two-tail 1.9731   

 

The t-test for comparative means on Number (see Table 6) does not support the initial finding (from 

Table 5) that students’ ability on this content area had declined. While the cohort mean reduced from 

65.30 to 64.63, this is not statistically significant at the 5 or 10-percent levels (P=13.98%, using the 

two-tailed t-test as we do not assume positive or negative outcomes for this program). This test does 

not prompt us to reject the null hypothesis, and we find that students’ mean ability on number has not 

changed significantly. As number was not specifically targeted by any one class, nor by the cohort 

overall, it was not expected that a significant difference would be found on this test.  

4.2.2.2  Space 

The cohort’s overall performance, pre- and post-intervention, on the space content area was analysed, 

again using a paired two sample means t-test. Table 7 shows the t-test results. The pre-test mean of 

52.39 improved to 58.50.  

Table 8: Pre- and post-test results for Space (t-Test Paired Two Sample for Means; entire cohort) 
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Space  Pre-test Post-test 

Mean 52.39 58.50 

Variance 457.71 404.83 

Observations 183 183 

Pearson Correlation 0.5671  
Hypothesized Mean Difference 3  
df 182  
t Stat -6.3757  
P(T<=t) one-tail 0.0000  
t Critical one-tail 1.6533  
P(T<=t) two-tail 0.0000  
t Critical two-tail 1.9731   

 

This clear and significant improvement on Space is supported by a finding of P=0. That is, the test finds 

that there is almost no possibility (to 4 d.p.) that this outcome is a coincidence. Student ability on Space 

has very likely increased throughout this program. 

4.2.2.3  AFP 

The AFP content area was not specifically addressed by a class grouping, nor was it emphasised through 

the numeracy program. Table 8 shows the results of the comparative means t-test. 

Table 9: Pre- and post-test results for AFP (t-Test Paired Two Sample for Means; entire cohort) 

Algebra  Pre-test Post-test 

Mean 55.54 61.75 

Variance 486.17 558.96 

Observations 183 183 

Pearson Correlation 0.5513  
Hypothesized Mean Difference 3  
df 182  
t Stat -5.7407  
P(T<=t) one-tail 0.0000  
t Critical one-tail 1.6533  
P(T<=t) two-tail 0.0000  
t Critical two-tail 1.9731   

 

Table 8 shows a significant difference in pre- and post-program mean scores on AFP with almost certain 

confidence (P=0). The pre-test mean of 55.54 rose to 61.75 by the program’s conclusion. Hence we can 

reject the null hypothesis: the numeracy program (and the intervening time) very likely had a significant 

and positive impact on the cohort’s overall AFP competence. However, the variance (as a measure of 

the degree to which student data is spread out; how consistent the class’ performance is) increased 

dramatically between the pre- and post-tests (from 486.17 to 558.96), which is indicative of a greater 

dispersion of student scores at the program’s conclusion. 
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4.2.2.4  MCD 

The MCD content area was a recurrent weakness across this cohort. As such, two specific classes were 

formed to target this content area. It was found in Table 5 that there were varied levels of improvement 

on this content area; with all classes charting positive percentage differences, except for Class 11; a top 

level class. The results of the comparative t-test for MCD are displayed in Table 9.  

Table 10: Pre- and post-test results for MCD (t-Test Paired Two Sample for Means; entire cohort) 

 MCD Pre-test Post-test 

Mean 52.05 61.24 

Variance 454.22 319.26 

Observations 183 183 

Pearson Correlation 0.5225  
Hypothesized Mean Difference 3  
df 182  
t Stat -8.5078  
P(T<=t) one-tail 0.0000  
t Critical one-tail 1.6533  
P(T<=t) two-tail 0.0000  
t Critical two-tail 1.9731   

 

The findings in Table 9 indicate that the null hypothesis can be rejected. Significant and positive 

difference very likely exists between the cohort’s pre- and post-program scores on MCD (P=0). It is 

concluded that student performance very likely improved significantly on MCD over the course of this 

numeracy intervention. 

4.2.2.5  Content Areas Summary 

The statistical results of this intervention are certainly significant and positive on three out of the four 

numeracy content areas. The students’ strongest content area – Number, apparently did not respond 

positively to this intervention.  

To address whether it was advantageous to group students by specific skill deficiency, a 

targeted t-test was conducted using two constructed samples; the Skill Deficiency Target Groups and 

the Ability Groups.  The results are displayed in Tables 10 and 11. 

Table 11: Pre- and post-test results t-test for students storted by specific skill deficiency (4 classes)

Skill Grouped Outcomes  Pre-test  Post-test 

Mean 48.85 54.42 

Variance 95.41 165 

Observations 56            56 

Pearson Correlation 0.399  
Hypothesized Mean Difference 3  
df 55  
t Stat 5.06  
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P(T<=t) one-tail 0  
t Critical one-tail 1.67  
P(T<=t) two-tail 0  
t Critical two-tail 2.00   

 

Table 12: Pre- and post-test results t-test for students storted by ability level (8 classes) 

Ability Grouped  Pre-test Post-test 

Mean 60.14 65.11 

Variance 456.0 380.3 

Observations 125 125 

Pearson Correlation 0.626  
Hypothesized Mean Difference 3  
df 124  
t Stat -5.01827  
P(T<=t) one-tail 0  
t Critical one-tail 1.66  
P(T<=t) two-tail 0  
t Critical two-tail 1.98   

   

Tables 10 and 11 help to address whether grouping students to target specific skills had an impact on 

student outcomes. Both the skill grouped students and the ability grouped students saw significant 

positive changes to their mean output, with the skill group’s mean increasing from 48.85 to 54.42  (P=0) 

(see Table 10), and the ability grouped student’s mean increasing from 60.14 to 65.11 (P=0) (See Table 

11), with both groups improving on their pre-test performance by just under 5 percent. The variance 

and variance shifts, however, are not consistent between the two types of groups. The skill grouped 

students saw their variance increase from 95.41 to 165.0 (see Table 10), while the ability grouped 

students’ variance downsized from 456.0 to 380.3 (see Table 11). These variances indicate that while 

the cohort overall has improved, there was less consistency demonstrated through students’ results for 

the skilled groupings; and more consistency demonstrated by the ability grouped students. The 

distribution of results for all students according to specific skill weakness can be seen in Figure 1, which 

compares pre- and post-test outcomes for these students. 
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Figure 1: Distribution of Grouped by Skill Weakness Student Scores 

 

Figure 1 shows a clear shift to the right, verifying the statistical finding that students had very likely 

improved over the numeracy program. It is evident that many students, who initially scored 50 percent 

or more, shifted their scores higher. However, students scoring between 20 and 40 percent did not see 

much movement; and in fact a handful of students regressed to this level for the post-exam. This created 

a bimodal distribution of results. 

Compared with the distribution for students grouped by ability, Figure 2 demonstrates another 

bimodal distribution; this time the bimodality is exhibited from the pre- through to the post-test. This is 

an expected result because the sorting process saw classes formed from some of the strongest and 

weakest performing students. This figure represents two populations: the low achieving and the high 

achieving. The low-achievers have clearly shifted to the right, altering their median score by around 20 

percentage points. The high-achievers, however, have not shown a great deal of movement. However, 

it is noted that the number of very top students (scoring 100 percent) remained stable, and a handful of 

students progressed from a pre-test score in the 80s, to the 90s. 
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Figure 2: Distribution of Grouped by Ability Student Scores 

As could be expected, the students grouped by ability reveal two clear and distinct populations; low-

achievers and high-achievers; and the lower achievers demonstrated the larger positive shift. A final t-

test was conducted to compare students’ overall pre- and post-results. 

 

Table 13  Pre- and post-test results t-test for whole cohort (12 classes) 

Overall  

Pre-

test 

Post-

test 

Mean 56.32 61.53 

Variance 381.63 341.61 

Observations 183 183 

Pearson Correlation 0.6192  
Hypothesized Mean Difference 3  
df 182  
t Stat 6.6846  
P(T<=t) one-tail 0.0000  
t Critical one-tail 1.6533  
P(T<=t) two-tail 0.0000  
t Critical two-tail 1.9731   

 

Displayed in Table 12, the cohort’s mean score on the pre-test was 56.32 percent, and their mean score 

on the post-test was 61.53 percent. This is a statistically significant mean difference (P=0). Hence, we 

can reject the null hypothesis and conclude that student performance had very likely improved 

significantly at the conclusion of the numeracy program. The overall variance in observations reduced 

from 382 to 342, indicating a decline in dispersion of student scores; a more consistent performance 

across the cohort. The significance of these t-tests will be discussed in greater detail in Chapter 5. 
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4.3  Researcher-Teacher Reflection 

As a teacher in the Numeracy Program, and the researcher investigating this program, my reflection 

forms an integral part of the qualitative findings of this study. The following data is taken from diary 

entries over the course of the intervention. 

4.3.1  Pre-Program Beliefs and Planning for Teaching 

The HoD allocated me to Class 6 - a high-ability Group. The HoD stated that I had received this 

allocation because I had the most experience of the teachers in the study in teaching senior high school 

mathematics, and therefore, have more ‘high level’ resources and content knowledge at my disposal. 

His other idea was that I knew most of the students in this group quite well as around half of the students 

overlap with my regular mathematics class. My initial feeling about this allocation was one of relief, as 

I wouldn’t have to learn the names of 30 students, as well as their learning strengths and weaknesses 

for a once weekly numeracy lesson. It was also likely that there would be fewer knowledge gaps and 

misconceptions to rectify. As I engaged with the data via the excel spreadsheet provided by the HoD I 

confirmed that there was no clear content area weakness within the group. These students scored 70-

80% on all four reported numeracy areas. The data provided did not suggest a clear strategy for 

improving overall numeracy. 

My first step in planning for teaching was to request, from the HoD, the full suite of data on 

my numeracy class, as well as a copy of the pre-test paper (2013 NAPLAN Numeracy Non-Calculator 

Exam). This way I was able to compare student success for each question, instead of content area-based 

aggregates. Informal inquiry with the other 9 teachers in the program indicated to me that I was the only 

teacher to go to this length, in comparing each question’s correct percentage to its content area to 

identify specific weaknesses. Other teachers in the program had given the 2013 NAPLAN past paper a 

quick read through during their meeting with the HoD, and it seems, not thought about it much further. 

As NAPLAN Numeracy papers are written such that the first question is the easiest, and the 

last question is the hardest, there was a predicted decline in my student’s percentage correct responses 

as the paper went on. Immediately though, the number of high ability students who had made mistakes 

in the first ten questions struck me. My professional judgement was that these errors, given the students’ 

ability level, were unlikely to be related to understanding or skill-based errors. It seemed that the 

students were rushing through what they saw as ‘the easy questions’ and making silly errors. This was 

a problem of test-taking skills, and perhaps overconfidence, as opposed to mathematical content 

knowledge. I planned to address this by making mini-quizzes a standard part of every numeracy lesson, 

with an emphasis on either getting 100% right, or more importantly, being able to identify and explain 

incorrect responses afterwards. A phrase I would often use to reassure students, and to open up a 

dialogue after an incorrect response was, “This is what learning looks like.” It was my goal, as much as 

possible, to redirect students’ success focus to a learning focus. 
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The question-by-question data for Class 6 revealed a specific weakness for a subset of Shape - 

reflection and rotation. In designing my pedagogical approach I chose not to include extra work on 

reflection and rotation in my lessons. Instead, I noted when and where these challenges were 

interspersed through the quizzes and worksheets, and made sure to have a conversation with every 

student about their work. My interpretation is that students’ confidence with these questions was 

increasing as the program progressed, although the data eventually revealed no significant change on 

the space content area for this group. 

Two major challenges I encountered in teaching this numeracy class were culture, and student 

honesty. On a number of occasions, I saw students changing their answers to quizzes so that they could 

claim a score of 100%. While it is possible, and in some cases likely, that students can learn from 

changing an answer, it would be more beneficial to accept an incorrect answer and have a conversation 

with the teacher or another student about the work, in an attempt to remove misconception (Butler & 

Roediger, 2008). This competitive behaviour was highlighted when the Academic Dean of Middle 

School came to visit my classroom. Attempting to draw attention to the importance of getting the easy 

questions right he questioned one of the top students about his NAPLAN Practice Exam score. The 

student responded, “I got 29 out of 32, Sir”.  

The student and I both knew that he had in fact scored only 26 out of 32. The pressure on these 

students to perform is immense. I spent a lot of my time in numeracy lessons attempting to redefine this 

culture of performance as it relates to numeracy. In my view, it is very difficult for students to improve 

on a flaw if they are expending energy on covering it up. This issue, and my perceptions of teaching 

one of the classes, are discussed further in Chapter 5.  

 

4.4  Interviews with Teachers 

The overall results of each numeracy class can partially be accounted for by the grouping criteria; 

however, the teaching strategies employed, the attitudes of the students (including classroom behaviour) 

and a range of other factors also contributed to overall student success. Interviews with teachers were 

conducted in order to ascertain the range of strategies employed in each class. The extent to which each 

weakness, amongst the four NAPLAN numeracy content areas, was targeted by the classroom teacher, 

was entirely their decision, and as such this became a key point to explore through interviews. Key 

questions addressed through these interviews were: 

• What strategies did you use in the classroom? 

• How did you feel about the program? 

• Do you think that this program supported numeracy development for students? 

• Would you do anything differently if you had to teach in this program again? 
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• Are there any resources that would have supported you better throughout the numeracy 

program?  

4.4.1  Pre-Program Interview with Teachers 

As was the case with my class allocation, at the outset of the Numeracy intervention teachers were 

allocated to a Numeracy class by the HoD who provided teachers with an Excel spreadsheet indicating 

the students’ scores on a recent NAPLAN past-paper practice exam (NAPLAN Numeracy Non-

Calculator 2013), with responses coded by numeracy content area. The HoD explained the data, and his 

expectations for the program; namely, to improve students’ numeracy ability by targeting weaknesses. 

Resources were also made available and language used to refer to the intervention was reinforced.  

After this handover, two teachers agreed to participate in a group interview to discuss their 

plans and expectations for the program. For the sake of privacy, they will be called Participant 1(P1) 

and Participant 2 (P2). P1was the teacher of Class 9 and P2 was the teacher of Class 11. Three broad 

themes - beliefs, planning for teaching, and practices and reflection were explored through the interview 

process (pre and post program). 

4.4.1 .1 Beliefs 

P1 and P2 were asked what they knew about their class group. Although these teachers expressed that 

they knew most or all of the students’ names, there was limited confidence expressed with regards to 

knowing the students. P1 indicated, 

Actually, I’m not very familiar with this group. … After a few lessons, I should have a better 

idea. 

P2 on the other hand, perceived her group as a homogeneous high-ability group,  

They’re highly competitive boys. The ones I know are, anyway. 

In my case around half the students were known to me. I was aware that my students were also a 

homogenous high-ability group.  

4.4.1.2  Planning for Teaching  

P2 discussed plans of challenging work, fast-paced quizzes and problem solving challenges offered by 

Cambridge; an online resource. She somewhat discounted the information provided by the HoD saying,  

It’s a top group. The HoD said they’re a top group. 

P1 on the other hand, stated that he intended to look at the data before he planned his lessons. This was 

the only time P1 referred to the data. P1 deferred to the HoD’s interpretation of the data when he said, 

They’re not a strong class, that’s what the HoD told me. 
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During the interview, P1 mentioned his class’ specific weakness with the MCD content area twice. He 

expressed a clear plan to use the worksheets that the HoD had put together to target MCD. These 

worksheets had been compiled by the HoD by using key search terms such as ‘Measurement’ and 

‘Probability,’ and then inspecting and filtering to find appropriately targeted worksheets. The searching 

and filtering was conducted on TES (www.tes.com), a crowd-share website with thousands of 

worksheets and activities contributed by teachers from around the world.  

Both teachers adopted a ‘wait and see’ approach, although P2 had plans to provide challenging problem 

solving, and use competition as a motivator. P1’s only concrete plan was to use worksheets and, ‘See 

how it goes.’ 

4.4.2  Post-Program Interview with Teachers 

The two teachers, P1 and P2, were re-interviewed at the conclusion of the Numeracy Program after the 

NAPLAN post-intervention exam in May. Neither teacher was aware of their students’ results at the 

time of this second interview.  

4.4.2.1  Practices and Reflection  

P1 and P2 provided vastly different reflections on the Numeracy Program. The one consistency was 

that both teachers were confident that students’ scores (and therefore by proxy numeracy ability) would 

have improved by the program. P1stated that his students,  

definitely improved at measurement and probability,  

and that,  

[the results] won’t be amazing, but they’ll definitely be much better than before.  

P2 said, 

The scores are definitely going to improve. We did lots of practice. 

P1 took on-board the HoD’s advice that his students needed to work on MCD. He expressed that his 

lessons consisted of completing worksheets, which were provided, targeting measurement and 

probability. If there was time left at the end of a lesson, P1 would assign his students to a 10 Minute 

NAPLAN Style Quiz (also provided by the Department). The potential limitations of the use of 

worksheets as a pedagogical approach are addressed in Chapter 5 

We worked really hard on targeting the MCD [content] content area – because the HoD said 

that’s what they needed, 

Later, P1 clarified,  

I’m not sure about the other areas. We didn’t do too much algebra, for example. But, I, uh, I 

know that was covered in the regular lessons too. 

http://www.tes.com/
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It is clear that P1 was relying on the regular mathematics lessons to consolidate the full breadth of the 

numeracy content areas. P1 saw his task as a clear mission to improve students’ MCD capabilities.  

P2 was not so heavily influenced by the guidance of the HoD, or the descriptors in the data package. 

When asked to what extent she relied on the data, she said,  

Oh, I don’t know. It really doesn’t take very long to, um, work out that it’s a very bright group 

of boys. 

This interpretation i.e. that she had a high ability class; clearly directed her teaching strategies. In the 

pre-program interview, P2 had expressed that she was excited to engage in challenging problem solving 

– extension work – as well as rely on the competitive nature of the boys to get the best out of them, 

while developing their numeracy ability. However, throughout the program, these strategies were 

tempered by issues with behaviour and ego amongst her class.  

It was really up and down! Some days, the boys, they enjoyed the challenges; other days they’d 

just complain about NAPLAN practice. Really frustrating! The boys lied, they cheated about 

quiz results; wanting to be top of the class every time. … They’d tell me, it’s too easy… or … 

boring. I don’t know … I was pretty disappointed really.    

It was clear that P2’s class had not responded well to the challenges presented, and she was frustrated, 

I think it was, kind of, interesting. But, I don’t think all of the boys responded to the challenges 

very well.  

P2 did use the 10-Minute NAPLAN quizzes provided; but she felt that they weren’t very challenging 

for her students. When asked whether they would have liked more information on their students, at the 

outset of the program, both teachers agreed that there was nothing extra they would have wanted to 

know. 

4.4.3  Analysis of Interviews 

P1’s beliefs about his class were quite straightforward, seeing that his students needed to improve their 

skills in the MCD numeracy content area. Similarly, his planning for teaching was clear - use the 

resources provided by the HoD to target the students’ weakest content area. This whole process for P1, 

was specific and logical, and involved using the worksheets to target the skill. Although P1 conceded 

that he did not do a great deal of work on the other numeracy content areas, he was optimistic and 

positive about overall outcomes for his class. 

P2’s beliefs, as well as her plans, were less tangible than P1’s. She knew that she had a bright 

class and wanted to challenge them and encourage competition. Although she had planned specifically 

to use nRich Challenges, through Cambridge, the material wasn’t met with the enthusiasm she had 

anticipated. It was clear that P2 had been frustrated at times with her class. Her students’ competitive 
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characteristics had led to them lying about scores and changing answers, and students were apparently 

more concerned with results than the satisfaction and challenge of learning. Undoubtedly, this made it 

difficult for P2 to address skill weaknesses and content misconceptions within her class group, as 

students would conceal issues thus making them harder to address. 

In both pre- and post-interviews, P1 and P2 were unable to clarify how they used the data 

provided about their class. Further, when asked if there was any additional information they would have 

liked to have had, they immediately commented, “no, not really”. It is possible that there was an 

oversaturation of information provided, and that for this reason the teachers weren’t able, or inclined, 

to engage productively with the data. This does not necessarily discount the usefulness of the data 

provided, rather both teachers chose to rely on the summary explanation provided by the HoD (which 

was clearly based on the data), as well as their professional judgement and instincts. 
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Chapter 5:  Discussion 

5.1 Introduction 

The rhetoric surrounding the model for this Numeracy intervention was one of growth and opportunity, 

informed by Vygotskian proximity - that is, challenging students appropriately and just beyond their 

limits (Vygotsky, 1978). This is in deliberate contrast to the high stakes test environment that so often 

comes along with NAPLAN. The aim was to minimise the potentially onerous psychological effects of 

testing (Belward et al, 2007). The numeracy intervention aimed to access the benefits of class setting 

and of student’ homogeneity, without paying the costs of damaging student self-image and classroom 

culture. The intention was that students would not be in a ‘lower class’ or a ‘higher class’ but would 

simply find themselves in a new class and with a shared learning goal. This was a decision taken in 

response to the work of Kilgour (2008) and Turner (2007) which identified that damage can be done to 

a student’s academic outcomes through their awareness of being placed in a lower stream. Turner (2007) 

identified some positives and negatives emerging from streaming mathematics classes, and suggested 

that a new scheme might be developed to access these positives without typecasting less numerically 

able students.  

Ball, Bowe and Gertwitz (1994), and Hargreaves (1967), found that streaming has a stronger 

and more detrimental impact on students from a lower socio-economic background, and on female 

students. There was negligible risk of this program having deleterious impacts through imposed 

streaming class setting arrangements because the school involved is an all-boys school with a range of 

students from a fair to very high economic background (see section 1.2 Context). 

For the students in this study, and particularly towards the end of the program (Term 2 of Year 

9), the looming threat of the actual NAPLAN exam was inescapable. While the emphasis of the 

numeracy intervention was to develop skills and address student misconceptions in Numeracy, the 

purpose of these lessons was mixed, at best, for students and for teachers. Perso (2011) cautions against 

teaching to the test and strongly recommends teaching for numeracy attainment. This philosophy was 

adopted by the teachers in the study, including the two interviewees, who consistently used the language 

of skill development and targeting weakness (as evidenced by their interview responses). However, 

given the broader context of a determined academic school environment, the wide publication of school 

results, and interschool NAPLAN competition (made plainly clear to students at cohort assemblies), 

there would always have been some element of test preparation clouding this numeracy intervention’s 

purpose. 

5.2 RQ1. How did the content area-specific groupings and/or ability level groupings 

for numeracy impact measurable student outcomes? 
The results of the Numeracy Program were positive. While it appears that targeting specific skills 

improved those content areas, it seems as though the other (non-targeted) content areas may have been 
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neglected for these class groups. This conclusion was evidenced both through the quantitative findings 

and teacher comments extracted from interviews. This is a suspicion which was supported through 

interviews; particularly with the teacher of an MCD class. The data, too, displayed mixed results, for 

these pupils, on the non-targeted content areas. The four skill-targeting class groups (two for MCD and 

two for Space), all moved backwards in their performance on at least one other content area. This is 

notable because, of the 12 classes, only three others charted negative gains for  a specific content area; 

the two top level classes, and one mixed ability – lower level class. Low performing students appeared 

to benefit from being grouped with other, like-students for one numeracy lesson per week. However, 

confounding effects of class size and pedagogical choice are noted. Conversely, high-level students did 

not appear to reap any benefits from such groupings; but rather, their scores declined (See Table 6 – Pre 

and Post Test Data).  

5.2.1 Achievements for Students from Key Sub-groups and the Overall Cohort 

It was expected that this Numeracy intervention would develop students’ numeracy skills. The 

unknown, here, was whether grouping students according to their demonstrated proficiencies would 

better support learning in all cases, in some, or in none. NAPLAN past papers, used to measure students’ 

pre- and post-program numeracy ability, provided a measure for the program’s effectiveness for the 

various groups of students. Those groups were students who struggled with MCD; students who 

struggled with Space; students who struggled in general; and, students who excelled with all or most 

numeracy indicators. 

It is interesting to note that the highest and lowest improvement outcomes were charted by 

‘ability grouped’ classes, as opposed to those formed to target specific skill weaknesses. Preliminary 

interpretations indicate that skill-targeting works for those content areas, but at the expense of other 

content areas, while ability grouping seems to have a more positive impact for weak students, and a 

negative or negligible impact for strong students; a finding which is confounded by varying class sizes 

within the study. Standard deviations represented within the data are meaningful as they demonstrate 

whether mean movements shown are indicative of whole-class gains or losses, or perhaps just a small 

number of students struggling to overcome misconceptions, or conversely a small number of students 

charting very dramatic improvements. It is important to remember that any increase in student 

performance is not necessarily attributable to the Numeracy intervention, and there are a range of 

confounding variables (e.g., it may just be an effect of schooling or time). It is accepted that young 

people gain knowledge and skills over time. As class and cohort means are used as a performance 

measure for the purposes of this thesis, it was prudent to consider also the variance in student scores. 

Albeit an opaque measure of individual student outcomes, variance does communicate whether a class 

mean has improved (or dropped) because the entire class has, or whether the mean has improved (or 

dropped) because a small number of students have performed extremely differently. Particularly in 
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cases where the mean has risen considerably, it is desirable that the variance has either stayed the same, 

or decreased; meaning that all or most students have benefited.  

5.2.1.1  Numeracy Classes Targeting MCD and Space 

The quantitative findings for the groups formed with a specific weakness in mind were the most 

interesting. These groups’ performances improved dramatically in the targeted area, but either stayed 

the same or declined on the other numeracy content areas. The 35 percent and 63 percent improvements 

in MCD scores for Classes 2 and 9 respectively came at the expense of mixed results across the three 

other content areas. Class 2’s result on Number declined by 26 percent, and Class 9’s, by 14 percent. 

While the targeted content area improved, there were dramatic losses in a non-targeted content area. 

Overall, though, both classes improved, with Class 2’s overall improvement increasing by 6 percent, 

and Class 9’s by 19 percent (supported by a massive 49 percent gain in MCD - the targeted content 

area). The interview data supported a notion that teachers of content area specific groupings may have 

over-emphasised student development in this one area, while overlooking broader facets of numeracy. 

Hence, the interviews supported the statistical findings of benefits in the targeted areas, and nil or 

negative outcomes in other areas. This outcome suggests that while targeting specific skills can have 

dramatic impacts on those skills, it might not support optimal progression across all numeracy content 

areas. In saying that, the cohort’s overall output on MCD improved by around 6%, which was a 

statistically significant difference. However, this minor success is tempered by the reality that students 

would normally be expected to gain skills over an extended period of time, regardless of the 

implementation of the intervention. 

Numeracy abilities relating to space, including shape, reflection and rotation, were the focus of 

Classes 3 and 12. While Class 3 improved performances in Space by 22 percent, and Class 12 improved 

by 13 percent. Both classes charted small losses in Number. Class 3 improved on their AFP content 

area performance by 9 percent, and Class 12 by 46 percent. Overall, Class 3 improved by 7 percent and 

Class 12 improved by 21 percent. The gains made by Classes 3 and 12 served to support the cohort’s 

overall gains in Space from 52.38 percent to 58.50 percent (statistically significant gains). 

The quantitative results indicate that targeting a specific skill within a homogenous group, once 

per week, over a three term period is a successful strategy for developing numeracy in that area. 

However, the development in the targeted area may come at the expense of loss of opportunity to 

develop the other non-targeted areas. For the cohort overall, significant change was demonstrated in the 

pre- and post-program tests for Space. 

5.2.1.2 Numeracy Classes Targeting Lower Ability Groups 

The groups that saw dramatic improvement throughout the intervention were the classes which had 

recorded the lowest pre-test scores. Classes 1 and 10 improved by 50% and 34%, respectively, overall. 

This finding supports a conclusion that placing struggling students together, in small class groups 
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(n=12) can have a significant impact on their performance (Zyngier, 2014). However, it is important to 

note that students who performed relatively poorly on the initial test had the greatest scope for 

improvement. That said, this conclusion could be contrary to the body of literature which suggests that 

placing students in low-ability groups can have a negative impact on self-image, and hence, learning 

outcomes (see Boaler et al. (2000), McDermott (1993), and Turner (2007)). It is also possible that the 

students in these groups did not recognise that they were in a lower group and / or felt others would not 

be able to identify their group, and felt no particular stigma.  

5.2.1.3 Numeracy Classes Targeting Higher Ability Groups 

Neither of the high achieving classes, 6 and 11, charted performance gains; with the mean score in Class 

6 declining by 1 percent and in the mean score in Class 11 remaining almost constant. This is strong 

evidence to suggest that grouping high achieving students together, through this numeracy program, 

was not conducive to their numeracy development. This is an outcome that is supported by Boaler et al 

(2000). Factors such as student expectations, teacher expectations and student-student and student-

teacher interactions will have impacted the outcomes for these groups. The other impact is the apparent 

strong perception by these groups, despite our best efforts, that it was essentially NAPLAN practice 

meant that there was limited buy-in from these groups (Perso, 2011).  

5.2.1.4  The Whole Cohort 

There are two issues that are worthy of consideration here. First, that an increase in numeracy scores 

would be expected over a three term period even if the intervention had not been attempted (an effect 

of schooling). Second, there is the question of the reliability of the NAPLAN as a measure of 

improvement. It has been assumed in this study that NAPLAN, as an Australia-wide test, has been 

sufficiently tested and scrutinised to ensure a high degree of reliability to enable its use as a tool to 

measure pre and post-intervention changes. 

There is an across the board identifiable upward movement of student scores from 56.32 (pre-

test mean) to 61.53 percent (post-test mean). However, some student groups demonstrate stronger gains. 

The upward movements may be an outcome of the intervention, but equally, they may be partly or 

wholly attributable to an expected increment over the three term period even if no intervention had been 

applied. If this were the case, then it is likely the intervention will have impacted students more 

homogeneously across the cohort, independent of class groupings. However, the teacher is an unknown 

variable here. The intervention appears to have improved student scores, albeit conservatively, across 

the board. The biggest performance shifts were recorded by the low-ability student groups, and the 

majority of students who were grouped by specific skill deficiency (see Figure 1). 

The intervention appears to have contributed somewhat to putting the students into a position 

where better outcomes could be expected. Some of the concerns related to the increasing need for 

numeracy to enable job-retention and to enable a variety of STEM related careers have been remediated 
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through the removal of skill deficiencies, and a stark improvement in the lower performing students’ 

overall numeracy.  

Once we look at the grouping-based results, the picture is clarified. Overall, it was found firstly, 

that higher level students did not benefit. Secondly it was found that for those students for whom a 

specific skill was targeted there were substantial impacts on those skills. Overall, however, numeracy 

gains were not statistically different from those achieved by the ability level group students. That is, the 

ability grouped cohort and the skill deficiency grouped cohort improved around 6 percent respectively, 

and with similar levels of significance. The biggest success story was seen, contrary to the literature, 

with lower level students for whom the intervention had large positive outcomes across the content 

areas.  

 

5.3 RQ2.  How can teacher experiences of the numeracy intervention inform how we 

might better support development in numeracy?  

Many factors impacted the Numeracy intervention program including teacher disposition, teaching 

methodology, teaching competence and student behaviour and buy-in. 

5.3.1  Beliefs and Planning for Teaching 

P1 felt a sense of purpose and quickly accepted his mission and set about achieving it in a focused 

manner. While this had positive outcomes for the targeted content area, it did not consistently support 

student development across all numeracy content areas. P2 began the intervention with a great sense of 

being ready for the challenge and was quite enthusiastic, but the practical reality of behavioural issues 

impacted and she soon changed direction in her teaching style.  

As a teacher in this program, I too began with a sense of enthusiasm and plans for materials 

and approaches, but was quickly met with student scepticism. At the outset I did more preparation in 

terms of scrutinising and analysing pre-test outcomes than the other two interviewed participants. This 

informed my skill targeting with increased specificity. For example, I identified symmetry, rotation and 

reflection as areas of weakness within space. This led to one-on-one conversations with students when 

these types of questions came up, enabling me to provide a rich learning experience for my students. 

There were clear benefits from this approach, but while following through on these plans, like P2, in 

terms of teaching strategies, I quickly adapted and modified much of my approach.  

In sum all teachers from whom the qualitative data was derived were enthusiastic at the outset, 

but two of us quickly reviewed plans and adapted our teaching style. We reverted to a more teacher 

centred approach more like that advocated by Hattie (2008) and Donnelly (cited in Bita, 2014). P1 relied 

consistently upon worksheets throughout the program as a key element to his lesson delivery, while P2 

and I both utilised worksheets to an increasing degree as the program went on. This variation in 
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pedagogical approach was accepted and encouraged by the HoD, who had issued worksheets to ensure 

that the onus was not necessarily placed on teaching participants to create resources and ideas. These 

worksheets, eventually used in all three classrooms, have the unintended impact of isolating students 

from their teachers and peers, and reducing opportunities for interaction and feedback (Reynolds & 

Muijs, 1999). This lack of collaboration as well as the fact that there is generally only one way to reach 

a correct answer are negatives of using worksheets, yet teachers still use them as they solve logistical 

classroom problems such as enabling the teacher to work intensively with a small group of students 

while the others work on level-appropriate materials (Ransom & Manning, 2013). In the case of P2 and 

myself, we found the classroom easier to manage once the worksheets were introduced.  

5.3.2 Practices and Reflection 

While the negative and mixed impacts of streaming and setting have been reported by Boaler et al. 

(2000), McDermott (1993), and Turner (2007), these findings are tempered by the work of Hattie 

(2008), who suggests that it is not streaming, or the type of colleagues a student keeps, that is harming 

academic outcomes but rather instructional choices made by teachers (often in response to class 

composition). According to Hattie, good teaching – and therefore positive outcomes for students, will 

occur irrespective of class composition.  

Although the pedagogical approach employed by all teachers in the study is not known, the 

teacher of class 2 (P1), expressed that he had used a teacher-centred approach, supported by worksheets 

to target his class’ specific weakness. P1 would do a short demonstration, hand out a clear and structured 

worksheet, and later go through the answers with his students. This “I DO, YOU DO” method of 

instruction is a subset of Direct Instruction - a pedagogical approach that Hattie rates at an effect size 

of 0.6 within his ‘zone of desired effects’ (Hattie, 2008). The classes were successful at rectifying the 

weakness, but had mixed impact on students’ other numeracy content areas. It is possible that the clarity 

of purpose, for both the teacher and the student group, improved metacognition and provided a sense 

of purposive activity within the lessons (Artz & Armour-Thomas, 1992). This would support positive 

student behaviours and attitudes to learning. Kaplan, Gheen and Midgley (2002) emphasise the 

relationship between classroom goals and student behaviour. They propose that classrooms (and 

teachers) which operate towards mastery goals, as opposed to performance-oriented goals, are less 

likely to encounter student disruptive behaviours.  If students see the classroom as a place to learn, 

improve and master numeracy, the teachers will encounter less disruptive behaviour and the class will 

be better able to focus. In this study, P1 focussed on mastery of MCD numeracy skills, and he was 

developing students in this area.  

P1 indicated during the post-program interview that he had either not used the data provided, or not 

used it a great deal. He did, though, rely on the interpretation of the HoD: 
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We worked really hard on targeting the MCD [content] content area – because HoD said that’s 

what they needed. 

A consequence of this is that P1 was unaware of the full richness of the dataset, which could have 

revealed which questions specifically students struggled with the most, whether it was all aspects of 

MCD that students were weak at, and also whether there were any other hidden content area 

weaknesses. Greater use of the dataset may have enabled more deliberate targeting and could possibly 

have further improved students’ overall performance. 

Conversely, whether by coincidence or more substantive pedagogical correlation, both myself 

and the other teacher of a high ability group (P2), made the choice to approach our lessons with inquiry-

based models. P2 used unfamiliar high-level problem solving to extend her group, while I took to new 

technology and graphing tools, which I required the students to use to explore their understanding of 

shapes and symmetry. Hattie (2008) rates inquiry based teaching approaches lower than direct 

instruction, with an effect size of 0.4, meaning this outcome is typical of any teacher in any classroom. 

Of course, Hattie’s results need to be considered with some caution, but nevertheless they provide an 

interesting perspective on the findings here. 

While it is not possible to determine whether the class groupings influenced teaching decisions, 

it is evident, from my experience at least, that though I had originally chosen an inquiry-based approach, 

in the end I leaned away from inquiry type lessons and towards a test-teach-test method of instruction. 

My key reason for this was lack of student engagement. This, of course, could be also due to site-based 

phenomena (e.g., student expectations and usual ways of working), and clearly this requires further 

investigation. 

In this section I will report the performance outcomes for this group, as well as reflect on my teaching 

strategies and interaction with the numeracy program. 

An initial aim was to identify each student’s weak areas and have an individual discussion with 

each one as and when the relevant material occurred in the class. I was aiming to encourage them to 

reflect (Dewey cited in Rodgers, 2002) and hopefully, given Vygotsky’s (1978) concept of proximal 

development, enable them to develop an understanding of the material and concepts that had previously 

eluded them. Using the data provided I identified and noted the weak areas in each student’s data. While 

there is no specific evidence that the one-on-one conversation had an impact, Artz and Armour-Thomas’ 

work (1992) would support the expectation that these interactions would increase the students’ 

metacognition, confidence and rapport with the teacher. These are all factors which would support 

performance. 

In reviewing the pre-test and other data, to gain a clearer idea of these student’s competencies, 

I gleaned two additional pieces of information, which would influence my teaching choices. First, these 
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were very bright students who would make mistakes on easier questions, before racing through to do 

very well on the more complicated questions. This, according to my interpretation, was an issue of test 

taking strategies, particularly timing and self-criticality. The second issue identified was content 

specific. Around half of the students in this group had made mistakes on questions involving symmetry 

and rotation, in two and three dimensions. Accordingly, I went into my first numeracy lesson with a 

clear plan: I intended to stretch students’ thinking about symmetry and rotation using Desmos, a user-

friendly online graphing platform, to graph interesting critters (see Figure 3). 

 

 

Figure 3: A sample drawing created on Desmos.com 

If students responded well to this, I would lead them into a pair-based drawing competition. The lead-

in to this lesson was a simple one, with me asking the students about the various transformations 

(language they should know), before explaining that these were the skills I wanted to target today. After 

all, these were things the students could improve. My preamble was interrupted, though, by a series of 

questions. One student wanted to know if we were ‘the top class.’ Another was curious as to why we 

‘have to do NAPLAN practice.’ These attitudes would recur throughout the numeracy program, and 

despite my best efforts to deflect and remind students that we were gathered to develop life skills and 

numeracy, the NAPLAN focus and the competition was inescapable.  This first lesson went well, with 

students familiarising themselves with graphing software, and learning about how to plot and move 

circles and lines to make compound pictures. However, that initial battle to get students motivated and 

engaged would never cease. 

The HoD had recommended and provided 10-minute mini-quizzes. Research suggests that high 

frequency quizzes are beneficial partly because they provide immediate feedback (Leeming cited in 

Shirvani, 2009) and they help students identify problem areas (Geist & Soehren cited in Shirvani, 2009).  

The quizzes were good resources, but they did unintentionally link the numeracy program to a 
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NAPLAN preparation program. The rhetoric of NAPLAN was very much something I tried to avoid in 

my classroom, and the HoD supported this approach. However, two separate elements unduly 

contributed to a NAPLAN focus. Firstly, the school’s publication and celebration of previous NAPLAN 

results; and secondly, an incident where a senior teacher entered my numeracy classroom and gave a 

‘pep-talk’ about the importance of high NAPLAN scores. Although ostensibly this numeracy program 

was designed to enhance student numeracy across the cohort, it was inextricably linked with NAPLAN 

scores, and, in my experience, the students knew it and bemoaned it frequently. 

An additional complication was that my students – mostly of the ‘Straight-A variety’, knew 

that the numeracy program did not count towards their report cards. These students are very focused 

and competitive, and the weekly numeracy class unfortunately represented their one respite from the 

competition and testing. While I struggled each lesson to find an intrinsic motivation for these students, 

they were looking to NAPLAN and saying ‘What’s the point?’ This commentary accords with the 

findings of Thompson and Cook (2014). 

P2 reported a similar experience with her high-achieving numeracy class. She responded to a 

post-program interview about her expectations of student achievement by saying, ‘The scores are 

definitely going to improve. We did lots of practice.’ The use of this word, ‘practice,’ is highly 

suggestive of P2 having diverted from her initial path of inquiry and problem solving. Language such 

as explore, ‘challenge, extend and investigate,’ would have suggested more continuity between the way 

P2 started with rich problem solving tasks, and the way she finished the program – ‘practice.’  P2 also 

suggested that she relied heavily on the 10-minute NAPLAN style quizzes, but identified that they 

perhaps were not challenging enough for her students. This was possibly because, by her own 

admission, the students didn’t respond to challenges very well. 

Student self-image is an important factor that we needed to consider as teachers. It is important 

that students are reassured after errors, and reminded that the purpose of an activity is to improve their 

numeracy skills. Unfortunately, in a high ability class such as those taught by P2 and myself, it is very 

difficult to avoid competitive behaviours between students. This is of particular concern because this 

numeracy program, applied to a high ability group, could have the impact of eroding confidence by 

highlighting skill deficiencies amongst a success driven group (Boaler et al., 2000).  

A blend of pedagogical approaches were evidenced by the teachers in this study, but it seems 

that for the most part the program tended towards worksheets, mini-quizzes and self-correction of work 

by students. The decision to use NAPLAN content areas to group students, as well as to assess their 

overall ability in pre- and post-tests likely contributed to student and teacher perceptions of the program 

overall. Norton (2009) identified that schools which use NAPLAN data to inform teaching benefited 

from this practice. This benefit was particularly true for schools which categorised NAPLAN numeracy 

data according to content area to establish and target student misconceptions. However, in our 
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experience, the cost was foregrounding NAPLAN which affected student buy-in; particularly at the 

higher levels. It was extremely challenge to keep the NAPLAN element opaque.  

Confounding factors related to teacher disposition and methodologies include gender and personality. 

These too may have impacted student outcomes. A study by Hand, Rice and Greenlee (2017) showed 

that students and teachers alike generally attribute masculine attributes to the typical STEM 

professional. As female mathematics teachers the two female teachers in the study (both of us teaching 

higher level students in a boys’ school) it is likely that we were challenging the male students’ views of 

gender roles, and it is also possible that we were not immediately perceived as having equal credibility 

to our male counterparts.  

Factors outside the classroom teachers’ control also impacted the classrooms. This included the 

aforementioned importance placed by the school on NAPLAN rankings. Importantly though, it also 

included cameos by higher level staff who visited classrooms from time to time – such as the earlier 

cited incident in which a senior staff member entered my classroom for a short time and highlighted the 

importance of NAPLAN. He then challenged a particular student to publicly declare his pre-test result. 

This had an immediate impact on the classroom that was felt for the rest of that particular lesson. It is 

also likely that the ‘visit’ also had a longer term impact in associating the numeracy classes more 

directly with NAPLAN.  

5.3.3  Teacher Competence 

In the case of the study, all ten teachers involved in the Numeracy intervention were trained and 

experiences mathematics teachers. All were teaching classes they were appropriately qualified to teach, 

so any disappointment with outcomes, is not attributable to the problem of ‘out of field’ teachers 

prevalent in many Australian secondary schools. Teaching methodologies however, did differ, but in 

the case of those teachers whose perceptions are reported here, they tended towards teacher-centred 

classrooms despite plans to the contrary.   

In sum, it was found that despite initial plans, there was an ultimate move towards a more 

teacher-centred, Direct Teaching approach. The teachers of the higher classes had some difficulties and 

quickly moved to using worksheets and quiz resources. Difficulties with the higher level classes in 

particular, in conjunction with the disappointing outcomes for students as well as teachers’ reflections, 

suggest that a more teacher-centred approach should perhaps be taken at the outset, but more 

particularly, it calls into question the whole issue of whether it is effective to stream students at this 

level and therefore, it questions the whole notion of streaming as an antidote for Numeracy 

misconceptions. Suggestions for future will be elaborated in the Recommendations section below. 

5.3.4  Student behaviour and buy-in  

The phenomenon of high ability students making mistakes on easy questions which should be well 

within their ability range is an interesting one. It may be explained by ability gaps, by lack of buy-in to 
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the testing procedure, or by skipping through tasks that are perceived as easy in order to get to the more 

challenging and perhaps ‘more fun’ questions. The first possibility - ‘ability gaps’, can be largely ruled 

out, because in other situations the students are able to manage these easier questions. 

The second possibility - lack of buy-in, could be possible explanation. However, in a sense we 

‘manufactured’ engagement by suggesting to students that the results of the pre-test would impact their 

future class placement. Students were aware that the test would not impact their marks, but they were 

uncertain as to what its role was exactly and it is arguable that students performed to their ability to a 

large extent. The third possibility - that the higher level students were keen to grapple with the more 

challenging questions and finish the paper, seems plausible. With the higher level students in particular, 

it is likely that they were moving quickly through the easy questions in order to make sure they had 

time for the more difficult ones. There is also an overconfidence that accompanies many of the stronger 

students. Other aspects of student behaviour are also interesting such as the student who told a senior 

staff member (teacher / administrator) that his score was 29/32 when in fact he and I were both well 

aware that it was 26/32. The incident took place in front of the whole class. The ‘lie’ appears to have 

been a ‘face-saving’ action on the student’s part. Both the senior teacher’s position and the senior 

teacher himself create an element of fear in the students. The student was prepared to be seen as being 

dishonest in my eyes, and was prepared to be untruthful, in order to present well to the other students 

and to the senior teacher. This phenomenon of lying was seen in both of the high ability classes. Students 

would misrepresent their marks and achievements to one another. They would even change quiz 

answers. They were in effect ‘face saving’ and striving for social approval (Eriksson, Mao & Villeval, 

2017). 

 

5.4  Limitations of the research  
This research was completed for the purposes of a Master of Education Professional Research Studies 

(MEPRS) award. The scope of research was limited. Student performance data was collected from an 

entire cohort within one secondary school as the students progressed from Term 4 of Year 8, to Term 3 

of Year 9. To validate the patterns and conclusions gleaned from this study, it would be necessary to 

look at the impacts of this Numeracy Program within a number of different school settings, including 

variables for staffing ratios, socioeconomic background, parental expectations and school culture.  

Pre-program and post-program reflections were planned from teachers through a group 

interview. Timetabling constraints and demands placed on teachers made it too difficult to interview all 

ten teachers involved in this program and the HoD. Hence, qualitative data was collected from limited 

sources – i.e., just the two interviewees and myself. A richer picture of teacher’s interactions with the 

numeracy program could have been established if it were possible to conduct longer and more in-depth 

interviews with the two participating teachers and if it had been possible to include more teachers. 
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My role as researcher, and teaching participant, provided depth and authentic experience for 

the purposes of reflecting on the numeracy program. However, given my role, my reflections may not 

be fully indicative of other teachers in the program for a number of reasons. Firstly, each class was 

different. And secondly, I had a much deeper view of the construction and goals of the numeracy 

program than did the other teachers because I was involved in its implementation, including the 

grouping of classes and the analysis of raw test data.  

The results of this study were positive. However, it is not reasonable to draw generalised 

conclusions from the outcomes experienced by these students and teachers. Although the sample size 

was large, with 12 numeracy classes, 181 students and 10 teachers participating, the nature of the student 

grouping meant that each type of class was only represented a maximum of twice within the program. 

For example, we cannot use the events which occurred in two high-ability classes throughout this 

program to draw conclusions about how other high ability students are likely to respond to such, or 

similar, numeracy programs. 

An important phenomenon affecting research is the Hawthorne Effect in which the outcomes 

of a study may be confounded by observational effects and the compliance inclinations of human 

subjects. If subjects know that they are being studied, the may modify their behaviours (McCarney et 

al., 2007). In terms of the current study there is little evidence to suggest that student subjects in this 

intervention would exhibit this effect because on a day-to-day basis they were essentially unaware that 

the study was being conducted. The teachers, on the other hand, were aware of the numeracy 

intervention and the fact that student outcomes were being studied. However, as this school environment 

is one in which student outcomes are routinely published and shared amongst staff (with the aim of 

informing evidence based teaching practice), it is not likely that knowledge of the study had a significant 

impact on teachers’ pedagogical choices or compliance inclinations.  

However, a factor which would have affected the study is what we might term ‘The School 

Effect.’ Here we see that that student gains in response to the intervention (the numeracy program) are 

statistically linked with numeracy gains that may have been made regardless through their regular 

lessons, spanning the full middle school curriculum. While statistically significant positive results were 

found when comparing pre-program and post-program measured numeracy ability, it is important to 

recall that some or all of these gains may be attributable to other causes than the intervention. It was not 

considered ethical to hold a control group in this study, which would have been one approach to 

disentangling the School Effects from intervention effects. 

As a cultural phenomenon in Australian schools, NAPLAN is currently inescapable. The school 

site for this research is one which proudly publishes NAPLAN results and is moving towards a rigorous 

and competitive academic focus (with all the implications that move that might entail!). Hence, the 

blurring of the lines between the program’s goal of developing numeracy in adolescents and young 
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adults, and training for a test, made it difficult to communicate the goals of this program to students and 

parents. This ambiguity of purpose could well have interfered with some student’s ability to engage 

with the program. As a result of this, the outcomes of the study, as well as the attitudes presented by 

participants, will be conflated by issues associated with NAPLAN, which was merely intended, by this 

program, as an instrument for assessing and improving student proficiencies. 
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Chapter 6:  Conclusion and Recommendations 

6.1 Conclusions 

This thesis investigated two research questions: 

RQ1 – How did the content area-specific groupings and/or the ability level groupings for 

 numeracy impact measurable student outcomes? 

RQ2 – How can teacher experiences of the numeracy intervention inform how we might better 

 support development in numeracy?  

The three-term numeracy intervention had positive results with lower performing students benefiting 

the most, and higher performing students benefiting the least. This result could derive partly from the 

smaller class sizes experienced by the lower performing students; an outcome which is predicted by the 

work of Blatchford, Bassett and Brown (2011) and Zyngier (2014). The four groups of students in 

content area specific classes benefited in the content area that was being targeted, but there were mixed 

results in other content areas. Interviews with one teacher of a content area specific class grouping 

indicated that he had used worksheets, drilling and repeated practice of similar problems to support 

numeracy development in the specified area. There was no evidence of this teacher supporting student 

numeracy development in the other numeracy strands, despite student data suggesting there were clear 

secondary deficits. Post-program test data supported this inference, with students appearing to go 

backwards or stay the same on other strands.   

A comparison of shift in overall numeracy reveals no difference between the outcomes for 

students who were grouped according to ability, and students who were grouped according to specific 

skill weakness, with both cohorts having improved by around 5 percent over the course of the 

intervention. It is worthy to note that the effects experienced by ability grouped classes were somewhat 

masked by the discrepancy in results of the highest and lowest performing students. However, it is not 

appropriate to consider those gains as separate cohorts; because it is not logical to distil the lower end 

without concentrating the higher end (even if unintended). Zyngier (2014) and Blatchford, Basset and 

Brown (2011) highlight effects of class size on student engagement as well as pedagogical choices made 

by teachers. This notion was supported by interview data collected from the teacher of one high ability 

class. Issues of behaviour management were identified (as would be predicted by Blatchford, Basset 

and Brown) within this larger class group, as well as specific pedagogical choices made which would 

otherwise have not been made. For example, this teacher’s decision to include high level problem 

solving tasks would likely not have been made if the class was of a lower ability level. 
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Many factors were observed, but not controlled for, which may have impacted results. As far 

as possible the school aimed to divorce the numeracy classes from the looming NAPLAN test, and this 

was done by the way the students were grouped and by the language that was used when interacting 

with the students. We used the language of skill development and long term individual benefits and we 

aimed to make the groupings opaque to students by not identifying high or low groupings. Perso (2011) 

emphasised the value for student in teaching for skill development, and not for a test. Belcastro and 

Boon (2012) supported this philosophy, with their work encouraging the development of self-efficacy 

in students, and avoiding performance based goals. 

However, from the outset, and more so as the intervention wore on, the upper level students at 

least were apparently aware of their own placements as being a high level group, though this was never 

confirmed to them. They also saw the classes as NAPLAN preparation. This almost certainly led to 

behavioural problems and avoidance behaviours. This avoidance response to performance and 

assessment based environment was highlighted by Barker, Dowson and McInerney (2003). This 

response was substantially a result of factors we could not control such as the importance of NAPLAN 

results to the school’s reputation and the public publication of results. Other examples of performance 

based interference were language used by staff not involved in the study, such as a senior teacher who 

walked in and gave the students an impromptu ‘pep-talk’ on NAPLAN and its importance. 

Class 6 - a higher level class, showed an overall decline of 1 percent in numeracy scores over 

the course of the program, while Class 11 - another higher level class, showed no overall change. While 

this is certainly not a significant change, it begs a bigger question: Why did not these students improve 

over the duration of the program? It is counterintuitive that student numeracy abilities could not improve 

at all over the course of three school terms. On the other hand, there were mixed but positive outcomes 

for the classes in which specific content areas were targeted and there were consistently positive 

outcomes for those in the lower level classes. Overall, the cohort improved by around 5 percentage 

points, a statistically significant improvement, and this was accepted.   

The test-teach-test method, as it played out over the three terms for my students, was not 

conducive to learning. Students variously feared and resented NAPLAN, and for better or worse, they 

were adamant that this numeracy program was, in fact, a NAPLAN preparation program. I think it likely 

that some students in this group simply chose not to try as hard on the post-test as they did on the pre-

test. The problems of scepticism and lack of positive outcomes experienced with the higher level classes 

suggest that class setting across the cohort should be abandoned. Therefore, approaches to supporting 

numeracy may well be better confined to ‘normal’ mathematics classes.  

On the other hand the intervention was successful for the lower level students. They were not 

identified or stigmatised and showed clear improvement in confidence and ability with their numeracy 

skills and test outcomes. Students with content area-specific weaknesses benefited too in the particular 
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content area, though this was somewhat at the cost of other content area skills. Norton (2009) and 

Perso’s (2011) argument that test analysis can profitably be used as a basis for targeted teaching has 

been somewhat consistent with the findings of this study.  

6.1.1  Implications for Further Research 

It is likely that the pre-test results, here, had greater validity than the post-test results as the students had 

greater buy-in at the start than at the end. However, there is no specific evidence that post-test results 

were not representative. Evidence is of a more anecdotal nature borne of observing the attitude of higher 

level students through the period. Finding an ethical way to control for this factor in a numeracy 

intervention would be useful.  

Factors such as teaching methodologies, teacher personality, and gender, are also likely to have 

had an impact, but again the impact is not known. Zyngier (2014) discusses the demonstrable impact 

that class size has on teachers’ pedagogical choices; which in turn impact student outcomes. Blatchford, 

Bassett and Brown (2011) describe a very similar issue; with student engagement being negatively 

correlated with class size. There seemed to be an abundance of studies on gender-related views of 

success for students, but far fewer in terms of how the presence of female teachers in the male-

dominated area of mathematics, particularly in a boys’ school, impact the self-view and progress of 

male students. Again, this is a phenomenon that requires further investigation. One possible approach 

to addressing this question could be a qualitative interview-based study which asks male students to 

answer open questions about their Mathematics classes, and teachers; of both genders. An analysis of 

the language structures and or key themes elicited from these students could be conducted to see if 

response patterns correlate with teacher gender. The key purpose of this study would be to assess 

whether female teachers have a discernible impact (compared with male teachers) on male students’ 

progress in, or attitudes towards, Mathematics. 

A future study could also look at the issue of how fluid groupings can be used within the Year 

9 Mathematics/Numeracy classroom throughout the year to target various weaknesses. Groupings 

would ideally change as topics and content areas change. The challenge will be how to implement such 

a program while having groupings remain largely opaque so that students do not feel branded or do not 

identify as low ability; thus, students ‘self-concept’ is an issue that remains to be addressed (Eriksson, 

Mao & Villeval, 2017).  

 

6.2 Recommendations 

It is clear that well-developed numeracy abilities are an asset to any adult. This numeracy program did 

achieve the desired outcomes of enhancing the numeracy of adolescent boys over the three term period, 

but this success is accepted with caution, because students will usually improve over time. However, 

this program did reveal that there are possible benefits gleaned from grouping low-performing students 
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together to focus on developing numeracy skills. This program attempted to target specific skill 

deficiencies, and while broadly, it was shown that targeting skills did work, the trade-off was a loss of 

clarity with other skills.  

Hence, it is suggested that future iterations of this program take on several key transformations: 

1. Continued erasure of NAPLAN focus through mandated rhetoric designed to emphasise 

numeracy abilities and life skills (and marginalise the impending NAPLAN exams).  

2. Look at further strategies to increase buy-in; particularly of higher level students. 

3. Have all students complete a skill focused work program that is cyclical in design, such that all 

skills can benefit from specific targeting and extended focus, but none suffer from complete 

omission. 

4. Allow students to complete the numeracy program in their regular class group, and with their 

regular teacher, to avoid issues to ‘pecking order’, identity distress, and again, to minimise the 

de-motivational effect of the impending NAPLAN exam. 
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Appendix A: Information Sheet 
 

 INFORMATION SHEET 

 

 

 

 

Grouping Students to Target Specific Deficiencies in Numeracy: Investigating an 

Evidenced Based Numeracy Program 

 

Researcher / Interviewer   Laura Gleeson

 laura.Gleeson@Griffithuni.edu.au 

Supervisors Dr Kevin Larkin k.larkin@griffith.edu.au 

 Assoc Prof Peter Grootenboer  p.grootenboer@griffith.edu.au 

 

 

I am a post Graduate student undertaking a Masters of Education and Professional Studies Research 

at Griffith University, and am conducting this interview as part of my research. This research is 

currently awaiting ethics approval EDN/12/14/HREC . 

 

Why this research is being conducted 

This interview seeks to explore your experiences with the 2016-17 Numeracy Program run at 

Anglican Church Grammar School. 

 

What you will be asked to do 

You are invited to participate in a 15 - 30 minute interview. The interview will be recorded and then 

transcribed at a later date for analysis and reporting purposes. There will be an opportunity at the end 

of the interview to incorporate any details you feel are important. Prior to your involvement, a consent 

form will be provided.  

 

Privacy and Confidentiality 

All efforts will be made to protect your privacy and confidentiality. Once your interview has been 

transcribed, all identifying information will be de-identified (removed) and the audio recording will be 

deleted. Your participation in this research project is completely voluntary and you may withdraw your 

consent at any time, before, during or after, the interview. A copy of your interview transcript can be made 

available at your request.  
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Appendix B: Informed Consent for Participants (Interview Subjects) 

 

INDIVIDUAL CONSENT FORM 
 

 

Grouping Students to Target Specific Deficiencies in Numeracy: Investigating an 

Evidenced Based Numeracy Program 

 

 

  Research Team Researcher / Interviewer Laura Gleeson 

 Contact Email      laura.gleeson@griffithuni.edu.au 

 Supervisors Dr Kevin Larkin          

  Assoc Prof Peter Grootenboer 

 

School of Education and Professional Studies, Griffith University 

 

By signing below, I confirm that I have read and understood the information sheet and in particular 

have noted that: 

– I understand that my involvement in this research will include participation in a 15 - 30 minute 

interview/discussion regarding your experience with the Numeracy Program at your school; 

– I understand the risks involved; and had any questions answered to my satisfaction; 

– I understand that there will be no direct benefit to me from my participation in this research; 

– I understand that my participation in this research is voluntary; 

– I understand that if I have any additional questions I can contact the research team; 

– I understand that I am free to withdraw at any time, without comment or penalty; 

– I understand that I can contact the Manager, Research Ethics, at Griffith University Human 

Research Ethics Committee on 3735 5585 or research-ethics@Griffith.edu.au if I have any 

concerns about the ethical conduct of the project; and 

– I agree to participate in the project. 

 

 

Name 
 

 

Signature 
 

 

Date 
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Appendix C: Pre-Test Data 
 

 

 

Figure 4. Pre-test Data: QLD State Mean results for the 2013 Numeracy Non-Calculator Paper 

compared with Numeracy Program Classes for Struggling Students (Class 1 and Class 10). 

Figure 4 displays the initial content area ability distribution for the two lowest ability classes in the 

cohort. Both classes performed below the Queensland Mean on all four content areas, which is to be 

expected from the lower ability students in a non-academically selective independent school.  

 

 

Figure 5. Pre-test Data: QLD State Mean result for the 2013 Numeracy Non-Calculator Paper compared 

with Numeracy Program Classes for Measurement, Chance and Data (Classes 2 and 9). 
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Figure 5 displays the pre-test results of the two classes, Class 2 and Class 9, which were assembled to 

target the MCD content area. Both classes demonstrated MCD as their weakest content area, with class 

9 also falling below the Queensland mean benchmark for MCD. 

 

 

Figure 6. Pre-test Data: QLD State Mean result for the 2013 Numeracy Non-Calculator Paper compared 

with Numeracy Program Classes for Space (Classes 3 and 12). 

Class 3 has a clear weakness with space, as demonstrated by Figure 6. While Class 12 was markedly 

stronger at space this was still a weakness, for them, along with AFP. As demonstrated by comparison 

to QLD State Means, both Class 3 and Class 12 had strengths in number and MCD. 

 

 

Figure 7. Pre-test Data: QLD State Mean result for the 2013 Numeracy Non-Calculator Paper compared 

with Numeracy Program Classes for Mixed Level (lower) Students (Classes 4 and 7).  
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As shown in Figure 7, Classes 4 and 7 had no clear content area weakness. Comparison to QLD State 

Means indicates that these two Groups were likely strongest at space and MCD. 

 

Figure 8. Pre-test Data: QLD State Mean result for the 2013 Numeracy Non-Calculator Paper compared 

with Numeracy Program Classes for Mixed Level (upper) Students (Classes 5 and 8). 

 

As shown in Figure 8, Class 8 is an upper level mixed ability numeracy class. Class 8’s strength is 

clearly number; no clear strength exists in other content areas. Class 5 appears weaker overall than Class 

8, but demonstrates a similar consistency in having no clear weak content area. 

 

 

Figure 9. Pre-test Data: QLD State Mean result for the 2013 Numeracy Non-Calculator Paper compared 

with Numeracy Program Classes for High Level Students (Classes 6 and 11). 
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Figure 9 shows Class 6 and Class 11; both top level classes as measured by the pre-test. Comparison 

with the Queensland State Mean shows that these students have performed very well on the diagnostic 

exam, with a particular strength in Number.  




