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Figure 4.13. Detail from Elm Park Student Self Reflection sheet. 236

������������������������������������������������������� ���

�������������������������������������������������������� ���

����������������������������������������������� ���

������������������������������������������������������ ���



���

�������������������������������������������� ���

���������������������������������������������������������������� ���

Figure 4.20. Poster on Ellen’s office wall describing the 6 Cs for Deep Learning. 265

������������������������������������������������������������������������������������� ���

����������������������������������������������������������������������������������������������

���������� ���

���������������������������������������������������������������������������������� ���

����������������������������������������������������������������� ���

������������������������������������������������������������������������� ���

Figure 5.1. Default zone diagram for Teacher-as-Teacher: influences upon a student’s actions.
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Figure 5.2. Default zone diagram for Teacher-as-Learner: influences upon teacher actions. 287

�����������������������������������������������������������������������������������������������

� ���

Figure 5.4. A default ZFM, M-ZFM and ZPA configuration for the Teacher-as-Teacher. 288

Figure 5.5. A default ZFM, M-ZFM, ZPA and ZPD configuration created by the Teacher-as-
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Figure 5.7. Simplified zone representation with ZPDs for two different students. 296

Figure 5.8. Simplified zone representation with ZPDs for two students exhibiting widely 
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Figure 5.10. Simplified zone representation for the teaching of three-dimensional spatial 
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Figure 5.11. A ZFM, M-ZFM, ZPA and ZPD configuration when mobile technologies are not 
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Figure 5.16. Zone fluctuations for temporal restrictions. 308
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Figure 5.18. Zone configuration when device management is under teacher control. 311

Figure 5.19. Teaching that is implemented solely through the changing of zone configuration.
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Figure 6.1. ZFM/ZPA configuration for the new NESA-mandated assessment task. 360
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then the amount the game had paid out ($124). The students were horrified - the game lost 
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The first question at this point was - well, what was a reasonable amount to pay out, on 

average, for every customer? The students agreed that fifty cents would be about right. 

The game would be profitable, but it would not be obviously taking advantage of the 
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closer to fifty cents.
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the students, “Gambling is bad” - a lesson that would take five seconds, instead of fifty 
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remain relevant, and it would seem that this is in no small part due to some difficulties 
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hence the difficulty of sound examining in mathematics. (p. 12)

The significance of the difficulty in assessing students’ mathematical understanding 
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instrument (e.g. Koretz, 2008), its results are used without qualification to describe 

student performance. There are then flow-on effects for determinations of educational 
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discussed, irrespective of its potentially tenuous linkage with either student experience or 
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(p. 726) as one of five factors determining learning success, to Hattie’s (2003) claim 
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the positioning of assessment as an arbiter of quality lends it significant weight in the 
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It is therefore unsurprising that, since quality is defined by assessment outcomes, then 
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When there is any departure in class from the syllabus or the text, someone 

����������������������������������������������������������������������������

�����������������������������������������������������������������������������������������

the curriculum, with the result that “many mathematics courses are specifically designed 

to raise scores on some standardized test” (Thurston, 1990, p. 3). Extreme reactions to 
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Schools’ and teachers’ desire to be ranked highly in external tests impacts on pedagogy, 
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How, then, does a secondary school mathematics teacher justify the adoption of novel 

pedagogies that are only obliquely relatable to external accountability and assessment? 
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realising meaningful benefits for teaching and learning.

The introduction of mobile learning is one example of such a pedagogical choice. To 

inform our discussion of this phenomenon, we shall here adopt the definition offered by 
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of the devices ... [a technocentric definition is] too unstable” (Traxler, 2010). Therefore, 
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With mobile learning thus specified, we shall use the term “mobile pedagogies” to refer 
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Thus, for example, mobile pedagogies would encompass the practices of secondary 

��������������������������������������������������������������������������������

���������������������������������������������������������������������������������������

and learning context may stem from a number of motivations, as a deliberate choice, it 

evinces a philosophical belief that students’ mathematical understanding will benefit from 
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what students have achieved. Thus, assessment is inextricably tied to teaching, prompting 

analogies such as “different sides of a single coin” (Harvey & Bright, 1991, p. 52); and, 
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learning contexts, technological designs, epistemologies and pedagogies that 
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finding it than we do from learning the answer itself.
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in order to define the extent to which it can reasonably be expected to influence existing 
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(1978)  theories of scaffolded learning will be presented alongside modifications proposed 
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externally defined learning goals and resources. (Milrad et al., 2013, pp. 290-291)
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2.1.1. Mobile Technologies Supporting Traditional 
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behaviourist pedagogical philosophy, with consequent questionable educational benefits.
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al. (2004) and Pegrum et al. (2013), mobile devices are pedagogically agnostic and thus 
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to interact with materials in an authentic learning context” (p. 301)
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are significant similarities between the direct instruction, “behaviourist” pedagogies and 
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they support and a diluted version of a model that they do not support. (pp. 23-24)
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can form the foundations upon which flipped learning can occur (e.g. Pearson, 2013).

While the term “flipped learning” refers to an arrangement whereby students would
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amenable to being “flipped”. Bower (2017) discusses the idea that, while a behaviourist 

approach to teaching may be particularly exemplified by quiz applications such as Quizlet 
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pedagogy is by no means a fixed, inherent attribute of a learning technology but 

rather depends on how the technology is used within the learning context. (p. 38)
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2.1.2. Mobile Technologies Supporting Mobile Learning
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what “mobile learning” actually means in the field. With “authenticity” being a measure 
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The difficulty at this juncture is that, due to the novel nature of mobile pedagogies, the 

������������������������������������������������������������������������ ��������������

�����������������������������������������������������������������������������������������

����� ��������� ����������� ����� ��������� ��������� ��� �������������� ������������� ���� �����



�����������������������������������������������������������������������������������������������������������

����������������� ��

������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������

������ ���� ���������� ������� ���������� ���� �������� ��� ���� ���� ������������� ����

���������������������������������������������������������������������������������������

��������������������������������������������

��������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

there is a sense that “using technology without the promise of a clear substantive benefit 

ought to be avoided” (Bennett, 2014, Section 13).
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As an example, Cristol and Gimbert (2013) describe a study that sought to assess the 
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who did or did not engage. In any case, irrespective of the finer details of the situation 
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confirm the pedagogical merits of mobile learning for improving demonstrable outcomes 
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2.1.3. Deep Learning in Mathematics
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particular, the Australian curriculum privileges the idea of proficiency strands which seek 
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The inclusion of the proficiencies of understanding, fluency, problem-solving 
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developing increasingly sophisticated and refined mathematical understanding, 

fluency, reasoning, and problem-solving skills. These proficiencies enable students 
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strategies to make informed decisions and solve problems efficiently.
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In NSW, these proficiency strands are included at the centre of the syllabus structure, 

comprising four of the five components of Working Mathematically. The fifth component, 
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The proficiency strands and Working Mathematically, whilst being specified in broad 
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one vulnerable to potentially serious misjudgements (OECD, 2012b, p. 31).
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(1976), it is difficult to assess for this deep, “relational” understanding in such a way that it 
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case, a sample question from PISA Problem Solving 2012 (Figure 2.3).
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specified number of trips. Daily tickets give 
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Figure 2.3. ���������������������������������������������������������������������
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a problem: it is not possible to purchase the ticket as specified (Figure 2.4 and Figure 2.5).
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shared by all students. The inflexible nature of such one-sided interactions has a long 
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Thus, while tests of low-level academic content are considered to be flawed, there may 

be some difficulty in constructing unbiased assessment tasks to determine whether deep 
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regarding the confluence of mathematics, deep learning and problem interpretation, with 
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To share in the delight and the intellectual experience of mathematics - to fly 
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Elmore, 2013; Anderman et al., 2010). In particular, the use of assessment to maintain 
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ranging from direct financial incentives for achievement (Fryer, 2011), to the ecstatic state 

of being in “flow” (Csikszentmihalyi, 2004), assessment by a party external to oneself 
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Thus it is significant that, despite the Finnish teachers’ frequent criticisms of the effect that 

high-stakes examinations have on curriculum and instruction (p. 31), the matriculation 
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and markedly more effective functioning in the face of difficulty (Dweck & Leggett, 1988), 
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performance” (Boud & Falchikov, 1989, p. 543), a case might be made for the employment 
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experience or content knowledge. Indeed, the judgement of an authority figure is a 

necessary component when evaluating a student’s performance, as identified in Webber 
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much more about what is at that level developmentally.” (p. 32)
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peers (e.g. Mora, 2013).

2.1.4.2. Mastery Goals In Practice

Implications of Removing Evaluations 

A link between objective evaluations and mastery goals is offered by Ferguson (2013), 
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affirmation” (p. 197); and, following acceptance of the class structure, students began to 
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After they were finished, we went over the answers together. Because the goal 
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Their first idea surprised me: They wanted quizzes and even tests periodically, 
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licensure. Auto mechanic certification exam. Every one of these assessments 

reflects the adult-level, working-world responsibilities our students will one day 

�����������������������������������������������������������������������������������

������������������������������������������������������������������������������

������������������������. Lawyers who finally pass the bar exam on their second or 

�����������������������������������������������������������������������������������

���������������������������������������������������������������������������������������

������������������������������������������������������������������������������������

����������������������������������������������������������������

���������������������������������������������������������������������������������������������

a basis for the confluence of performance and mastery goals; and student comments such as
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2.2. ��������������������
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flexibility in assessment, and serve to promote the idea that a single assessment instrument 
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“formative”, the former being a final performance determination, and the latter intended 
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of the assessments themselves. (p. 38)
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(2013) example shows, the purpose is liable to be misinterpreted and must therefore be 
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2.2.1. �������
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target that is sufficiently clear and that holds still for them”; and if Wormeli’s position 

regarding resubmission is tenable, then rubrics may offer similar clarification of what 
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Arguments against rubrics are comparatively rare, but dissenters note that it objectifies 
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“I remember the first time that grading rubric was attached to a piece of my writing. 

Maybe it was in 3rd grade. Suddenly all the joy was taken away. I was writing for 
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must exist if students are “to learn the content and skills that society identifies as 
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what my expectations are. (as quoted in Bolton & Elmore, 2013, p. 136)
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discarded because it’s inconvenient or we haven’t figured out how to do it logistically”, 
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kids to complete their homework (Bower, 2013, p. 154);
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2.2.2. ���������������������

The rubric defines a set of criteria, and thus offers students more specific characteristics 
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and reflect on their own learning. Coupled with the understanding of what constitutes a 
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specifically prepared. (Papert, 1998)
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activity]. ... By reflecting on the attributes of each activity and its function in 

constructing scientific theories, students grow to understand the nature of inquiry 

and the habits of thought that are involved. (p. 13)

It should again be noted that the achievement of the students was quantified ������������
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Frederiksen, 1998, p. 32),
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significant impact on how well the student will achieve, when the achievement is viewed 
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the attributes of scientific inquiry that are important to the scientific community. As a 
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2.2.3. �����������������������
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& Elmore, 2013, p. 136)
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that captured by the performance goal / mastery goal dichotomy, which plays a significant 
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To this, Wiliam (2011, p. 149) offers the following for clarification:
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2.3. Assessment in Secondary School Mathematics
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noted by Berry and Adamson’s (2011) overview of this field,
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and diagnosis of strengths and weaknesses in learning are difficult to reconcile in 
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are the only goal. However, it is the terseness of the single correct answer that significantly 
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human endeavours that can be quantified by an overall judgement of how closely it 
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insufficient if the student is unable to explain the process by which it was deduced (e.g. 

Yevdokimov, 2013). Indeed, with the perspective that “assessment is not really about 
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proficient reasoning. 
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in others. A subsequent analysis of the students’ final examination scores found that the 

classes with technology were significantly outperformed by those without. However, as 
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for the evaluation of mobile learning is clearly flawed.
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acknowledgement that traditional assessment methods are insufficient for determining 
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2.3.3. The Changing Face of Mathematics Assessment

It is notable that, possibly due to the “difficulty of sound examining in mathematics” 

(Skemp, 1976, p. 12), mathematics assessment has diversified into a multitude of different 
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2.4. A Theoretical Framework
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Influences upon both pedagogy and assessment in mathematics must be examined for 
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however, insufficient for describing some other effects that may manifest with a change 
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context. The first such abstraction is the Zone of Free Movement (ZFM), which draws 

upon Lewin’s concept of free movement (Lewin, 1933 and Lewin, 1939, as quoted in 

Valsiner, 1997, p. 187) to describe questions of accessibility. The ZFM defines what may, 
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Since permission is a Boolean state, the ZFM also necessarily defines actions that are not 
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can likewise be represented as a diagrammatic “zone” - one that defines the set of actions 
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Instead, it can include fuzzy or semipermeable boundaries, or an undefined 
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and boundary concepts lies in their flexibility in capturing the often partially fuzzy 
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region on a Venn Diagram increases its usefulness for supporting simplified descriptions 
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simplified, form (Figure 2.8).
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However, the configuration contrasts with Blanton et al.’s (2005) analysis of the ZFM/ZPA 
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and define it to be a zone of permissibility that the teacher appears to establish 
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allow. We characterize this as an illusionary zone because it reflects an apparent 
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This idea of configuring the zones in different ways was also employed by Goos (2008) for 
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Valsiner’s zone theory offers a flexible and elegant framework for conceptualising the 
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both its suitability for answering the questions and the difficulties associated with implied 
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useful for this study to access quantitative data directly, but noted that the influence of 
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fashion because many of the factors influencing the teachers’ actions would have applied 
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3.1. Research Questions Overview
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on the surface, an apparent confluence of ideas. There is an element of incontestability 
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It is therefore necessary to define the nature of the question as being something of a 

moving feast. To elaborate, we shall first consider the questions that together comprise the 
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The questions being asked assume that pedagogy is currently in flux. The introduction 
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traditionally taught, a comparison between these two teaching methods does not define 
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3.1.1. Reconciliation of Opposing Methodological 

Viewpoints

To determine research methods for this study, we must first consider secondary mathematics 

teachers’ decision-making processes when choosing to engage with mobile pedagogies. 
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Bright, 1991, p. 52), it would be difficult for a teacher to justify unilaterally making a 
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demonstrating their understanding in traditional assessments. Since today’s mathematics 
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heavily on formal examinations. There are significant difficulties in changing this 
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classified by Smith et al. (1996) as “Group A”:
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the objective grading of student responses is both simple and justifiable. Students are 
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3.1.2. Considerations of Quantitative Methods

���������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������

�������������������

����������� �������� ������������ ��������� �������� ���� �������� ����� �������������

������������ ���� ��� ������������� ��� ������� ������ ������������ ������������ ������

��������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������



�����������������������������������������������������������������������������������������������������������

�������������������� ��

��������������������������������������������������������������������������������������

(1976), is insufficient for determining the presence, or extent, of student understanding. 
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be given by a student who understands the theorem and its significance and can 
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sufficient for the awarding of full credit. Just as it is not possible to infer understanding 

from the student’s response, so it is not possible to infer the lack thereof. In such instances, 

the incentive is poorly placed; and if all that is valued is the student’s ability to write an 
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students’ mathematical understanding from the responses they offer in an examination, it 

is yet expected that the examination results offer a reflection of the students’ mathematical 
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sufficient for this purpose is largely irrelevant, because the system traditionally assesses 

in this way; it is close to being a fixed feature of the landscape in which mathematics 
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Similar quantitative testaments to pedagogical efficacy for the purposes of improving 

assessment results can be seen in studies that range from Bangert-Drowns et al.’s (1991) 
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meta-analysis of frequent classroom testing, to Balota et al.’s (2007) review of spacing 
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which may be influenced by any number of factors unrelated to mathematical achievement 
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The difficulty of ascribing better examination outcomes to better teaching is particularly 
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Assessment and Reporting Authority’s chief executive in 2016,

When we look to last year there’s not the sustained effort that we would like to be 

seeing on a year-to-year basis, so we’re a bit concerned it’s levelling off, that’s not 
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of change, there are indications that the demonstrable improvements during the first years 
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3.1.3. Characteristics of the Examination as an 

Assessment Mechanism
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perception that they promote a high level of fidelity in the assessment process.
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3.1.4. The Adoption of a Case Study Approach
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the teacher’s position. From this perspective, it is apparent that mathematics teachers act 
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transformed from raw numbers into something far more subjective - teachers’ thoughts 

and perceptions, and teachers’ actions.
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2005) - neither denying the influence of the quantitative, nor relying on it for proof.

To further clarify what is meant by a case study approach, I shall borrow from Stake’s 
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my understanding of what the research entails, beginning with Denzin’s characterisation 
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into, behaviours that arise from participation in a culture. As members of a well-defined 
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may result in findings that have less generalisability (Abercrombie et al., 2000, p. 47).
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3.2. Structure of the Study

3.2.1. The Case Study Approach
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inherent in teachers’ decision making. The study seeks to deconstruct the interaction 
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particular focus on mobile pedagogies, its charter is to learn from teachers’ experience 

with mobile pedagogies, the teachers’ views regarding assessment, and the ways in which 
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opposed to the theory, that we can appreciate the “uncertain, complex, messy and fleeting 
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of findings that are translatable to practice. Thus the necessarily situated nature of the 

findings does not render them useless for the purposes of transfer; rather, it demonstrates 
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picture is likely to be incomplete, being overly influenced by the occurrences of the day, 
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teachers’ opinions, their actions, and their choices for evaluating student learning. The 
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sources. Thus, in order to more fully experience the teacher’s world, a combination of data 
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component of the teacher’s practice. In isolation, each of these methods would have been 

insufficient, being liable to contradiction from another quarter; but in combination, it was 
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3.2.2. Participant Recruitment
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focus on a sub-culture of interest. Freebody’s (2003) discussion of approaches to the ways 
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typical cases (e.g. beginning teachers with ‘average’ university grades) or special 
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student-centred mobile technology in class. Since the study seeks to explore the teachers’ 
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favour of the researcher’s own pedagogical agenda; and indeed, it was hoped that there 
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With the final group of seven schools, the research was able to discuss findings more 
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schools, I obtained permission to observe five other secondary schools (Table 3.1). For 
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school itself; this was due to the author’s familiarity with the teachers in question, and an 
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The final teacher was recruited through recommendation. The school, in this case, was 

representative of some unique qualities, which were believed to be singularly influential 
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School names and teacher names were changed for reasons of confidentiality.

3.2.3. Ethics and Informed Consent
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For each of the non-Project schools, the first data collection activity comprised an 
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teachers’ methods because it was believed that there was much to be learned from their 
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themselves had chosen to be involved as a consequence of their expertise in the field.
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3.2.4. Questions of Access
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With respect to the schools that were not involved in the Project, I had little difficulty with 
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sent to the principals to seek permission to observe the teacher’s classes, and both of 
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3.2.5. Conditions for Data Collection

With three distinct data collection methods, the study sought to consider each teacher’s 
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3.2.5.1. Interviews

All interviews were conducted at each teacher’s convenience. They were scheduled to 

suit each teacher’s timetable, with a duration and in a location of their choosing. Thus, 
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locations included school offices and conference rooms, cafés and restaurants.

3.2.5.2. Observations

Observations of teaching practice were scheduled at each teacher’s suggestion. Thus, 
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teacher approved the researcher’s involvement before such interactions went ahead.

3.2.5.3. Document Analysis
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3.3. Semi-Structured Interviews
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to access certain types of historical information. Of all of the potential influences upon 

teachers’ practice, one of the more significant must be the teacher’s experience; and while 

it may be possible to infer a level of experience when observing a teacher’s practice, 
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3.3.1. Interview Questions
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3.3.1.1. Setting the Scene
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The reason that these questions came first was partly to allow the teacher to feel comfortable 
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pedagogies. As an example, it may be inferred that a teacher who qualified their response 
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been more reflective, and their pedagogical choices more deliberate.
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for example, offer an opportunity for the researcher to ask the teacher about the school’s 
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Indeed, the inference would be equally valid for an unqualified response. Should a teacher 

respond with “This year I’m teaching Year 7, Year 8, Year 10 and Year 11,” then the same 
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3.3.1.2. Links Between Assessment and Learning Design
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have been relevant for the purposes of elucidating the teacher’s thoughts. It was expected 
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The first sub-question, therefore, referred to the teacher’s pedagogical choices. It was 
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the assessment was influential in those choices. With an aim of gaining a picture of the 
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designed first, was included because it was a detail that would be less likely to be foremost 
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3.3.1.3. Student Assessment Outcomes
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teachers’ values encompass a number of different areas, then there would be scope for 
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3.3.1.4. The Impact of Mobile Learning for Assessment 
Performance

Following a discussion of the learning and assessment that would occur under this teacher’s 
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explain the reasoning behind the pedagogy - to see how they justified what they were doing, 
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teacher’s appraisal of the pros and cons of different pedagogical approaches would shed 
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3.3.1.5. Future Directions for Mathematics Assessment
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the teacher worked. There was therefore sufficient background at this point to allow the 
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With this appreciation of the teacher’s situation, it became possible to discuss potential 

changes to assessment practices, without requiring a great deal of clarification regarding 

�������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������

�� ����� ���� ���������� ������ ���� ����� ��� �������

about mathematics exams?  

�� ����� ���� ���������� ������ ���� ����� ��� �������

about mathematics assessment?

��������������������������������������������������������



�����������������������������������������������������������������������������������������������������������

�������������������� ��

3.3.1.6. Valued Learning

The final part of the interview structure was intended to allow the teacher to discuss what 
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valued. The rationale for this part of the interview was to deconstruct the teacher’s practice 
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they might have reified this stance by constructing assessments that required students to 
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Please rank the demonstration of these skills 
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Problem solving: Authentic problems 

Communicating: Deciphering questions 

Communicating: Seeking clarification / information 

Communicating: Explaining 
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Fluency: Speed of calculation 

Fluency: Memory (for mathematical facts, formulae) 
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Accuracy of solution 

Estimation of solution 

Ability to follow instructions 

Being organised / tidy / careful 

Collaboration 

Creativity 
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ways in which the teacher employed mobile pedagogies. That is, how did the teacher’s 
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unimportant” that was precise enough to convey, for any one characteristic, the teacher’s 
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statistically interesting, an efficient method of representation was deemed the most 
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teachers were unlikely to have difficulty understanding the relative weightings of “1” 
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includes a modification that occurred during the first interview in which the table was 

used. This modification was a direct result of clarifying the intent of the question being 
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During the first interview, it became apparent that “Your assessment tasks” was insufficient; 
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insufficiently clear; and where this occurred, the skills were divided into multiple parts. 
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discussion of the skill of problem solving must be qualified with the nature of the problem 
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skill could be covered. The clarifications that were necessary for specifying these sub-

categories were, however, worded as vaguely and non-specifically as possible, so that the 
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while not specified as being central to mathematics education, are nevertheless present 
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“hidden curriculum” - one which is poorly specified, but potentially both highly valued 
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3.3.2. The Hidden Curriculum of Working 

Mathematically
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definition is fuzzy and its components are inevitably open to interpretation. Thus there 
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to be a variety of “fluency” - that is, fluency of procedure. However, I would suggest 
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they are doing actually makes sense). Thus it is difficult to classify this skill as any one 
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demonstrating mathematical achievement, and as such it can form a part of the teacher’s 
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is its reliance on practice to develop students’ skills. As an example, it can be seen that 
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difficulty tends to favour the development of a certain work ethic. Students are expected 
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teacher’s thoughts regarding the importance of this facet of mathematics pedagogy.
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3.3.3. Further Considerations for Assessment Practice
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makes sense - is a skill that is becoming more highly valued in today’s world:
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The teacher’s perception of the relative importance of accuracy and estimation was 

therefore potentially significant for an appreciation of the outcomes that they value. It 

was hoped that the question was sufficiently neutral; all attempts were made to avoid 
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3.3.4. Further Considerations for Mobile Learning
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interesting to see if, and how, collaboration was valued in the teacher’s practice, and if 
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of ways. Thus it was interesting to note the teacher’s consideration of how important 
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3.4. Observations

�����������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������

teaching and learning occurs. Wilson’s (1977) seminal review of ethnographic techniques 

discusses the influence of the setting on human interactions, where
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internalised notions in people’s minds about what is expected and allowed (p. 247)
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if one wants ultimately to generalise research findings to schools, then the 
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analysing the teachers’ practice. The rationale for observing the teachers in action was 
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A single observation shall be defined as being a single lesson; that is, the students and 
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the observation was thus defined by the arrival and departure of the participants in that 
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the teacher’s practice; it was not an assessment of the effectiveness of the pedagogy, or 

of the teacher’s competence in delivering the lesson. Rather, it was intended as a fuller 
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one of the infinite variety of ways in which the lesson could proceed; and an opportunity 
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3.4.1. The Role of the Researcher
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their class; and it was hoped that this familiarity would be sufficient for rendering the 
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3.4.2. Observations: The Setting

The first point of interest for the observation was its location. Ordinarily, it was expected 
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as well as a broad classification of the students in the class: year group, number of students, 
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Students’ actions upon entering this space were noted, with potential for difference in 
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3.4.3. Observations: The Lesson

It was expected that the researcher’s prior familiarity with the content of the lesson would 

������������������������������������������������������������������������������������������

��������������� ���� ���������������� ��� ��������������� ��� ���� �������� ��� �����������������

����������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������

������������� ���������������������������� ������������ ������� ��� ���� ��������������� ����

presentation, and accepted the teacher’s delivery at face value.
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impartially, the observation also benefited from the adoption of a particular stance - either 

that of the teacher, or that of the student. A third lens, from the perspective of “a fly on the 
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3.4.4. Observations: The Debrief
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3.5. Document Analysis

As a third angle from which to observe a teacher’s practice, assessment tasks set for 
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specifies the assessment task - whether it be an examination paper, or the requirements for 
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and almost contractual, specification of what it was that the teacher wanted the students 
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As a prepared document, the assessment task specification might potentially be amenable 

to a variety of quantitative analysis. Riffe, Lacy and Fico’s (2014) discussion of 
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With quantitative content analysis (QCA) being used to “verify or confirm hypothesized 
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find patterns in assessment construction; rather, it was to flesh out the picture of a single 

teacher’s practice. It was intended to illuminate one facet of the teacher’s practice, so that 

the teacher’s choices may be more completely understood.
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ties to the case study approach. A focus on reflexive analysis situated the interpretations 
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of being driven by a predetermined protocol, the analysis was continually fine-tuned to 
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forcing the latter into predefined categories of the former as is done in QCA. 
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3.5.1. Document Sampling

The nature of assessment in this study was, of necessity, very loosely defined. With an 
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practice - roughly defined the set of assessments that could usefully be analysed. Since 

case study schools were specifically chosen, and teachers chosen for their innovative 
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3.5.2. Document Analysis
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in which it occurred. Its purpose was to offer a third perspective from which the teacher’s 
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for the student and for the teacher. It was a fixed mark on the journey between the act of 
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populated by pedagogy and assessment - two components of teachers’ practice that fed 

reflexively upon each other. This meant that assessment discussion would necessarily 
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identified for assessment instruments that shared common characteristics.
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Assessment analysis and classification was therefore expected to be a multi-dimensional 
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3.6. Reflections Regarding Impartiality

Since the present study was conducted by a researcher who is qualified to teach secondary 

school mathematics, it is necessary to consider the effect of the researcher’s background 
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researcher’s “insider” status would influence the interactions with the participating 
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3.6.1. The Insider/Outsider Status of the Researcher

As discussed by Corbin Dwyer and Buckle (2009), there are significant issues with 
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it was important to make the researcher’s background clear to all, and thus all of the 
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academically selective government school. While it is not known whether this influenced 

the school’s decision to engage with the research, during the course of the interview, the 
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would inevitably take place in which the researcher’s own experience would inform the 
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otherwise. When a respondent requested clarification, the explanations and examples 

given must necessarily draw upon the researcher’s own repertoire.

The difficulty of conducting consistently impersonal interviews is described in Corbin 

Dwyer’s (2009) account of her research with White parents of Asian children. As a member 
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differences between the case study school and the researcher’s own experience, and this 

�������������������������������������������������������������������������������



�����������������������������������������������������������������������������������������������������������

�������������������� ���

In an attempt to view these interactions from the teacher’s perspective, it was also evident 
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been present as a formative experience in the researcher’s past life, lack of distance was 
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External considerations that might inform the teacher’s practice were also often discussed, 
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practice were thus occasionally informed by considerations of how the teachers’ own 

��������� ��������� ���� ���� ����������������� ���������� ������������ ������ �������������

�����������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

importance of the role that parents played in their children’s education, offered a student 
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having a parent who was sufficiently familiar with educational expectations. While such 

personal admissions were not specifically prompted through the interview questions, it 
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opinions being expressed were quite frank, especially with respect to difficult students 
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the researcher had often experienced similar situations first-hand, and would not have 

viewed the participating teacher’s opinions, motivations, or actions, in a judgemental 
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seriously flaw their work. (p. 239)

Like Delamont’s (2002) description of Miss Ximenes (p. 35), the research required 

��� ������������� ����� ���� ������ ��� ���� �������� ������� �������� ��� �������� ���� ���������

������������������������������ ��� ��������������� ���� ��������������������� ���������� ����

influences upon their practice; and despite a collegial appreciation of their perspectives, 
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3.6.2. The Roles of the Researcher 

Delamont (2002), in discussing the pitfalls of fieldwork, describes the effect of “going 
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over-identifying with the respondents, and losing the researcher’s twin perspectives 
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the construction of scientific theory or in the application of scientific knowledge to 
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we might distort our findings … by misusing the tools and techniques of our 
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some way in a field situation such that people would be constrained to tell us only 
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on the researcher’s own agenda.
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Indeed, it would be well at this point to consider the researcher’s own background, and 
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success, it is evident that the researcher’s own outlook has been coloured by an underlying 
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that mathematics pedagogy does not necessarily benefit from the affordances of mobile 

devices. Thus, while there is a recognition that such assumptions are flawed, it would be 
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While the lens through which the data were examined was necessarily flawed, the 

������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������

defined, the study was obviously and deliberately biased. By defining the population by 

selection, biased sampling was introduced even before any fieldwork had occurred. Thus 
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discussions would likely revolve around those components of the teacher’s practice that 
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recognisably innovative when considered from an insider’s perspective. 

Alternatively, it could be argued that there would be difficulties associated with the 
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Thus, in order to appreciate the complexity of the teacher’s practice, the researcher was 
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3.6.3. A Focus on Pedagogy and Assessment
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means through which the researcher’s perspective might be clarified:
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��� How do traditional mathematics assessments influence teacher perceptions of the 
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The problem space is, therefore, defined in such a way that the researcher was forced to 
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actively sought pedagogical practices that were in their infancy and thus by definition 
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the issue of fighting familiarity was not so much the province of the researcher, as it was 
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that of the respondent. With an aim of observing pedagogy and assessment in flux, the 
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respondent’s interpretation of what was normal, and what they considered to be novelty 
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Somewhat serendipitously, the researcher’s ability to assume the role of an insider, and 
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Another aspect of the teacher’s assumptions regarding the researcher must also include 
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methods. While the teacher’s thoughts regarding these practices were explored in depth, 

it is difficult to know whether the teacher might have canvassed these ideas in a different 
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3.7. Data Analysis

An appreciation that the researcher necessarily introduces a flawed lens to the data 
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same notwithstanding the nature of the researcher’s prior experience, or irrespective of 
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Thus, with an acceptance that such flaws will exist, we shall draw upon Heshusius’ (1994) 

discussion of such influences:
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becoming immersed in each case study’s situation. In combining audio recordings, 
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the respondent’s story.

Heshusius’ (1994) discussion of participatory consciousness describes a “recognition of 
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come to appreciate the subtleties inherent in teachers’ stories. Thus it is hoped that the 

findings are presented in a way that is representative of each teacher’s reality - or, at least, 

in a way that is true to each teacher’s intention.



�����������������������������������������������������������������������������������������������������������

�������� ���
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own use of mobile pedagogies, and their perspectives regarding bi-directional influences 
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�� [1] this was the first recorded interview at the school, and
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sense of the response to the first question, and so on.
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observed during preliminary analysis of the case study findings.
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A brief explanation of the NSW secondary mathematics syllabus structure
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For Stage 6, students may elect to engage with mathematics at five different levels:
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and Mathematics Extension 2 being the most difficult course.
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4.1. Case Study: Farringdon High School
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school catering to a relatively large Year 7-12 student population. At the time of the first 
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�� Holly’s Year 8 class (2nd of five streaming tiers)
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As a large government school, Farringdon implemented a policy of non-specific BYOD 

(Bring Your Own Device) for students, and as a result students brought a range of 
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The technology was used in the first instance to provide access to a soft copy of the 
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her capacity to judge technology for its augmentative benefits. In conjunction with her 
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4.1.1. Issues With Student-Centred Technology

Holly’s experiences with BYOD influenced her views regarding the practical implications 
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it’s just a bit of a minefield, where you don’t have unity of technology. And that’s 

definitely a barrier to me, to attempting lessons … I just know it’s going to take 
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Geogebra demonstration, which would fill a container with “water” while simultaneously 
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Her attitude towards the technology was therefore conflicted. While she was aware of, and 
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I can see benefits. Like the rates of change thing, it was amazing being able to do 
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difficult … At the same rate as that was filling up on the screen, the graph was 
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Further conflicts then arose when she had to trade off the benefits of having a technology-
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where there are those benefits, and it’s having the time to seek them out … Even if 
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day in planning time. And if you go down a “trying to find a technology solution” 

�����������������������������������������������������������������������������������

�����������������������������������������



�����������������������������������������������������������������������������������������������������������

�������� ���

��� ���� ����� ��� ����� ����� �������� ��������� �������� �������� ����������� ���� ���� ��������

pragmatic. She focused mainly on the trade-off between educational benefits, and the time 
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4.1.2. Technology for Teaching and Assessment
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assessment purposes ranged from applications that had a very maths-specific focus, 
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4.1.2.1. Student Self-Assessment
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Because for juniors, there’s a lot of games out there, but not for seniors. And that’s 
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Because Year 7 is still on that boundary with primary. (Holly, FHS1 0:24:57)

4.1.2.2. Generic Quiz Tools

Holly also used some generic quiz-style tools, such as Socrative and Kahoot!, for both 

pre-assessment and to finish a topic:
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How many lollies do you think are in the packet? There was a lot of food! How 
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… So sometimes you get added benefits out of it that you weren’t necessarily 
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them a questionnaire that said, OK here’s 10 estimation questions … then I’ve got, 
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“OK we’re going to say they’re all millilitres.” … The way the data was collected 
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4.1.2.3. Mathematical Games
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Holly discovered an additional benefit of the computer game format:

It’s like doing Angry Birds, or something … One of those online things where you 
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at, because the screen flashes it up. You can see they’ve done [levels] 1 through 48. 
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- then you do it all the time. But it’s finding the things, and that’s the problem. 
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4.1.2.4. Web-based Graphing Calculators
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towards the teacher, prompting her to exclaim “I am in control!”
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observation, she was surprised to find that this function replaced all of the students’ names 
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confusion, the benefits of the alias functionality became evident to the students and they 
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modified, with reference to what mathematics teachers need. From Holly and Will’s 
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4.1.3. Summative Assessment: Methods and Attitudes
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proof of the sine rule. It’s what the syllabus says. But that’s never come up in the 
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we have a very specific way of marking assessments … things that I deem 
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as defined by Skemp (1976). Holly described the unreasonableness of testing students 
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would be, you know capture-recapture? You capture 20 fish, you tag them … The 
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fish in the lake.

And we tested it as a reverse question, which was, “There’s 2000 fish in the lake, 
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HSC had considerable influence on instruction even when it was a distant proposition, as 
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to take risks. Because those kids need all the help they can get, just to get through 
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� Back to innovative, for higher-achieving students.
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4.1.4. Summative Assessment with Technology
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Depending on the timing of the exams, you might have five topics stacked up 

and there’s an exam coming. So you can’t get five in. So this was a way to assess 
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However, the benefits of automatic marking for the Mathletics test were offset by 

implementation difficulties:
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In addition, the teachers were dissatisfied with the level of control they could have over 
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4.1.5. Exploring Mathematics
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[NESA] allows schools to devise School Developed Board Endorsed courses for Stage 
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“Beauty”, “Cryptography”, “Paradoxes” and “Play”, demonstrating the breadth of what 

����������������������������������������������������������������������������������������

�����������������

��������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������

��������� ��������� ����� �������������� ����� ���� ������ ����������� ������� ��� ������ ���

�����������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������

Exploring Mathematics assessment schedule still included two quizzes - a circumstance 
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first time in 2014, its effects were observed in the attitudes of past students towards their 
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4.1.6. Influences on Teacher Actions

�Ø Research Question 3
What do mathematics teachers perceive to be the characteristics of assessment 

methods that enable and encourage the use of mobile technologies?

�������� ���� ���������� ��� ���� ���������������������� �������� ���������������� �������

������������� ����������� ��������������������� ��������������� ��������� ��� ���������� ������

���������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

�������

�������������������������������������������������������������������������������������������

������ ��� ���� ���� �������������������������� ��������������������������� ����������������

�������������������������������������������������������������������������������������������

�������������� �������� ��������� ���� ��� ������������ ��� ��������������������� ������������

culture needed to be dependable, robust, and justifiable. With assessment methods that 
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�Ø Research Question 1
What do secondary mathematics teachers value in student learning with 

mobile technologies?
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It was significant for Holly’s pedagogy that her willingness to take risks was coloured 
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aspired to the same qualifications as more academically highly-achieving students.
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�Ø Research Question 2
How do traditional mathematics assessments influence teacher perceptions of 

the effectiveness of teaching with student-centred mobile technologies?



�����������������������������������������������������������������������������������������������������������

�������� ���

���������������������������������������������������������������������������������������

������������ ��� ��������� ��� �������� ������ ���� ���� ������ �������� ������������� ������

�������������������������������������������������������������������������������������

����� ������������� ���� ���������� ���� ���������� �� ���������������� ���������� ���������������

���������� �� ������� �������������������������� ������������� �������� ��� �� �����������

�����������������

��������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������

skills, “rather than always being inhibited by externally defined learning goals and 
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examinable syllabus outcomes which are, by their very nature, externally defined. Such 
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syllabus and thus had no externally-defined goals to attain.
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that. So I would like to see some of that assessed. Because some of my kids got, 
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don’t want to make the kids feel they’re crap. But then if we’re only assessing 
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To appreciate the significance of Holly’s response, I shall here revisit another statement 
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4.2. Case Study: St Johns Wood Catholic College
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students purchase iPads for school use proved to be financially problematic for some 
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If we didn’t tackle it in a structured way to begin with, when the technology first 

started to come out, it would have filtered in regardless. They would’ve been using 
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enjoying their ability to do things that “amaze their parents” (Mark, SJW1 0:39:04).
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was twofold; firstly, there was a philosophical position that the school needed to foster 

the development of creativity, and support “those higher order thinking skills in Bloom’s 
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iPads, which was to teach students to be self-sufficient in their learning:
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when they leave school. It’s not only confined to the classroom. Because in the 
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they’ll be lost, themselves, when they get to the workplace. Because it’s constantly 
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Initially it was, for a teacher that wasn’t that confident, “These kids are using this 
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4.2.1. Innovation in Pedagogy
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and the kids would listen to it on the iPad. But now it’s … the kids record themselves, 
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4.2.2. Multiple Uses for an Online Quiz
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revised content knowledge through the online quiz application Kahoot!. The teacher had 
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the intensity of the questioning, there was a sense that the quiz was intended to be “a bit 
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know that R-- definitely - he wanted to have that streak going, we heard him say it 
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While there were students who engaged with the quiz in isolation, there were others who 
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and the competition providing some excitement, the online quiz gave the teacher the 
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the added benefit of automatically recording all of the results in great detail, which were 
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shows you the top five, but then I can have access to how each of them went the 
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4.2.3. Formative Assessment

With evidence of significant variation in the students’ performance, Sarah was able to 
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It was particularly notable that the results from Kahoot!, and other online activities 
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influence over teacher perceptions. There was a sense that, while the actual marks may 

not be aggregated in a formalised way, teachers would nevertheless be influenced by 
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Sarah: I’ll put [the reports from Kahoot!] on my chronicle as an informal mark.

PK: OK … Would you, as an example, use it to group people for the next task?
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4.2.4. Summative Assessment
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could be classified as project work, with students free to use their applications of choice 
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it’s a nine-week term … So our Year 10s finish a little bit earlier, and so that means 
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was also justified as the students’ preferred lesson delivery method.

������������������������������������������������������������������������������������

��������������������

��������� ������ ���� ����� ��� ���������������� ����� ���� ������������ �������� ���� ����

�����������������������������������������������������������������������������������������

�������������������������������������������������

������������������������������������������������������������������������������������

������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������



�����������������������������������������������������������������������������������������������������������

�������� ���

����������������������������������������������������������������������������������������

identified a number of these students as having special needs. Their mathematics teacher 

noted the difficulty of assessing these students under examination conditions.
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to all mathematics lessons and justified all of the teaching strategies employed, with 
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PK: If you were assessing your students informally in class, do you value the sort 
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Martha: Honestly, both. Because to get through life, obviously you have to pass 
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PK: So there’s a pragmatism in it.
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and they ask, “Miss, that’s not enough time. We didn’t finish.” … They need to be 
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right. And try and figure out which answer it is from that. Just depending on the 
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4.2.5. Students and Technology
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As an example, despite the widespread use of Kahoot!, the mathematics teacher was 
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taking technique, despite having been identified as being the most promising candidates 
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PK: So when you’ve got a new app that you’d like to try, what class would you 
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… But with my top class, they’ll still be doing the right thing. And if they finish, 
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with apparent confidence in their ability to work through any problems:

[Students in the top class] use videos if they’re trying to figure out something. 
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4.2.6. Implications of Technology Use
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�Ø Research Question 3
What do mathematics teachers perceive to be the characteristics of assessment 

methods that enable and encourage the use of mobile technologies?
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effectively self-assess, and in the process define their own level of engagement.
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influencing what it was that teachers valued, reconciliation was achieved in various ways, 
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the use of the online quiz for content revision, it was unclear whether that use of technology 

was of material benefit. While the students evidently enjoyed the class, observations from 
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part of the screen reserved for the Kahoot! logo, and with the answer options relegated 

�Ø Research Question 1
What do secondary mathematics teachers value in student learning with 

mobile technologies?
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Kahoot! questions were 
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Kahoot! screenshot.
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education that must tread a fine line between idealism and conformity, whilst catering to the 
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a concrete manifestation of the valuing of self-sufficient learning habits and creativity in 
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�Ø Research Question 2
How do traditional mathematics assessments influence teacher perceptions of 

the effectiveness of teaching with student-centred mobile technologies?



�����������������������������������������������������������������������������������������������������������

�������� ���

�������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������

������������������������������������������������������������������������������



�����������������������������������������������������������������������������������������������������������

�������� ���

4.3. Case Study: Osterley High School
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time of the first interview (2016), it was mathematics teacher Elizabeth’s first year with 
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Elizabeth was a confident though self-deprecating user of technology, a skill that had 
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Everyone’s like going, “Oh you’re so amazing with tech.” And I’m like, I’m 

seriously not. (Elizabeth, OHS1 0:21:11)

With a considerable range of technology literacy in her staffroom, Elizabeth had become 
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technology. At the other end of the spectrum, Elizabeth said that there was also a highly 

experienced mathematics teacher who used “absolutely no technology” (Elizabeth, 
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spacing, draws little Cartesian planes when he needs. (Elizabeth, OHS1 0:16:30)

Elizabeth felt that, for her colleague, the time to develop technology-rich pedagogies may 
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It’s too late. He’s slightly older than me - I think he’s about 60. But I think - 
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computer and say, here’s a computer, use it. (Elizabeth, OHS1 0:18:48)

However, Elizabeth believed that between them they had developed a mutually beneficial 
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an amazing collection of handwritten worksheets. That potentially could make 

quite an awesome book! … He’ll have six or seven different sheets on surface 
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can do it. They can actually sit down and do it. (Elizabeth, OHS1 0:17:07)

While Elizabeth’s students could use mobile devices in class, she found the school’s 

internet connectivity to be insufficient for the smooth running of real-time networked 

applications. As an example, when Elizabeth organised an activity through Kahoot!,
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don’t know. (Elizabeth, OHS1 0:38:53)

Given this restriction, Elizabeth’s employment of technology has tended to favour 
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demonstrated a considerable breadth of possibility for teachers to benefit from classroom 
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4.3.1. Flipped Learning with Powerpoint

While Elizabeth acknowledged that the use of Powerpoint and similar presentation 
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as just conventional slides. But I’ve actually got, like, games within the Powerpoint 
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that you have to select and wave. So yeah - it’s not just copying down. (Elizabeth, 
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In Elizabeth’s case, Powerpoint also allowed her to manage absenteeism, to ensure that 
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online for students who were unable to attend. During the lesson observation, Elizabeth 

��������������������������������������������������������������������������������������

into booklets for her students to fill out. Students therefore benefited from technology use, 

if “technology” was understood to include the ability to print booklets; and Elizabeth, in 
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created course notes for any students who were not present. In addition, Elizabeth’s 
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Elizabeth was also considering adding voice recordings to the lessons, but admitted that
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… but it’s where I see it going, you know. (Elizabeth, OHS1 0:25:24)
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Elizabeth acknowledged that it was difficult to know if the absent students had accessed 
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check by videoing her lessons and making them accessible through EdPuzzle, an online 
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questions as they’re going through (Elizabeth, OHS1 0:27:03)
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absent students were able to keep up - an assumption that she verified by following up 
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But then, they do it. (Elizabeth, OHS1 0:36:34)
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I think [the technology is] helping their engagement, which flows on to better 
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nobody has big chunks of learning missing. (Elizabeth, OHS1 0:35:35)



�����������������������������������������������������������������������������������������������������������

�������� ���

4.3.2. Formative Assessment with Plickers

While content coverage was a significant driver for Elizabeth’s use of Powerpoint, she 
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they think it is. But then they all can see. So I mean I try and do it, OK on count 

of three, 1, 2 3, but then they all go and switch their cards around. (Elizabeth, 
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With such difficulties in obtaining a true indication of her students’ understanding, 

Elizabeth introduced Plickers, an application that includes a set of flashcards not unlike 

���������������� ������������������������������������������������������������������������

����������������������������������

��� ����� ������� ���� �������� ��� ���������� �������� �� �������� ����� ����� �� ���� ���

����������������������������������������������������������������������������

�� B �� ��

� B � ���������������

���������������

�����������������

��������������

���������������

�����������������

������ ���� ��������������� ������������������������������������������������������������������



�����������������������������������������������������������������������������������������������������������

�������� ���

����������������������������������������������������������������������������������

���������������������������������������������������������������������������������

�����������������������������������������������������������������������������������

(Elizabeth, OHS1 0:39:22)

While Plickers and similar methods of formative assessment do use technology, Elizabeth 
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it gets away with all the BYOD problems, you know the kids who don’t have, 
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internet at school is down then I just go on to my 4G … And I just find they take it 

more serious than they do with Kahoot. Kahoots can get out of control. (Elizabeth, 
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4.3.3. Rich Assessment Tasks
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At the time of the first interview, Elizabeth was working on updating an existing Year 7 
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(Elizabeth, OHS1 0:45:27)
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that Elizabeth had inherited from the previous version of the task.
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number, have you identified your number as prime, and even … you know, cultural 

context, all that sort of stuff. (Elizabeth, OHS1 1:34:50)

Creativity also figured in the Year 8 assessment task, which required students to use a 

����������������������������������������������������������������������������������������

to house size ratio. Students would provide costings for building materials and solve the 
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Elizabeth expressed some concerns regarding the comprehensibility of this assessment 
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spend some time deeply thinking about [it]. (Elizabeth, OHS1 0:53:40)

The reasonableness of the assessment tasks was an issue that Elizabeth thought could 
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assessment task involving the construction and use of clinometers, to Year 10 financial 
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becomes overwhelming, they’re not going to get there. It’s finding that sweet 

spot. And these assessment tasks, I don’t believe, hit the sweet spot. (Elizabeth, 
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tasks, Elizabeth was convinced that the students did not like this method of assessment.
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my experience. They will find - the good kids will find the silver lining. Like they 

will go, “OK, so the focus study was such an annoying assessment task,” it took 

them so long, blah blah blah. “But I suppose one day we’ll have to buy a car, so 

maybe it’s good for that.” … But if you said to them, “Would you prefer a test?” 

They’ll say yes. (Elizabeth, OHS1 0:51:38)

4.3.4. Examination-based Assessment

Elizabeth’s perspectives regarding the project-based assessment, and her assertion that 

�����������������������������������������������������������������������������������������

her students’ attitudes towards mathematics assessment. In Elizabeth’s opinion, students 
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because it allows them to be lazy. Because they can go in, and fail the test, and it 
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having to do any study. (Elizabeth, OHS1 0:48:12)
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Elizabeth’s perception was that students would self-label, adopting a “fixed mindset” 
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stupid at maths. They can’t do it. OK. So then they come in to a test, and they’re 
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well on the test, but it’s an hour of pain. (Elizabeth, OHS1 0:48:37)
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worth; and indeed, Elizabeth was clear regarding these students’ attitudes towards their 
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successful. But they actually hate the fact they have to spend a lot more time 

… They couldn’t care less [about the result]. Because they already think they’re 

stuffed at maths. (Elizabeth, OHS1 0:49:20)

This being the case, it was surprising that Elizabeth felt that her higher-ability students 
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They know they’ll do well on the test … Walk in, breeze through the test, they 

get 70% or 80%, whatever they get, and they’re happy (Elizabeth, OHS1 0:49:42)

incidentally evincing a somewhat blasé disposition towards the finer-grained aspects of 

marks and relative ranking. Indeed, in Elizabeth’s opinion, this preference for minimal 

effort carried through into Year 11, when the results would begin to be significant for the 

students’ Higher School Certificate:
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prefer tests, because it is an hour, or an hour and a half. (Elizabeth, OHS1 0:51:06)

4.3.5. Work Ethic

Elizabeth’s observation that examinations allowed students to be “lazy” led to her doubting 
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regarding the tedious nature of the school’s project-based assessment tasks, she firmly 

believed that “we really need to move away from tests” (Elizabeth, OHS1 0:48:08). 

Indeed, Elizabeth’s attitudes toward both assessment methods were consistent with her 
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they’re going to get there. (Elizabeth, OHS1 0:57:43)

Work ethic was a major recurring theme for Elizabeth. She strongly believed that her 
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disengagement or artificial constraints. Of her lower-ability Year 9 class, she noted that 
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work. You know. But they just - they’re allowed to just come in and fail. Whereas 

I wouldn’t allow that. (Elizabeth, OHS1 1:32:01)

Given a lack of power to change the school’s assessments, Elizabeth chose to institute 
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choosing to simply “roll up and fail” (Elizabeth, OHS1 0:50:24).
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they fail the exam they have to resubmit it as an assignment. OK. So you can’t just 

fail it. (Elizabeth, OHS1 1:30:50)
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just [ask someone else to do the exam for them]. (Elizabeth, OHS1 1:31:41)

4.3.6. Teaching for Understanding

Elizabeth’s position regarding the importance of doing regular work, and the value 
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do it. (Elizabeth, OHS1 0:00:15)

Elizabeth claimed that her choice to develop her students’ understanding and mastery 
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understanding, Elizabeth demonstrated the derivation of this formula using some very 
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Elizabeth recalled the satisfaction of teaching the proof, and finding that her students 

were able to appreciate its significance:

������ ���� ����������������������������������� (Encyclopaedia Brittanica, 1999)
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So I’m going, “Isn’t this amazing?”, and they’re all like, “Yes!” Finally got some 
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them doing area of a rectangle equals πr�. Because they remembered the rectangle, 

not the circle it had come from! (Elizabeth, OHS1 1:21:10)
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to get them to understand it, they’ll never (Elizabeth, OHS1 1:21:36),

Elizabeth was forced to confront the dilemma of whether it was meaningful to simply 
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mark, so it ranks them up one more rank? (Elizabeth, OHS1 1:25:40)
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you really are teaching the test. (Elizabeth, OHS1 0:03:03)

It was apparent that Elizabeth valued the development of understanding, but from a 
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�����������������������������������������������������������������������������������������������������������

�������� ���

������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������

������������������������������

4.3.7. Valuing Creativity in Student Mathematics

���� ������������������������������������������ ���������� ���������������� ����� ��������

creativity would be of lesser importance. Elizabeth openly admitted to struggling with 
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OK I want to be doing that, but am I? Yeah. Am I valuing creativity? When I’m 
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creative way? (Elizabeth, OHS1 1:36:14)

However, following some discussion of creative problem solving methods, Elizabeth 
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cool. (Elizabeth, OHS1 1:38:55)
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Similarly, she did activities such as “this is the answer - come up with five questions” 

(Elizabeth, OHS1 1:39:35), particularly with the younger students, and she described the 
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whose creative thinking was devalued in favour of conformity and fluency.

���������������������������������������������������������������������������������

ever finish a test in an hour, but what he does, he gets 90% right. So he’s getting 

����������������������������������������������������������������������������������������

have an extra half an hour, he’d be able to demonstrate his full thing. (Elizabeth, 

�������������

Elizabeth contended that, despite the student’s examination results, he clearly had 
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(Elizabeth, OHS1 1:43:03)

Elizabeth demonstrated the student’s slowness of speech - “everything is just done at 

that pace!” (Elizabeth, OHS1 1:42:19) - and argued that he just needed a bit more time 
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would be permitted no more than a five minute break as a concession to any diagnosed 

����������

But I just think, oh it would be sad … that that result was always going to look 
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not achieving as well as he can.” (Elizabeth, OHS1 1:44:20)

4.3.8. The Sweet Spot: Balancing Work and 

Extracurricular Interests

����������������������������������������������������������������������������������������������

that Elizabeth’s pedagogy valued work ethic above all other factors. This disposition was 

made clear to her students through Elizabeth’s own work ethic, and enforced through 

constant checking. It was also evident, however, that Elizabeth did not agree with a 
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Elizabeth’s lesson planning demonstrated an appreciation that the development of 

�������������� ������������������ �������� ������������ ��������� ����� ���������� �������

�Ø Research Question 1
What do secondary mathematics teachers value in student learning with 

mobile technologies?
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such as those described by Balota et al. (2007), which found that spaced repetition was 
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significantly more effective for performance in assessment tasks that were conducted 
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experiment on mixed practice also validated the effectiveness of Elizabeth’s standard 
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different topics. It was apparent that, irrespective of Elizabeth’s technology use, her 
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Technology use permeated multiple facets of Elizabeth’s practice, providing her with access 

to game-like pedagogies, formative assessment and flipped learning, as well as allowing 
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use of technology in the classroom was fairly limited, but Elizabeth was largely able to 
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were the flipped learning and the completion of the “rich task” assessments, both of which 
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Elizabeth’s situation was particularly significant for the purposes of this research because 
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circumstance may share some similarities with the field experiments described by Fryer 
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This interpretation of the anomaly appears to fit when we consider that Elizabeth was 
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them during the examination. Indeed, the artificially restrictive nature of the examination 

was flagged as an issue in a number of scenarios, mainly with regard to influencing 
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traditional form necessarily assesses a confluence of  a particular set of skills, and, just as 
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�Ø Research Question 3
What do mathematics teachers perceive to be the characteristics of assessment 

methods that enable and encourage the use of mobile technologies?
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Elizabeth’s unequivocal statements regarding Osterley High School students’ preference 
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Elizabeth did explain that
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must keep that up (Elizabeth, OHS1 0:37:09),

it would be reasonable to infer that the general school culture would reflect something 
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view of academic priorities, Elizabeth was able to employ digital technologies to impress 

her own values upon her classes. Her high level of proficiency with technology, and 

a confidence in her own ability to manage the investiture of new applications, gave 

Elizabeth the ability to use the technology as a tool which could help to track and enforce 

�������������������������������������������������������

With her insights into Osterley High School’s mathematics assessments, Elizabeth’s 
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that Elizabeth appreciated the difficulty of “finding that sweet spot” - the creation of a 
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4.4. Case Study: Bermondsey College

Philip was a mathematics teacher with Bermondsey College, a girls’ private school located 

in an affluent part of Sydney. At the time of the first interview (2016), he had a part-time 

���������������������������������������������������������������������������������������

mathematics classes for students aiming to complete the International Baccalaureate (IB). 
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Year 9 5.2 class (a medium level class - see NESA, n.d.b), Year 11 IB Standard, and Year 

12 IB Standard (IBO, n.d.d).

Year 7 students at Bermondsey College were required to have iPads for school use, 
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they progressed through their schooling, and their choice of device often reflected the 
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“all just PDF documents” (Philip, BC1 0:03:51), as well as access to some mathematics-
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that could go wrong, probably will go wrong (Philip, BC1 0:06:29)
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doesn’t always work. (Philip, BC1 0:07:18)
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Given the attendant difficulties, Philip’s classroom technology use was very considered, 
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equated to the development of mathematical understanding. His attitude reflected a belief 

in the importance of establishing firm foundations, a philosophical position that led him 

to teach content from first principles, despite appreciating that the students would not 
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Because otherwise, without that, you’d just basically be becoming a trained monkey, 

just, like, processing numbers. And that’s dangerous. (Philip, BC1 0:20:32)
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BC1 0:04:10)

�Ø Research Question 1
What do secondary mathematics teachers value in student learning with 

mobile technologies?
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partly because Bermondsey College did not have designated mathematics classrooms, 
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with and fiddle around with, and then discover it for themselves, instead of just 
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to work it out - it does help. It does help a lot. (Philip, BC1 0:04:59)
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(Philip, BC1 0:07:52)
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to demonstrate the inadequacy of a flat-screen representation:
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at the back that you can’t see?” “What ones?” (Philip, BC1 0:08:27)
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about this size, give them a pen. No technology. And then I use the technology. 
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it. And, you know, they get - instant gratification. (Philip, BC1 0:54:23)

4.4.1. Technology Use in Examinations

Bermondsey College offers students the choice to undertake the International 

Baccalaureate’s Diploma Programme (IBO, n.d.c and n.d.d) as an alternative to the 

NSW Higher School Certificate. As the teacher responsible for Bermondsey College’s 

IB Standard mathematics classes, Philip’s work was guided by an assessment regime that 
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The first is the mandated use of graphing display calculators. These offer much the same 
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being their inherent inability to support further technological affordances. IB students are 
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hand is a different exercise altogether. (Philip, BC1 0:11:47)
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necessarily modified the nature of the mathematics that students were expected to 
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IB mathematics paper, 
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kids will not be able to answer questions. At all. (Philip, BC1 0:12:30)
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attitude towards the Higher School Certificate course, which

������������������������������������������������������������������������������������

been superseded. By calculators.

… The syllabus that was set for my leaving certificate is still in place today. So, 

���������������� ���� ������� ��� ����������� ������ �������� ����� ��� ��� ���� �������
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bizarre. (Philip, BC1 0:13:23)
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examinations was more circumspect. While he criticised the artificial restrictions placed 

��������������������������������������

���� �������� ���� ���������������� ���������� ������� �������� �������� ����������������
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in these artificial restrictions on what they can and can’t use. It’s just the rules, but 

not reality. It’s test reality (Philip, BC1 0:15:38),
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answer questions, or their ability to use Wolfram Alpha. (Philip, BC1 0:16:22)
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Here’s a picture of a water tank. OK. Work out the volume of it, and I’ll give you 
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would become completely different. (Philip, BC1 0:17:33)

However, Philip also felt that such questions might be overly difficult for some students, 
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sort of saying to someone, go and solve something that’s really difficult to do. 

(Philip, BC1 0:18:48)
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taught the IB course, which permits a particular level of technological affordance in its 
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4.4.2. Project-Based Assessment

The second notable aspect of the IB mathematics assessment is its inclusion of a compulsory 

�����������������������������������������������������������������������������������������

conditions. At Bermondsey College, this method of assessment was particularly novel 
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done, or some tutor had done, or something else. (Philip, BC1 0:24:45)

Philip’s view was that the teachers at Bermondsey College considered the examination-
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it’s the best that we can do, with the parameters that we’ve got. (Philip, BC1 0:25:20)

The IB’s written report departs from this regime, requiring students to produce a 10 - 15 
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(Philip, BC1 0:27:17)
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skills that they need to develop” (Philip, BC1 0:26:16), particularly as “it builds skills 

that you need when you finish school and go into university” (Philip, BC1 0:28:06). 

As such, he appeared to view this particular assessment task first and foremost as a 
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Bermondsey College’s experiences with the doubtful provenance of assignments from 
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to actually develop those skills (Philip, BC1 0:28:17),

and while students were required to sign an affidavit to confirm that the assignment was 
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BC1 0:28:49)

Philip brought multiple perspectives to discussions about the IB assessment. At the time 

of the interview, his own daughter was an IB candidate (Appendix A-16) - a situation with 
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I’m in this situation, I’ve got my daughter who is doing this course, the IB, a maths 
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that does happen. (Philip, BC1 0:29:46)
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beneficial for learning and appropriate for assessment. He also, however, indicated that 

he believed that it was more suited to motivated students; and while the IB may merely 
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particular standard. By withholding the IB qualification from students who are unable to 
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the IB is not only deliberately non-inclusive but actively seeks to maintain its status as a 
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It is therefore plausible that Philip’s own certainty regarding the benefits of the IB 
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attempt the IB (IBO, n.d.b). Since the IB actively discourages participation by lower-

ability students, it may be that the students who choose to attempt the IB personally have 
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when producing a written assignment. The weighting of the report is also significant 

- 20% of the final mark is not such a large amount that it would skew the results for a 
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4.4.3. Tertiary Entrance Ranking

The IB assessment offers a further complication in that it maps directly to university 
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matriculation examinations. However, this restriction does not apply to the IB, which 
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your official academic transcript) per the table below [see Table 4.1]. For tertiary 
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The ATAR equivalence of these IB scores is defended on the basis of IB students’ 

subsequent first year university achievement (ACTAC, 2016). It is notable, however, that 
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the IB offers an unlimited number 
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[The IB] have, on all of 

������������������������������

Higher School Certificate 
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it’s very specific, how the 
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BC1 1:34:10)

Philip noted that the IB score 
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of students achieving perfect IB scores (and thus perfect tertiary admission scores) within 
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4.4.4. IB Mathematics and Valued Learning

The IB mathematics assessment model therefore offers a number of notable perspectives for 
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IB mathematics differs from the NSW Higher School Certificate in a number of respects:

�� �������������������������������

�� The inclusion of a centrally mandated written report comprising 20% of the final mark

�� ����������������������������������������

�� Coarse granularity of scores (maximum score is 7/7, equivalent to a final mark of 

����������

In addition, the IB diploma programme exhibits the following characteristics:
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sufficiently high.
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In combination, the IB assessment model bears remarkable similarities to university 

assessment. It is therefore unsurprising that there is a strong correlation between IB 

achievement and achievement in first year university, upon which the model used to 

compute the UAC score-to-rank conversions is based. However, given that the IB is not 
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No. Never. Because we’d be basically saying, we don’t think the government’s 
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have tried. (Philip, BC1 1:38:50)

there is the inevitable perception that the IB is only offered to a privileged few; and the 
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favourable treatment. Indeed, it is unclear whether the IB course’s promotion of students’ 

university readiness confounds the conversion process, given that the IB students have 
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an advantage into first year university assessments.

The IB diploma is also particularly notable for its ability to transcend the values imposed 

by the NSW Higher School Certificate. It demonstrates the effect of offering an alternative 

assessment regime that results in a recognised and equally valid qualification - but, 
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BC1 1:15:31)
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would have the opportunity to attempt the IB.
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and things like for the Higher School Certificate, that we changed schools. Because 
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beyond. (Philip, BC1 1:14:26)

In making a point of including a written report in the mathematics assessment, the IB 
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and do it all correctly. But that’s only part of the assessment criteria, right. So, 
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call maths skills, but, yeah, it’s still maths, related to maths. (Philip, BC1 1:16:14)

As such, the IB mathematics written report component makes the teaching of these 
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It should also be noted that the IB assessment omits yet another “C”, and it is significant 

that, despite deliberately finding words that begin with “C” to describe what is valued in 
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point of difference between the IB and the NSW HSC methods of ranking students. 

Indeed, given that the IB assessments are marked according to rubrics that are known in 
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the possibility that students’ Citizenship and Collaboration skills may also benefit from 
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not. While the IB’s score-to-rank conversion obviates the need for IB students to be aware 

of the competition, the existence of this conversion plainly demonstrates the need for IB 
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can only exist while the IB maintains its status as a niche product, available only to a 
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naturally raises questions about equality of opportunity, if the IB gained significant market 
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for socioeconomically advantaged students to benefit from their ability to choose the 

assessment method that best suits them. Perhaps equally important, the mapping of IB 
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it becomes more generally understood that the IB effectively creates an unlimited number 
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4.4.5. Lessons From IB Maths Assessment

The IB offers a glimpse into what assessment could be like, but its characteristics also bring 

to light the difficulties that could arise when catering to a larger and more diverse student 

population. The graphing calculators change the nature and difficulty of the mathematics 

�������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������

be satisfactorily addressed before IB-style assessment can be considered for mainstream 
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in mathematics, and the IB assessment regime provides insights into the ways in which 
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Philip noted, permitting graphing calculators in the IB mathematics examination meant 
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is unequivocally beneficial, consideration must be given to the extent to which technology 
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�Ø Research Question 3
What do mathematics teachers perceive to be the characteristics of assessment 

methods that enable and encourage the use of mobile technologies?
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assessments to contribute inordinately to competitive ranking. The IB’s proposed solution 

gives weight to such an assessment, without allowing it to dominate the final mark, thereby 
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�Ø Research Question 2
How do traditional mathematics assessments influence teacher perceptions of 

the effectiveness of teaching with student-centred mobile technologies?
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beneficial for the more highly-achieving students, the abstract nature of the mobile 

device’s representation is not necessarily suited to all. The benefits of mobile learning can 
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4.5. Case Study: Chesham House

Chesham House is a private co-educational Christian school located in a quietly affluent 

part of metropolitan Sydney. Catering to years K-12, the school recently introduced 
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with no particular device being specified for Year 8, but by Year 9 students were expected 
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mathematics classes: the third Year 8 class (of five), the top Year 9 (accelerated), the fifth 

Year 10 class (of five), and the second class for Year 12 2-Unit mathematics (NESA, 
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The Mathletics is, normally they’re ten-question quizzes. And the positive thing 

about it is instant feedback. And a variety of grading questions. But also, there’s 
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instruction and student practice, but with the added benefits of formative assessment and 
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my ten strongest, the ten in the middle and then there’s five ones who are a bit 
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4.5.1. Educreations and YouTube
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2016, as part of this scheme, Patrick chose to create a flipped learning experience whereby 
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Rather than film himself teaching, Patrick used the screencasting app Educreations to 
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You can’t see me. So, it’s almost like a Khan-academy style video. (Patrick, 
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the classroom more effectively. By outsourcing the direct instruction component of his 
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Behaviour management was an issue with them, and I’m not having to manage 

their behaviour. Because I can stand at the back of the room, and say, “You’ve 
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4.5.1.1. YouTube and Quantitative Formative Assessment
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watching it. It’s linked to twenty-five students, so if there’s ten views, then I know 

that fifteen kids haven’t done their homework. [But] I can’t tell whether individuals, 
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4.5.1.2. Attention Span and YouTube Norms
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(see Figure 4.10) led to a strategy of developing filmed lessons that were as short as 
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Trying to really say, OK, it’s a ten minute video. I can’t cut it down … what 
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While Patrick was not able to find out which students had watched his video, or how long 

they were engaged with it, he was able to find out the average amount of time people 
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Not, this is the fifty watches, this is how long they have - You might be able to 

find that data, but, I got the average watch length. That sort of gave me a bit of an 

indication as well, that some were not finishing it. (Patrick, CH1 0:16:28)

��������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������

��������������������������������������� ������������������� ������������������ ������������

����������������������������������������������������������������������������������������������

������������������������������



�����������������������������������������������������������������������������������������������������������

�������� ���

4.5.2. Pre-Recorded Teaching and Summative Assessment

While the use of pre-recorded lessons significantly changed the teaching and learning 
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benefits in relation to the lesson’s availability when students were revising previously 
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choice benefited students who were keen to learn. His perception that
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times - for them, much of a muchness perhaps. But, for the students who wanted 
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With the quantitative nature of summative assessment implying a quantifiable difference in 
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of the benefits of traditional teaching whilst offering a number of additional advantages 
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4.5.3. Assessment Mechanisms
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contributed significantly to students’ final marks, since, as Patrick noted,

Done well, I think they have to be at least sort of ten, fifteen percent. I think 

for this Year 7 one next term, it’s a significant percentage. 20%. Because it’s 
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to go find a job they wanted, find the salary, calculate the tax, any deductions you 
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4.5.4. Effects of Examinations
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�Ø Research Question 2
How do traditional mathematics assessments influence teacher perceptions of 

the effectiveness of teaching with student-centred mobile technologies?
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efficacy of direct instruction. In addition, it appeared that Patrick sensed that switching 
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of five, to Year 9 5.3 where they’re really the bottom class, out of two. (Patrick, 
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students, five used hardcopy textbooks, and the remainder used either softcopy textbooks, 
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4.5.5. The Effects of Teaching with Technology
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technology lesson for the benefit of the observation. Thus the students spent the period 
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�Ø Research Question 1
What do secondary mathematics teachers value in student learning with 

mobile technologies?
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puzzle shown in Figure 4.11. Working with a partner, she had determined that the slope 

����������������������������������������������������-coefficient, but she had not yet 
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it flatter?”) demonstrated the value of the technology for supporting higher-order 
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as the “Pause” and “Anonymize” buttons (see Figure 4.2), the technology as it was used 
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referred to as the “brains trust” who, by the end of the period, were doing the final free 
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As well as allowing students to work at their own pace, each Marbleslides puzzle was 
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offered significant potential for classes to be run where students would learn from peers 

����������������������������������������������������������������������������������������

�������������������������������������������������

4.5.6. Assessment and Streaming
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in the achievement hierarchy - descriptions such as “Year 8, third class out of five”. 
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Streaming definitely I think has a big impact on how you do things. I’m teaching 
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weakest mathematics group with very significant behavioural issues, and I’ve got 
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pitch a lesson at them, is extremely difficult. (Patrick, CH1 0:26:46)
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the scale of things. But when it’s a smaller cohort, you’re really tied a little bit. 
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With potentially wide variation in students’ mathematical understanding, Patrick identified 

the creation of assessments with appropriate levels of difficulty as being a significant 
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[In] Year 7, we have a top group, and we have a fifth group, and then classes 2, 3, 
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The choice to run mixed-ability classes for the middle tier of students was significant 
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policy of streaming these students did not offer significant pedagogical advantages. 
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class, the knowledge that the class is mixed may subtly influence the teacher’s approach, 
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(Boaler, Wiliam & Brown, 1998).
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also significant that the class was considered to be high ability, as such a circumstance 
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4.6. Case Study: Elm Park High School
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(NSW Department of Education, 2017a). While the school has no direct influence on the 
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academically selective high schools is fiercely competitive, and it is common practice 
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At the time of the first interview, Daniel had been Head Teacher of Mathematics at 
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At school, almost all forms of mobile devices were seen to be bad. Because students 

weren’t explicitly taught how to use it responsibly, for their own benefit, as opposed 
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pre-retirement age, or even in their forties and fifties, who might not be pre-
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and a more recent graduate in his faculty who used Kahoot!:
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to then start to create those sort of resources on Kahoot!. (Daniel, EPHS1 0:05:20)
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A related factor that Daniel identified as contributing to the older teachers’ reluctance 

to incorporate mobile technologies in their practice, was a school culture that defined 
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They’re fiercely protective of their private hours. Basically private hours are 
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forget it … I respect the people who, OK, want to protect their own family time. I 
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4.6.1. Streaming of Mathematics Classes
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Stage 5 (Years 9 - 10) - from a potentially modified Life Skills curriculum, through various 

combinations of the syllabus content for Stages 5.1, 5.2 and 5.3 (Board of Studies, 2012). 
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was the previous practice, we then looked at, OK, well, these are the sections that 
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4.6.2. Rote Learning and Drill
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To counteract this deficiency, Daniel supplemented the Cambridge text with photocopies 

of exercises from two other textbooks: the first edition of Mathscape, and ICE-EM. He 

explained that, while ICE-EM was not a “NSW-flavoured” textbook, it contained material 
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The primary authors being, well, Sydney Grammar … Peter Brown, Garth 
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very finely distilled. And they’ve written it so that they know that this stuff will 
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don’t do it, then forget it. But they’re trying to meet it from the, we’ve done our 
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and he expressed a firm belief that if students achieved highly, the results would be largely 
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- no, you go and teach them a terrific lesson, a blastingly good lesson, each and 
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But you need to get it to a half, as much as possible. (Daniel, EPHS1 1:27:35)
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tries to reflect what you’re doing at school. Now this is not always possible, but 
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4.6.3. Student-Centred Mobile Technology
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more flexibility, especially with the “A” class, [which is] usually the enrichment 
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much room and leeway to cut some content out, in order to fit in some extra bits 
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Thus Daniel’s patterns of mobile technology use in class reflected his view that 
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efficient, with a particular emphasis on taking care with working rather than verifying that 
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particularly benefited the higher-achieving students because their experience of learning 
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4.6.4. Technology for Real-World Application
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The relatively limited nature of the in-class mobile learning reflected a prevailing sense 
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up stuff and then bring the online bits in … Bring the online bits and pieces to try 
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Daniel’s own path took him from an unfinished electrical engineering degree to 
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For them, it’s just, “Oh, really? I never knew that!” … But they see it as, far too 
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Thus, with a lack of teachers who had first-hand experience of real-world applications of 

������������������������������������������������������ �����������������������������

specifically either for mathematics or for education. 

4.6.5. Technology for Communication
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adequately for assessment contributed significantly towards Daniel’s choice to use student-
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Moodle. But for us, I saw it as one-way traffic. For us, the way that we were 

using it, before 2015, was that it was just a tool to dump PDF files on. (Daniel, 
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[The students] don’t rename the image files. So you get image001, and you go, 
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�Ø Research Question 2
How do traditional mathematics assessments influence teacher perceptions of 

the effectiveness of teaching with student-centred mobile technologies?
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former colleague from Redbridge, who said that, at least with boys, it was insufficient to 

����������������������

���������������������������������������������������������������������������������

��������������������������������������������������������������������������������

����������������������������������������������������������������������������������

������������������������������������������������������������������������������



�����������������������������������������������������������������������������������������������������������

�������� ���

����������������������������������������������������������������������������������������

����������� ������� ���� ������������ �������� ��� �������� ���� ��� ������� ������������

����������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������

��������������������������������������������������������������������������������

��� ������ �������� ����� �������� ������� ���� ���������� �� ������ ��� ��� ������ �����

����������� ����������� ������������������������������������������������������

�����������������������������������������������������������������������������������

����� ������ ������� ��� ������� ���� �������� ����� ������ �������� ��������� ���������

��������������

�������������������������������������������������������������������������������������������

���������������������������������������

You can dump PDF files [on Moodle], but it really lacks the two-way 
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What isn’t a flop is, they still enjoy the fact that the content library is still there. 
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4.6.6. Mobile Device Usage Patterns

Elm Park’s academic focus was reflected in the formal acceleration of parts of the 
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replacement … one device as opposed to five textbooks” (Daniel, EPHS1 0:53:32), 
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�Ø Research Question 1
What do secondary mathematics teachers value in student learning with 

mobile technologies?
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succeeded. In general, however, the software use tended not to be mobile-specific; and 
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software applications that could be run offline, such as Geogebra and Excel. 
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offline software application. (Daniel, EPHS1 0:54:55)

4.6.7. Mathematics Assessment
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being defined in terms of the curriculum, and how thoroughly it had been covered in 
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When they progress on to the next level, which is university, for the first three 
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and while he believed that assessment should reflect real-life applications, his view of 

this was that, under examination conditions, the application must be artificially contrived.
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Daniel described a previous year’s examination question on Blood Alcohol Content as an 
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on Blood Alcohol Content offered a real-life scenario for which they could apply their 

��������������������������

4.6.8. Examinations versus Investigative Tasks
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progression, we still don’t know. NESA hasn’t published it yet. But we are heading 
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selective schools have. Because all of us will operate in a very similar way. That 
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Because we don’t offer Stage 5.2, so we can’t set a separate one for them … 
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was sufficient to deter students from attempting to cheat (Daniel, EPHS1 0:31:34). 

Interestingly, Daniel also theorised that it would be comparatively difficult, if not 

�Ø Research Question 3
What do mathematics teachers perceive to be the characteristics of assessment 

methods that enable and encourage the use of mobile technologies?
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because the software for detecting plagiarism was not sufficiently sophisticated.
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online etc. But with maths symbols, how do you do it? If it’s handwritten, how 
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Turnitin (Daniel, EPHS1 0:33:10); but he was dubious as to the efficacy of this method 
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4.6.9. Low-Tech Initiatives for Improving Assessment Results
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4.6.9.1. Student Self-Reflection
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a self-reflection sheet (Figure 4.13), which was given to students at the same time as the 

examination solutions. He noted that the self-reflection sheet had been well received by 
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������ ����� Detail from Elm Park Student Self Reflection sheet.
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OK, all right, extra class for you at lunch time. (Daniel, EPHS1 0:43:50)

Daniel viewed the student self-reflection as a “tool that we can wield to drive up 
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4.6.9.2. Examination Feedback Sessions
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was able to harness efficiencies that were made possible by other, albeit older, technology.
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based. But the new tools that we have had, with data projectors etc, faster printers 

with stapler, has helped us to become more efficient. (Daniel, EPHS1 0:47:13)

4.6.10. Early Exposure to Senior Curriculum and 

Assessment Mechanisms
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set their work out on blank lined sheets of paper which reflects the HSC, which 

is booklet form, with lines. And give them the self-reflection sheet, just like the 
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find more difficult:
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4.6.11. Fluency Versus Understanding

Daniel’s view that students were best served by acquiring fluency with the practices that 

contributed towards HSC performance, was reflected in most of the mathematics faculty’s 
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While his main emphasis was on the acquisition of fluency through drill and rote learning, 
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did not perform as well in mathematics tasks that would benefit from some measure of 
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mathematics, he did not consider this to be in conflict with the apparent requirement for 
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acquisition of fluency was a fundamental requirement for success; and the creativity was 

only necessary at the highest levels of mathematics, and only then for the most difficult 
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again, most didn’t. Which is a reflection of some of them having rote-learned 

their way through Extension 2. And I think that’s where it’s very, very difficult. 

Extension 1, you can rote-learn your way through it. 2-unit you definitely can 
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of the polynomials at Extension 2 level. Fair enough. But then, the next sub-part, 
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them flunked it. (Daniel, EPHS1 1:34:18)
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rote-learn your way through it, with almost zero creativity. But I think the HSC is 
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4.6.12. In Pursuit of Academic Achievement
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Elm Park fulfilled its promise as a rigorous training ground for high-performing students. 
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which assessment - and, specifically, a focus on exceptional performance in high stakes 

assessment tasks - would influence the uptake of mobile pedagogies.
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deficiencies through intensive practice. Areas of particular difficulty were introduced 
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to benefit from the enrichment activities. The same students, at any other school, would 
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His perception that it was difficult to prove plagiarism in mathematics appeared, at least 
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conceptually, rather than their ability to relate mathematics to the infinite variety of real-
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With achievement in high-stakes assessment tasks influencing all aspects of mathematics 
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the classroom, in favour of offline applications such as Excel, suggested a hesitancy towards 
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to be used as a mechanism that could more efficiently manage the time and attention that 
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4.7. Case Study: Moorgate Secondary College
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flexible furnishings to form work spaces, and traditional teacher-centred instruction was 
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matter specific, all teachers fielded student enquiries in areas outside their own Key 

Learning Areas [KLAs], and indeed the school deliberately rotated teaching assignments 
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“Fuse”, which was structured around the school term. For the first seven weeks of each 

term, all middle school students participated in a “Tutorial Blitz” in Science, English, 
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iBook “task cards”. Each of the four main subject areas presented a task for the students 
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tables so [they get] the most people in their restaurant. But the whole point being, 
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area, each of up to half an hour’s duration. The pre-test, conducted in either the first week 
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at, can we fit something we’ve missed, in later, and try and get them more up to 
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in the first couple of days, just to say, take a deep breath, this is probably going 
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to take two weeks before they really start to find their feet, with how some of the 

terms we use, the Task Cards and the Stages and the Weeblys and where they find 
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4.7.1. Choice of Pedagogy
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and figured significantly in the 
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4.7.2. In-class Formative Assessment
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relatively difficult for teachers at Moorgate Secondary College to employ traditional 
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Because, you can’t just say, yeah, have you done your ten questions, or have you 
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�Ø Research Question 1
What do secondary mathematics teachers value in student learning with 

mobile technologies?
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We’ve used a lot of these sort of apps - like Kahoot! … Even if we produce a new 

app, they’ve used that Kahoot! app so often that they understand the idea of it. 
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a little bit bored, but all of a sudden, dragging their finger around where they 
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the finer details were considered to be irrelevant, and that instead the data were intended 
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- a circumstance that subtly influenced Malcolm’s interactions with individual students. 
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4.7.3. Student Self-Assessment
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asking students to self-assess their level of confidence with algebra.
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with a roughly even spread between “confident” (thumbs up) and “not confident” (thumbs 

down). The teachers clearly accorded significant weight to this indication; it was apparent 
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confident at all, I think a lot of it’s just because it’s all new to them. So it’s getting 
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between not confident, and confident … I’d be happy with that, with algebra, in a 
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Student self-assessment figured prominently in the Moorgate culture, with students 
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operated across each school year group and allowed students to choose the difficulty level 
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�Ø Research Question 3
What do mathematics teachers perceive to be the characteristics of assessment 

methods that enable and encourage the use of mobile technologies?
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It’s lower level [M1] you’ll be working with definitions, higher level you’ll be 

putting those definitions into context, and using them on things without too much 
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The task difficulties were also calibrated so that the distinction would be in aptitude rather 

��������������

��������������������������������������������������������������������������������

����������������������������������������������������������������������������������

�����������������������������������������������������������������������������������

level you’re going to have to do fifteen questions. (Malcolm, MSC3 0:11:15)
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out of laziness. And want to just kind of get it done. Like, you just reinforce that 
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uniquely insightful assessment that reflected the student’s own sense of self-improvement. 
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Definitely we don’t want to say, you’re M2 … we keep a record of what they’ve 
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great, M2 last term, try an M3. You could just see them kind of build. Because 
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were flexible, as long as their submission demonstrated their development of understanding 
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related to the overall topic. Can be flexible, yep. Yeah so long as they still tick off 
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4.7.4. Demonstration of Learning
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with all of the infrastructure in place for flipped learning, “as a school, the homework 
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Even when they’ve put their final work on to Study Turf, that’s again we encourage 
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But also if it’s an assessable item, it’s that Stage 2, the assessment would go up 
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some of those up on to our Weebly … And so I say, “OK the best ones are going 

to go up.” And then they’re crazy for which ones are going to go up … They love 

�������������������������������������������������������������������������������������

������������������������������

�����������������������������������������������������������������������������������������

����� ��������� ������� ��� ������ ����� ������ ���� ��� ������ ���������� ���������� �����������

����� ���������� �������� ��� ���� ����� ��� ���� ����������� ������ ���� ������ ������ ���

�������������������������������������������������������������������������������������

�����

��������� ���� ������ ����� ����� ��� ������ ��� �� ������� ���� ����� ��� ���� ������� ��� ����

�����������������������������������������������������������������������������������

������������������������������������������������������������������������������������



�����������������������������������������������������������������������������������������������������������

�������� ���

�������������������������������������������������������������������������������������

������������������������������������������������������������������������

4.7.5. Effects of External Assessment
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progress, to confirm that each student had actually learned something over the course of a 
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as well, has been difficult. So when I first arrived here, I had Year 9 a couple 
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�Ø Research Question 2
How do traditional mathematics assessments influence teacher perceptions of 

the effectiveness of teaching with student-centred mobile technologies?
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know an organism or what it was doing, I would have to go to scientific papers, do 

the research, figure it out, and then put it into context. That’s the powerful thing 
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and give justification in their own words, is I think the depth of understanding. 
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when it comes to an exam that’s external, that’s where they hit difficulties. 
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the Victorian Certificate of Education [VCE] (VCAA, 2018), was to promote engagement 
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well in external exams has been justified by its VCE results, which “last year [2015] 
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curriculum we have documented is great … But then all they talk about to us was, 
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defined in the Australian Curriculum to include such skills as “personal and social 
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in Year 9, I say, “I don’t want to do that. We can. But I’d much prefer you to have 

�����������������������������������������������������������������������������������

����������������������������������������������������������������������������������

�����������������������������������������������������������������������������������

�����������������������������������������������������

��������������������������������������������������������������������������������������������

was flexible, with an appreciation that students may need more help to learn to govern 
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Certain kids find it really difficult to work with that sort of technology … In the 

independent learning time, we’ve got some kids that have got those iBooks that 
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them today.” Because they are students, and they do need that scaffold. But then 
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“Discuss”, what does that mean? What’s it asking you? Because if you identify 
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a well-being response more than anything else, too. Because kids get so stressed. 
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4.7.6. Implications of Philosophical Differences
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conflict with an education system that stipulated developmental milestones for students 
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to demonstrate competence through the narrow confines of a traditional examination was 
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learning experience that did not prejudge student ability. Indeed, it is difficult to imagine 
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4.8. Comparisons Between Case Studies

The preceding accounts of seven different schools demonstrate that, despite significant 
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It can be seen that the relationship between pedagogy and assessment figured in all of 
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4.8.1. Characteristics of Assessment Tasks
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could be expected to share, and significant potential for grey areas that may not be easily 

classified. Thus, the procedure for categorising the assessment documents was somewhat 

fluid. It began with loose classification of the assessment tasks collected from all of the 
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task characteristics. From there, categories were continually refined until different 
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4.8.1.1. Summative or Formative
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under which an activity might be classified as both. For example, Elizabeth at Osterley 
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Daniel would run debriefing sessions for the entire cohort to ensure that students would 
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teacher noted that this sometimes happened if a student’s performance in the final exam 
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their view that the student’s examination result was not reflective of their achievements.
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4.8.1.2. Grading Characteristics and Granularity
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it was possible for the feedback to the student to assume many forms. The classification 
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awarded through a rubric. Indeed, it was seen that online quizzes such as Kahoot! could 

exhibit even more fine-grained marking than many examinations, since the online tool 
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reflected their own sense of achievement relative to other students in the grade. In both 

cases, students appeared to benefit from grading well relative to their peers, rather than 
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4.8.1.3. Fairness, and Considerations of Cheating
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was particularly noted by Philip at Bermondsey College, where projects were removed 
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work did not appear to reflect the students’ achievement levels. For the IB Mathematics 
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case study schools. It appeared that the culture of the school played a significant role in 
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4.8.1.4. Adherence to Class Content
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another instance where it was beneficial to have studied beyond the standard coursework, 

the International Baccalaureate Organisation [IBO] offered a work sample which was 
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������ ����� Sample IB Maths Exploration using content beyond syllabus requirements.
(IBO, n.d.a)
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single coin” (Harvey & Bright, 1991). Thus, when such assessments occurred, questions 
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4.8.1.5. Entry and Exit Points

It was evident that most assessment tasks exhibited considerable flexibility with respect 
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confidence in their own ability. It was also interesting that the task cards, while offering 
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While the specification of the task card assignment did raise questions regarding how it 

would be marked - that is, whether the flexibility of the assignment needed to be taken 
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4.8.2. Categories of Pedagogy and Assessment
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assessment. For the purposes of this discussion, we shall here define “teacher-centric” 
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that do not exclusively involve work that is silent, solitary, timed, and identically specified 
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4.8.2.1. Teacher-Centric Pedagogies, Traditional Assessment
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As a finding that should do little to challenge the status quo regarding what is valued in 

��������������������������������������������������������������������������������������������

����� ���������������� ������� ����������� ������ ��� ����� ��� �� ���� ����� ������ ��������

������������ �������� ��������� ��������� ������������� ��� �������������� ������� ���������

�������� ����� ����������� ��� ������������� ���������� ����� ������� ����������� ������

���������� ������ ��� �� �������� ���� ������������� ���� ��������� ���������� ���� ���������� ���

����������������������������������������������������������������������������

4.8.2.2. Teacher-Centric Pedagogies, Innovative Assessment
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was the “Tutorial Blitz” method at Moorgate Secondary College, which saw students 
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approach the assessment task. Such a finding was particularly telling because it implied 
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4.8.2.3. Student-Led Pedagogies, Traditional Assessment
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had some confidence that their student-
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4.8.2.4. Student-Led Pedagogies, Innovative Assessment
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ways. Such a combination was evident in the IB Mathematics Exploration task, which 

Philip at Bermondsey College considered to be a learning opportunity that would help to 
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particularly specified for engagement 
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4.8.3. Streaming Practices

The relationship between pedagogy and assessment also manifested in the influence 
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4.8.4. The Importance of Work Ethic
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for performance in an examination. Likewise, knowing how to seek clarification and 
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importance for mathematics examinations. The fourth response, from Elizabeth at 
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surprising answer was qualified with her perspective that students could choose not to 
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stupid at maths. They can’t do it. OK. So then they come in to a test, and they’re 
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(Elizabeth, OHS1 0:48:37)

Elizabeth’s views regarding examinations contrasted with her view that work ethic 
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situations. While the sample size is so small as to render such an observation statistically 
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one possible interpretation of the research findings. Valsiner’s Zone Theory will be used 

to structure the interpretation, and it will be seen that Zone Theory is flexible enough to 

accommodate modifications that allow for a more elegant interpretation of the phenomenon 

being observed, and indeed support a more precise redefinition of the research questions. 

The chapter will then be conceived in two sections, in the first of which I propose a 

response to the first two research questions:

1. What do secondary mathematics teachers value in student learning with mobile 

�������������

2. How do traditional mathematics assessments influence teacher perceptions of the 

�������������������������������������������������������������������

In the second section I will propose a response to the third research question:

3. ��������������������������������������������������������������������������������������
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5.1. �������������������������������������������

������

As discussed in "2.4. A Theoretical Framework", I propose that Valsiner's Zone Theory 

would offer an elegant means of conceptualising the results from this study. In particular, 

zone theory's ability to describe a teaching and learning situation in terms of what is 

permitted, and what is promoted, offers considerable flexibility for presenting the 

��������������������������������������������������������������������������������������
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pedagogies and innovative assessment methods).

Valsiner's Zone Theory proposes the existence of three zones, one of which is the 

Vygotskyan Zone of Proximal Development - the set of actions that would be appropriate 

for extending the individual’s personal capabilities. The Zone of Free Movement (ZFM) 

is then defined as the set of actions that are permitted in a certain situation; and finally the 

Zone of Promoted Action (ZPA) defines the set of actions that are promoted in a particular 

situation. Other sub-zones can then be described; for example, in discussing actions that 

were apparently classifiable as being promoted but not permitted, Blanton et al. (2005) 

proposed the existence of an ‘illusionary’ zone of promoted action (IZ), defined as "a zone 

of permissibility that the teacher appears to establish through behaviors and routines used 

in instruction, but in actuality, does not allow."

5.1.1. Applications of Valsiner’s Zone Theory

With a framework that facilitates the discussion of influences upon mathematics teaching 

and learning, it becomes possible to categorise teachers’ practice according to their actions, 

and the relative positions of these actions within the three zones. It must here be noted 
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that there will be, at minimum, two zone representations associated with each teacher. 
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the class which exhibits some combination of ZFM/ZPA. This environment may or may 

not vary, depending on the students or the nature of the content being taught; but for each 

teacher, there must be at least one instance of this ZFM/ZPA complex. Its purpose would 

be to define student actions that the teacher permits and/or promotes.

The second zone representation would describe the teacher’s own actions. That is, the 

�������������������������������������������������������������������������������������������

teaching; this representation is a characterisation of the influences upon the teacher’s 

pedagogical choices. For the purposes of discussing teachers’ developing proficiency with 

mobile pedagogies, this model will serve to define the context for the Teacher-as-Learner.

�������������������������������������������������������������������������������������������

would default to the configurations shown in Figure 5.1 and Figure 5.2. The “fuzzy 

or indeterminate nature of the phenomena” is here expressed by augmenting the more 

conventional Venn diagram format with dashed outlines and gradient fills.

Figure 5.1. Default zone diagram 
for Teacher-as-Teacher: 
influences upon a student’s 
actions.

Figure 5.2. Default zone diagram 
for Teacher-as-Learner: 
influences upon teacher actions.
(Adapted from Goos, 2008)

ZFM
����������������
�������������

�����

ZPA
����������������

promoted by teacher

ZPD
ZPD for a 
�����������
�������

ZFM
Professional 

context

ZPA
�����������
����������

ZPD
������������

�������



�����������������������������������������������������������������������������������������������������������

���������� ���

However, with reference to the zones created by the Teacher-as-Teacher, it is evident that 

the introduction of mobile technology into an educational setting introduces the idea of a 

Zone of Free Movement that is enabled by the technology, and which we will henceforth 

refer to as the M-ZFM. As observed in the case study schools, the students’ mobile 

devices each offer a means of accessing virtual environments that transcend the physical 

limitations of the classroom, thus effectively expanding each student’s total Zone of Free 

Movement (Figure 5.3).

Figure 5.3. ��

������������������

���������������������

�������������������

learning is introduced.

ZFM M-ZFM

With an area of overlap representing classroom-based mobile pedagogies, the Zone 

of Promoted Action for the Teacher-as-Teacher would then straddle all three areas 

(Figure 5.4).

Figure 5.4. ����������

ZFM, M-ZFM and 
ZPA configuration 
�������������������

Teacher.

ZFM M-ZFM

ZPA
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Figure 5.5. ����������

ZFM, M-ZFM, ZPA 
and ZPD configuration 
created by the 
Teacher-as-Teacher.

ZFM M-ZFM

ZPA ZPD

We have arranged the zone configuration so that it is possible for an Illusionary Zone of 

Promoted Action (IZ) to exist - since, as argued by Goos (2008), the implementation of 

innovative pedagogies sees teachers in a Teacher-as-Learner situation:

while the ZFM suggests which teaching actions are �������, the ZPA represents �������, the ZPA represents �������

teaching approaches that might be specifically �������� by pre-service teacher �������� by pre-service teacher ��������

����������� ������� ������������� ������������ ������������ ��� ��������� ������������

with colleagues in the school setting (p. 237, emphasis in original)

and so, in trialling innovative pedagogies, there may be inconsistencies between what the 

activity promotes, and the teacher’s own ideas for how the content should be taught. 

Finally, there may be components of each student’s Zone of Proximal Development which 

would exist in each of the identified areas (Figure 5.5).

This augmented diagram of the zones of influence acting upon an individual will serve 
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teacher creates in the classroom. It is notable that, while the IZ itself is not excluded, 

the diagram does not define whether a factor in the IZ would only exist following the 

advent of the M-ZFM. This limitation could have been addressed by redefining the ZPA 

as a ZPA/M-ZPA combination, which would be roughly analogous to the ZFM/M-ZFM. 

However, this omission is not currently significant for the purposes of describing the 

environment created by the Teacher-as-Teacher.

5.1.2. Defining the Research Question in terms of the 

�����

Since the present study seeks to describe the implications of mobile learning for secondary 

school mathematics assessment, and vice versa, we shall now more precisely define the 

nature of the problem as being related to the introduction of the M-ZFM. Accordingly, we 

can now represent the research questions as follows:

1. What do secondary mathematics teachers value in student learning that is enabled by 

the presence of the M-ZFM;

2. How do traditional mathematics assessments influence teacher perceptions of the 

effectiveness of teaching with the M-ZFM; and

3. ����� ��� ������������ ��������� ��������� ��� ��� ���� ���������������� ��� �����������

methods that permit and encourage the presence of the M-ZFM?

In considering the first two questions, we shall examine the factors that are involved in 

the decision to promote or withhold student-centred mobile technology use in class. We 

shall evaluate the circumstances under which the M-ZFM is introduced, and the role that 

is played by mathematics assessment in making these decisions.
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The last question requires reflection regarding the value of mobile learning for the 

teaching and learning of mathematical skills. In particular, we shall consider how we 

might appraise mathematical skills that are supported by the use of mobile technology, 

and the implications of having the M-ZFM present while a mathematics assessment is 

being conducted.

5.1.3. Considerations of Formative Assessment

The practice of using mobile technology to gather diagnostic information, and thus 

support formative assessment, was noted in a number of the case study schools. However, 

in attempting to apply the present theoretical structure to the analysis of this practice, it 

became evident that the fit would be poor. That is, in considering influences of mobile 

technology upon formative assessment practices, the use of the proposed framework does 

not present any new perspectives, or illuminate any unresolved issues.

The question of whether the present study should be concerned with formative assessment 

may be answered by considering practices that were employed at the case study schools. 

Mobile technology did, indeed, support formative assessment in a number of situations. 

Quiz applications such as Kahoot!, and applications such as Desmos and PearDeck for 

collating student work, were used in many schools to give the teachers indications of 

topics that needed to be re-taught.

However, it was also evident that this kind of formative assessment could also be carried 

out without the mobile technology. To circumvent the shortcomings of the wireless 

network infrastructure at Osterley High School, Elizabeth introduced “Plickers” - an 

application that offered functionality that was identical to an online quiz, but which 

only required teacher-centric technology. Philip, at Bermondsey College, conducted his 
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formative assessments with much older technology, preferring to have his students show 

their responses on small individual whiteboards.

The potential for the technology to support formative assessment can be a compelling 

reason for introducing mobile technology into the classroom. However, as demonstrated 

by Elizabeth and Philip, the capabilities that mobile technologies support are neither 

novel nor irreplaceable. Like electronic textbooks, the use of technology to gather student 

responses may be convenient - but it does not meaningfully affect the way that teachers 

teach, or the way that students learn.

In terms of the theoretical framework, actions that collect formative assessment data 

are Promoted Actions that exist in both the ZFM and the M-ZFM. It may therefore be 

���������������������������������������������������������������������������������������

or without the M-ZFM, the introduction of the M-ZFM has little effect upon the action 

of formatively diagnosing student difficulties. We shall therefore abandon this line of 

enquiry in favour of relationships that demonstrate stronger links.
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5.2. The Influence of Mathematics Assessment 

upon the M-ZFM: Streaming

In the case study schools, it was found that classes were, more often than not, streamed 

to some degree; and the objectivity of the exercise was maintained through reference to 

the results of summative assessments such as examinations. Since ability grouping gives 

greater opportunities for catering to each student's unique Zone of Proximal Development, 

Vygotskyan theories of student development present a compelling argument in favour of 

this particular pedagogical strategy.

5.2.1. Streaming Practices in the Case Study Schools

In the case study schools, the existence of streaming allowed the teachers to conceptualise 

their expectations for the class in a more general fashion. It tended to change their 

description of a teaching situation in such a way that they would discuss the class as 

a whole, rather than describing individual students. In particular, the case of Chesham 

House was striking for Patrick’s experiences of teaching both streamed and unstreamed 

classes, and it clearly demonstrated that teaching an unstreamed class was a far more 

complex endeavour:

Streaming, definitely, I think has a big impact on how you do things. I’m teaching 

once a fortnight, a Year 8 STEM class. I’ve got students in there who are in the 

weakest mathematics group with very significant behavioural issues, and I’ve got 

students who are at the very top of the mathematics group as well. And trying to 

pitch a lesson at them, is extremely difficult. (CH1 0:26:46)
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While all of the case study schools engaged in streaming for mathematics classes, there 

����� ����������� ��� ��������������������� ����� �������� ��������� ��� ������� ���� ���������

and other schools preferring to minimise the number of students who were deliberately 

selected for inclusion in a particular class. Indeed, for schools such as Moorgate Secondary 

College, it is notable that teachers chose to stream at all. With pedagogy designed around 

a differentiated assessment structure, Moorgate demonstrated a considered philosophical 

stance regarding student achievement, whereby teachers would design curriculum that 

allowed students to choose the level at which they felt they should be working, and 

students would be supported irrespective of their choice. The fact that Moorgate ended up 

creating a top class for Year 9 Mathematics tends to suggest that ability grouping can be 

seen to be necessary, even when the school has gone to great lengths to provide a unified 

learning experience that aims to cater for all.

Another notable streaming implementation was observed at Elm Park High School, 

which changed its streaming practices from a fully meritocratic ranking scheme to ability 

grouping for assessed mathematical weaknesses. Students who performed poorly in 

algebra would be assigned to one class, and students who performed poorly in geometry 

would be assigned to another. The purpose, in this case, was to recognise that algebra and 

geometry were both fundamentally important for mathematical understanding, and that 

students would benefit from intensive remediation of the facet of mathematics that they 

found challenging.

5.2.2. Streaming and Mobile Technology Use

In considering the influence of assessment on pedagogy, the existence of streaming 

necessarily indicates that assessment has occurred, and that the results of the assessment 

are being used to place students in particular streamed classes. The implication is that the 
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teacher would then be better able to take the students’ ability levels into consideration 

when planning lessons.

Therefore, with the link between assessment and streaming being not merely correlative 

but in fact directly causal, it is significant that, in the case study schools, all of the 

interviewed teachers tended to promote the use of student-centred mobile technology 

with higher-ability classes - that is, the higher-ability classes’ use of mobile technology 

universally matched or exceeded its use in lower-achieving classes (Figure 5.6).

Class Ability Level
��� ����

Mobile Technology Use
���� More

��������������������

Figure 5.6. Relationship between Class Ability Level and Mobile Technology Use.

This relationship is particularly noteworthy when we consider that the technology usage 

patterns were similarly affected irrespective of the students’ “absolute” achievement. 

While the comparison, for the purposes of streaming, necessarily occurs within a single 

school, it is perhaps less obvious that the teachers appear to perceive student ability 

levels as a function of whatever the norm is, in their school. Thus we have a somewhat 

surprising situation where students who were selected for their academic ability - 

including high performance in primary school mathematics and achievement in a separate 

state-run mathematics examination - are nevertheless considered to be underperforming 

in mathematics, and less suited to engaging with mobile learning (Daniel, EPHS 0:12:23; 

see Sections 4.6.3 and 4.6.12).



�����������������������������������������������������������������������������������������������������������

���������� ���

5.2.3. Theoretical Implications of Streaming

With reference to the zone representation, streaming makes some attempt to categorise 

students according to their demonstrated ZPD.

Figure 5.7 offers a simplistic view in an attempt to illustrate what this might mean for two 

different students.

Figure 5.7. Simplified 
��������������������

with ZPDs for two 
different students.

ZFM M-ZFM

ZPA
ZPD
���

ZPD
���������

In such a diagram, the area of overlap between the two students’ Zones of Proximal 

Development would indicate the teaching and learning that would be effective for both 

- although clearly the representation is oversimplified in this case, as it does not offer 

regions to represent all possible scenarios. The aim of streaming would be to maximise the 

area of overlap so that, even with a class of thirty students, each student would hopefully 

be receiving some instruction that is suitable for their current development.
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In the case study schools, the streaming of students appeared to assist teachers with 

conceptualising learning activities that were appropriate to the class. This did not mean, 

however, that teachers used it to justify a lack of personalised attention to individual 

students. Concerns such as those raised by Boaler et al. (1998), who suggest that

setted [i.e. streamed] lessons are often conducted as though students are not only 

��������� ���� ��������� - in terms of ability, preferred learning style and pace of ��������� - in terms of ability, preferred learning style and pace of ���������

working (emphasis in original)

were not observed to the degree that this would imply; and indeed all of the case study 

teachers went to significant lengths to run lessons that were inclusive of, and accessible 

to, all students in their classes.

Figure 5.8. Simplified 
��������������������

with ZPDs for two 
students exhibiting 
widely different levels 
����������������

development.

ZFM M-ZFM

ZPA
ZPD
���������������������������������������������

ZPDZPDZPD
���

A similar representation may then amply demonstrate the potential for instruction to be 

ineffective for some students, particularly when the students are at widely differing stages 

in their mathematical development (Figure 5.8).
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The employment of mobile pedagogies was, however, observed to vary as a general 

function of the streaming. Teachers tended to eschew or discourage the use of mobile 

technology in class when the class was considered to be of lower ability. This correlation 

was unambiguous; in all of the case studies, it was never the case that a lower-ability 

class would be encouraged to use mobile technology in a situation where its higher-ability 

counterpart would not. However, it would be misleading to imply that this correlation 

applied across school years; and indeed there actually appeared to be two separate sub-

relationships, which give rise to separate considerations.

5.2.4. Considerations of Relative Mathematical 

Achievement

����� �� ������� ������������� �������� ����������� �������� ���� ������� ������������ ���� ��

significant correlation between stream allocation and mobile pedagogical adoption, the 

first sub-relationship may be summarised as shown in Figure 5.9.

Mathematical Achievement Relative to School Norms
��� ����

Mobile Technology Use
���� More

��������������������

Figure 5.9. Relationship between Mathematical Achievement and Mobile Technology Use.

In some such cases, mobile device usage was deliberately restricted because the technology 

use changed the nature of the learning activity. For example, it was noted that flat-screen 
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class at Bermondsey College:

It depends on which level of class you’re teaching. That [ Geogebra use as a proxy 

for concrete materials ] was with a higher level ability class. I wouldn’t do the 

same with a lower ability class, because using lots of tech with low ability students 

isn’t really great. It’s better to actually have concrete devices. Like, literally giving 

them shapes, and make them cut out nets. (Philip, BC1 0:07:52)

Under these circumstances, the teacher chose to restrict mobile device usage because 

the technology did not improve access to the sought-after mathematical understandings 

(Figure 5.10). In some situations, mobile learning presented as being inferior to other 

available pedagogies; in others, it increased the Zone of Free Movement without offering 

commensurate benefits over older mechanisms - such as, for access to drill and practice.

ZFM M-ZFM

ZPA

ZPD

Figure 5.10. Simplified 
��������������������

��������������������

������������������

���������������������

Bermondsey College, 
with ZPD for a lower-
achieving student.
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Despite any contention regarding its pedagogical merits, drill and practice was a strategy 

that was employed with varying degrees of intensity at all of the case study schools. In 

������� ������������� ����������������������������� ��������������� �����������������������

�����������������������������������������������������������������������������������������

teacher’s example. With an apparent near-universal acceptance of this teaching method, 

it is interesting to consider the belief expressed by Daniel at Elm Park that students were 

more likely to complete practice exercises if they were provided in printed form - a view 

that was informed by prior experience at a boys’ school:

One of the staff members there, who knows - who’s now since retired for a couple 

of years, is never just go online. That particular staff member saw the good things 

that could be happening online, but he said, “With boys, don’t just go online. 

They’re not going to download it themselves.” … If you just chuck it online, boys 

do not go and look at it, unless they’re the really toppish lot. Really self-motivated. 

(EPHS 0:24:15)

While the present exploration of mobile learning does not seek to particularly focus on the 

use of the technology for the provision of drill and practice opportunities, it is nonetheless 

significant that Daniel maintains this perspective regarding barriers to using the devices 

in this way. In his discussion of the relative merits of online content delivery, Daniel 

deliberately qualified his view regarding the suitability of this delivery mechanism with 

a categorisation of the students for whom he felt it was more or less likely to work. It is 

clear that, with a viewpoint borne of experience and corroborated by a colleague, Daniel 

saw the use of technology for the provision of drill and practice as being less effective for 

students who are not as motivated to achieve.
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With different teachers offering considered judgements that mobile learning was less 

beneficial for lower-achieving students, an extreme zone configuration for lower-

achieving classes would then tend towards the configuration shown in Figure 5.11.

Figure 5.11. A ZFM, 
M-ZFM, ZPA and 
ZPD configuration 
������������

�����������������

���������������������

classroom.

ZFM M-ZFM

ZPA ZPD

While it is possible for such a configuration to occur, due to the nature of the observation 

request, none of the observed classes exhibited this arrangement. Since observations 

���������������������������������������������������������������������������������������

conducted in classes where mobile device use was proscribed.

It is therefore interesting to note that lower-ability classes did, nevertheless, figure in the 

observation schedule. Of these, perhaps the most extraordinary was the Year 9 special 

needs class at St John’s Wood Catholic College. Students in this class engaged with a 

modified curriculum, and lessons were conducted in a manner that was clear, direct, 

and prescriptive. Despite the teacher’s evident experience with both the class and the 

use of mobile technology, delivery of the lesson content through the mobile device was 

complicated by the difficulties that students experienced when trying to log in to the 
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learning management system. Indeed, in a subsequent interview, the teacher described 

the practical issues that arose from the extra layer of complexity that mobile device usage 

inevitably introduced (Figure 5.12):

We have the assignment for them to complete. And it was uploaded on Moodle 

and [the students] were asked to complete it and hand it in by a certain date, 

and I struggled actually to collect most of it by the end. So, and the second time 

around I decided just print it and they can complete on paper … and that’s when I 

actually had everyone’s. The first time around, when I actually had [it] on Moodle, 

I struggled. (Martha, SJW3 0:04:10)

This was then contrasted against the affordances of technology for students in that class:

I can pretty much use visuals, for those students that are unable to read … it 

reads for them. I actually have one student in my Year 9 class that’s like that. 

He’s unable to write and read properly. So most of the time he watches videos. Or 

gets the iPad to read to him … To complete an assessment, [when] he reaches a 

question, I’m not giving him the answers. I’m showing him a video, he will watch 

Figure 5.12. Positioning 
an assignment activity 
������������������

Moodle, for a special 
needs class.

ZFM M-ZFM

ZPA ZPD

Activity lies 
��������������

������
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it, explain what he understood from it, after which he’s actually given a mark. 

(Martha, SJW3 0:20:10)

From the teacher’s comments, it may be inferred that the Moodle activity saw a 

misalignment between the ZPA and the students’ ZPD, while the assignment for the 

student who was unable to read offered an example of a learning/assessment activity 

that the mobile device makes possible (Figure 5.13). There is, therefore, some indication 

����������������������������������������������������������������������������������������������

activity. That is, the M-ZFM makes aspects of the student’s ZPD accessible, but the ZPD 

must be considered if the mobile pedagogies are to have a positive effect.must be considered if the mobile pedagogies are to have a positive effect.must be considered if the mobile pedagogies are to have a positive ef

Figure 5.13. Positioning 
an iPad-enabled 
assessment task for a 
����������������������

read or write.

ZFM M-ZFM

ZPA ZPD

In considering the issue of streaming for mathematical ability, it is apparent that the teacher’s 

capacity to make generalisations about the ability level of the class is highly relevant to 

the way in which the mobile technology is used. There are evidently circumstances under 

which mobile learning may be considered to be particularly beneficial or, alternatively, 

inappropriate. Indeed, any mobile learning activity may be conceptualised as being within 

Task lies 
��������������

������



�����������������������������������������������������������������������������������������������������������

���������� 304

the ZPD for one student, but unsuitable as a learning activity for another (Figure 5.14). 

The employment of streaming strategies is just one heuristic mechanism that aims to give 

all students access to learning that is, for them, developmentally appropriate.

5.2.5. Considerations of Behavioural Maturity

At the case study schools, the choice to discourage or limit mobile device usage was, in 

many instances, attributed to students’ lack of social maturity. In discussions of this issue, 

it was notable that the device was rarely presented as a cause of misbehaviour. Rather, 

the perspective offered by the teachers was that students needed a scaffold through which 

they might learn device-use etiquette and self-restraint (Figure 5.15).

Social Maturity Relative to School Norms
��� ����

Mobile Technology Use
���� More

��������������������

Figure 5.15. Relationship between Social Maturity and Mobile Technology Use.

Figure 5.14. Positioning 
������������������

activity that is 
developmentally 
�����������������������

not for S1.

ZFM M-ZFM

ZPA
ZPD
���

ZPD
���������

Activity lies 
��������������

������



�����������������������������������������������������������������������������������������������������������

���������� 305

In situations where devices were present but judged to be inappropriate, schools and 

����������� ��������� ���������� ���������� ����������� ��������� �������� ������� ������� ����

each teacher handled classroom management concerns in a slightly different manner. 

The challenge inherent in managing students so that they would work productively with 

mobile devices was particularly explicated by the teachers at Moorgate High School, 

which runs a program whereby all students would be expected to have an iPad for school 

use:

Certain kids find it really difficult to work with that sort of technology … In the 

independent learning time, we’ve got some kids that have got those iBooks that 

we were talking about, printed out. So they’ve got it hard copy. They’re the kids 

that, if their iPad is in front of them, they can’t just sit. … Some classes, you know, 

“iPad, on a pile. We’re all working pens and paper, we’re not even going to touch 

them today.” Because they are students, and they do need that scaffold. But then 

obviously our goal is that they can be productive while [distracting technologies 

are present]. (Scott, MSC4 0:14:38)

What was particularly significant, however, was that there appeared to be an accepted 

correlation between demonstrated mathematical achievement, and the ability to access 

mobile learning with discretion and self-restraint. That is, in circumstances where device 

���������������������������������������������������������������������������������������

the perception was that the immature behaviour was exhibited by students in lower-ability 

classes: 

With the top classes, it wasn’t really much of an issue, but the bottom class, 

they started putting stupid names into their aliases. So, it’s behavioural. 

(Daniel, EPHS 0:14:28)
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With the mixed ability, for some of them anyway, some of them have short attention 

spans. They’ll lose it as soon as they’re not able to do something. Pretty soon 

they’ll start chatting … they’ll start fidgeting around and just not doing the right 

[thing], you know, obviously I have to constantly remind them. But with my top 

class, even if I turn around they’ll still be doing the right thing. And if they finish, 

they’ll tell me - “Done”. (Martha, SJW3 0:18:19)

Indeed, in an instance of “the exception that proves the rule”, Patrick at Chesham House 

demonstrated insights into how mobile learning can actually assist with behaviour 

management:

Behaviour management was an issue with them, and I’m not having to manage 

their behaviour. Because I can stand at the back of the room and say, “You’ve 

got two options. You’re watching, or you have your textbook open.” … And that 

meant that the students who were a little bit slower, and maybe who didn’t have 

���� ������ ��������������� ���� ���������� ���� �������������������� ��� ��� ���� ������

thing, as much. (CH1 0:13:07)

Patrick’s thoughts regarding mobile technology in class were particularly revealing 

for their insights into the unequal nature of mobile learning for students who exhibited 

different levels of regard towards their education. It appeared that, in his experience, 

mobile learning was of more benefit for students who had “the right attitude”:

There were three or four students in there who really didn’t want to be on task 

at times. So for them, much of a muchness, perhaps. But, for the students who 

wanted to be on task - I think they had a much greater opportunity to be on task. 

(CH1 0:14:09)
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While the reasoning behind this heuristic classification of students’ social readiness for 

mobile learning was evidently based on classroom experience, there is some suggestion that 

there does exist a measurable correlation between social maturity and academic success. 

This is particularly apparent when we consider Greenberger and Sørensen’s formulation 

of a framework to specifically measure and value social maturity (Greenberger & 

Sørensen, 1974). While the framework deliberately distanced psychosocial development 

from academic achievement, it is notable that Greenberger’s subsequent work describes 

how “psychosocial maturity is itself significantly related to school success” (Steinberg et 

al., 1989).

Although there is no suggestion that such a relationship between social maturity and 

mathematical achievement invariably holds true for an individual, it would be reasonable 

to assume that the existence of a correlation, however slight, can change the classroom 

dynamic. In particular, it can be seen that the social nature of classroom interactions 

restricts the teacher’s ability to enforce different ZFMs and ZPAs for different students. 

With two hypothetical classes, the class with comparatively high numbers of behaviourally 

immature students would generally require firmer management than the one for which 

such students were few; and the chosen management style would be applied for each class 

as a whole, even if an individual student did not fit the mould.

As a pedagogical approach, mobile learning is notable for its ability to widen the student’s 

ZFM to include all of the virtual environments that the device renders accessible. The 

implications of this ZFM expansion must therefore include considerations of what 

���������������������������������������������������������������������������������������

particularly with regard to the students’ behaviour. Thus there are indications that the 

theoretical implications of endorsing mobile pedagogies are consistent with teachers’ 

actions in a practical context: that is, more care and stricter disciplinary management 

would need to be exercised for groups of students whose conduct is expected to be more 
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juvenile, and the consequences of an arbitrary increase of the ZFM would need to be 

considered as a confounding factor for classroom management.

����� ������� ������������ ��� ����� ������ ����������� ���� ����� ��������� ����������� ����������

where teachers had formulated partial solutions to this issue. We shall here consider 

different practices and mechanisms that were employed to manage the ZFM expansion, 

and the effect each one had on the teaching and learning environment.

5.2.5.1. Temporal Restrictions

In all of the case study schools, the management of device usage incorporated elements 

of traditional classroom management strategies. The restriction was analogous to “Pens 

down”, although sometimes the injunction was not specifically phrased to focus on device 

usage, but simply to direct student attention towards the board.

The employment of this strategy sees the Zone of Free Movement cease to include the use 

of the mobile device at particular times, as designated by the teacher (Figure 5.16). With 

this method of management, the zone configuration fluctuates according to the presence 

and the absence of the M-ZFM.

Figure 5.16. Zone fluctuations for temporal restrictions.

ZFM M-ZFM

ZPA ZPD

ZFM M-ZFM

ZPA ZPD
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Temporal restrictions offered a lightweight method that was easily understood by both 

students and teachers. Indeed, at St John’s Wood Catholic College, a recognition that such 

����������������������������������������������������� ���� �����������������������������

initiative that is now employed by all teachers:

That whole thing, though, has got all of them doing “Flip the Lid” - flip the cover. 

So they know - it’s just a little system that they’ve all been told - I need your eyes 

up here, or whatever - Just flip the lid. (Matthew, SJW1 0:23:38)

It was found, however, that this method was insufficient for maintaining control, and 

teachers needed a consistent and unified response for situations where “Flip the Lid” did 

not receive an appropriate response.

We had to think of, oh, they’re on there playing games or they’re doing this or 

they’re doing that, and I’d take their device off them. You’ve no longer got a device. 

And next minute we’d go, if the student’s drawing in the back of the [exercise] 

book … do you take their exercise book from them? It’s the same thing - you’re 

taking their book, you’re taking their learning from them ... the staff were coming 

to us, going, “Well, they’re not doing the right thing. They’re not flipping their lid. 

What are you going to do about it?” (Matthew, SJW1 0:23:38)

Thus, with an appreciation that device misuse does occur, the leadership team at St John’s 

������������������������������������������������������������������������������������������

transgression:

And so [there are] a series of steps teachers would take … kid caught doing the 

wrong thing on their device, first level might be, like a detention ... Continue, 

that’s when co-ordinators get involved, parents get involved. The only time that a 

device is confiscated straight away, if it’s something that’s a child protection issue, 
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or anything is slightly inappropriate, or if there’s any suspicion of child protection 

issues. And then it’s straight to [the principal]. (Mark, SJW1 0:23:38)

Staff at St John’s Wood held the philosophical position that students needed the devices for 

������������������������������������������������������������������������������������������

and the effective running of the school. It was therefore incumbent upon the leadership 

team to integrate device-specific behaviour management protocols with procedures that 

were consistent with disciplinary measures that would have applied to transgressions 

in a pre-mobile-learning era. The procedures that resulted from consultation with their 

pastoral care team and subject co-ordinators were considered to be compatible with both 

teachers’ and students’ existing conceptions of behavioural norms; and so, being well 

within the Teacher-as-Learner ZPDs, temporal restrictions became both socially accepted 

and well understood by all parties (Figure 5.17).

Figure 5.17. Positioning 
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Learner.
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5.2.5.2. Device Locking

A more circumspect and permanent solution for narrowing the M-ZFM is made possible 

through device administrator privileges. Following experience with device usage issues 

for younger students, Moorgate Secondary College instituted a management system 

whereby the teachers would maintain full control over the iPads owned by every student 

in Year 7:

The way we set this year up, we had control of their iPads for the first term, 

and they didn’t have access to the App Store … Just being a bit more proactive. 

We didn’t want them to have a free run on their iPad. We wanted to actually let 

them know that it was a learning tool. So they only had, sort of, educational apps 

on there. We push the apps out to them. So they could only use what we said. 

(Margaret, MSC2 0:02:48)

This narrowing of the device’s ZFM changed the characteristics of the teaching and 

learning dynamic, so that the M-ZFM became roughly aligned with the ZPA (Figure 5.18).

Figure 5.18. Zone 
configuration when 
���������������������

under teacher control.
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While the restriction is necessarily imperfect - as an example, a student might access their 

English homework during Maths class - the control this method offered was considered 

by both teachers and parents to be an advantage.

An interesting side-effect of this method was that the M-ZFM would be maintained 

irrespective of whether the student was in class or not. This differed from Bring-Your-

Own-Device arrangements for which the mobile technology would only need to conform 

to a much looser specification. Moorgate’s choice to require all students to purchase 

identical devices allowed the school to manage all of the devices in an efficient and 

scalable manner; if the devices were of different makes and models, then it would not 

have been practical for the school to maintain this level of control. Indeed, with access 

restrictions becoming increasingly unenforceable due to consumers having access to 

personal mobile data (Deloitte Touche Tohmatsu, 2016), it is unlikely that schools will 

be able to continue to police whatever it is that students actually do, on devices that the 

students themselves own and administer. Thus, while schools will need to maintain proxy 

services to ensure that the school’s WiFi network is not being abused, there is unlikely 

to be any real restriction on what students might access - whether on school grounds or 

otherwise.

5.2.6. Streaming and the Zone of Free Movement

In considering the implications of mobile learning for assessment, and vice versa, it may 

�������������������������������������������������������������������������������������������

regarding students’ behavioural maturity. To this end, we shall explicitly associate mobile 

learning with the Zone of Free Movement, as it is evident that the introduction of student-

centred mobile device usage has a significant impact upon each student’s ZFM. Similarly, 

���������������������������������������������������������������������������������������������
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the case study schools - streaming practices were invariably informed by an assessment of 

some kind. The issue at present is therefore to examine the relationship between streaming 

and the ZFM, where the ZFM may vary according to the inclusion or exclusion of the 

M-ZFM.

Despite the second-tier nature of these relationships, this particular connection between 

mobile learning and assessment appears to be surprisingly robust. If we remove the 

intermediate steps, what remains is a link that is apparently causal: assessment results 

directly influence the teacher’s implementation and management of the students’ mobile 

learning. This was true even of cases such as Moorgate Secondary College, where the 

initial assessment was conducted, not through an assessment task, but rather through 

teachers’ perceptions of what might be expected of Year 7 students. The teachers had, 

essentially, “assessed” the students even before they had met them.

����������������������������������������������������������������������������������������

in the class exhibit a certain level of behavioural maturity. Irrespective of whether or not 

����������������������������������� ��������������������������������������������������

and emphasise learning despite the presence of these devices, with their inherent ability 

to dramatically increase each student’s Zone of Free Movement.

At this juncture, it may be salient to consider the analogy that is often made between 

mobile device misuse and pre-mobile-device forms of off-task behaviour. To reiterate 

a point made earlier, the leadership team at St John’s Wood Catholic College discussed 

the need to regulate teachers’ reactions to device misuse (see Section 5.2.5.1); but while 

the analogy with “drawing in the back of the [exercise] book” may be reasonable for the 

purposes of demonstrating the logistical implications of confiscating the student’s mobile 

device, it tends to gloss over the question of the student’s increased ZFM. As numerous 

studies on gaming and social media addiction attest (e.g. Ryan et al., 2014; Cash et al., 
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2012), mobile devices offer scope for entertainment and behaviours that are far more 

diverse and sophisticated than doodling in the back of an exercise book. Ragan et al. 

(2014) particularly discussed the frequency with which students accessed social media, 

games and web browsing, and, as described by Shek et al. (2009), attributes of internet 

use also include such potentially desirable affordances as anonymity, greater control over 

one’s self-presentation, opportunities to fulfil the need for belongingness, and escape 

from emotional difficulties and personal hardship. It would be reasonable to expect that, 

for adolescent students, there is the potential for internet-enabled off-task behaviour to 

present as a more attractive option than school mathematics.

Unregulated mobile device usage essentially offers students more, and potentially more 

appealing, opportunities to exit the Zone of Promoted Action being maintained by the 

teacher. Of these expeditions, there are certainly some which position the student as a 

“seamless learner” who can, “mediated by technology … explore, identify, and seize 

boundless latent opportunities … rather than always being inhibited by externally defined 

learning goals and resources” (Milrad et al., 2013). One example of such behaviour was 

observed at Farringdon High School, where a Year 11 Extension 1 student ignored the 

anti-differentiation exercises that had been set for the class, preferring instead to play 

with a graphing application. Classmates watched as he experimented with creating graphs 

that would take on a particular appearance, and offered suggestions of graphs that he 

might try to produce. It could be seen that this student’s exploration of the effects of 

changing the parameters of the graphs was arguably beneficial for his mathematical 

development; and through his explanations of his findings to his neighbours, it was evident 

that his understanding of the characteristics of polynomials was becoming increasingly 

sophisticated.

While the mobile device undoubtedly allowed this student to explore facets of 

������������������������������������������������������������������������������������������
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there is likewise potential for students’ technology usage to be educationally bankrupt. 

With student-centred mobile technology being very nearly a constant presence in their 

classrooms, teachers at Moorgate Secondary College readily admitted to the potential 

for the technology to be a source of distraction. As explained by the teacher of a Year 9 

��������������

You would have [seen] - Max, once he’d finished his work this morning, went to 

YouTube ... What’s on YouTube - well, it’s the right stuff today, but, it’s very easy 

to go to something else on there. It’s an ongoing issue, but the way you set up your 

rooms … if you’re hiding in the corner, it’s generally a dead giveaway that you’re 

hiding something, so you’re probably not on task. (Simon, MSC5 0:08:30)

It was therefore interesting to note that Moorgate Secondary College chose to phase out 

iPad restrictions during Year 7 and 8, and indeed upheld the idea that self-restraint was a 

quality that should be deliberately instilled into students:

Year 7 and Year 8, they probably do a lot more restricting of iPads, so access to 

certain sites or games or, you know, really getting there and putting restrictions 

on. It’s something I do in Year 9, I say, “Look, I don’t want to do that. I can, but 

I’d much prefer you to have access to everything, and be responsible with how 

you use it. Because whether it’s next year or the year after or your work life, 

those restrictions won’t be there, and if you can’t focus on what you need to do 

because you’re distracted by something else. I want you to try and learn that now.” 

(Simon, MSC5 0:07:52)

The implementation of this kind of learning - that is, learning how to use mobile technology 

usefully and responsibly - necessitates the presence of a complete and uncensored M-ZFM. 

Thus, in realising this idea of the skills that students actually needed to acquire, Moorgate 
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would start students’ learning by offering few opportunities to deviate from the ZPA. Then, 

the M-ZFM would gradually be expanded, while signals would be maintained regarding 

the impropriety of spending class time in the newly accessible areas (Figure 5.19).

Moorgate’s approach to the issue of streaming and its relationship to the M-ZFM 

essentially offered the somewhat radical proposition that all students should, and can, 

be taught to behave responsibly while using mobile technology in class. It should here 

be noted that Moorgate’s current method of implementation was relatively new, being 

introduced for the Year 7 cohort in 2016, after four years’ experience with other methods 

of managing device usage. Indeed, this practice effectively demonstrated the completion 

�����������������������������������������������������������������������������������������

management methods being mastered by Teachers-as-Learners.

The relatively slow acculturation that occurs through the process of gradual ZFM 

expansion is characteristic of many of the choices that were made at Moorgate Secondary 

College. Instead of quick implementation and the expectation of rapid results, Moorgate 

had spent four years slowly moulding its approach to mobile learning, and considered 

pedagogical modifications as a long-term initiative:

ZFM

M-ZFM

ZPA ZPD

Figure 5.19. Teaching that is implemented solely through the changing of zone 
configuration.

ZFM M-ZFM

ZPA ZPD
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Probably the thing we’d like to shift to a little bit more in the future is the 

collaborative aspect of online connections. So, not only within our own school, so 

the kids being able to peer teach, or share their own learning, between each other, 

but also being able to connect to the outside world a little bit more. Because I think 

in the first four years we’ve just been focused on getting things right here. I think 

it’s probably a good point for us to move forward next. (Ellen, MSC6 0:03:11)

However, the experience Moorgate has gained regarding methods of device management 

is not, using currently available technology, practically applicable for many school 

situations (Figure 5.20). In particular, at the current point in time, Moorgate’s approach is 

unlikely to be realistically achievable for schools where the devices are not uniform. Even 

if students are all asked to procure devices to a particular specification, the school must 

be able to request sole administrator privileges on every student’s device. Additionally, 

school staff must be confident that they are capable of managing all of the student devices 

efficiently and scalably, and that they have the technical expertise required to gradually 

roll out access privileges, troubleshoot security breaches and maintain the requisite level 

of control.

Of the case study schools, only Moorgate and St John’s Wood Catholic College had 

mandated a particular variety of mobile device for school use. Bermondsey College and 

Chesham House “strongly suggest” but do not demand particular device specifications, 

while Elm Park, Farringdon and Osterley High School offer little guidance beyond the 

requirement that the device be able to connect to the school WiFi network. It is therefore 

����������������������������������������������������������������������������������������

serendipity, regarding device management issues, Moorgate and St John’s Wood were 

the only schools in this study that might reasonably be able to implement a slow and 

controlled rollout of device access privileges.
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ZFM / M-ZFM

ZPA ZPD

Figure 5.20. Teacher-as-Learner positioning of the application of device restrictions.

The act of restricting student devices is:

1. permitted (within staff ZFM)

2. promoted (within staff ZPA)

3. possible to learn (within staff ZPD)

ZFM / M-ZFM

ZPA ZPD
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ZPA ZPD
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ZPA ZPD

Scenario 3: Where the school cannot 
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Scenario 4: Where school staff have 

insufficient technical knowledge

Scenario 1: Device restrictions at 

Moorgate Secondary College

Scenario 2: Where student devices are 
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devices is not technically feasible or 
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and promoted by the school community.
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ZFM), even if staff had both the will and 

the knowledge to make it happen.
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ZPD), even if it were both permitted and 

promoted by the school community.

������������������������������������������� �������������������������������������������



�����������������������������������������������������������������������������������������������������������

���������� ���

5.3. The Influence of the M-ZFM upon 

Mathematics Assessment

From 2019, modifications are slated for the assessment schedule for advanced mathematics 

courses in the NSW Higher School Certificate. Perhaps the most contentious of these 

modifications has been the mandating of two assessment tasks, one in Year 11 and one in 

Year 12, that are either assignments or investigations - that is, neither examinations nor 

tests. As outlined by NESA (2017a and 2017b), the assessment program must adhere to 

the following requirements:

Year 11: Three assessment tasks [of which] one task must be an assignment or 

investigation-style with a weighting of 20 - 30%.

Year 12: A maximum of four assessment tasks [of which] one task must be an 

assignment or investigation-style with a weighting of 15 - 30%.

With two of the seven case study schools (Elm Park High School and Farringdon High 

School) choosing, to date, to conduct summative assessment in mathematics exclusively 

through tests and examinations, the introduction of a compulsory assignment-based 

assessment component for the senior students requires a considered rethink of their entire 

approach to mathematics assessment - and, to some extent, mathematics pedagogy. As 

discussed by Mislevy (2013),

assessments do not simply measure existing qualities in students, and they don’t 

even just shape the development of those qualities. Rather, in a degree that is 

arguable but an effect that is not, they cause those qualities to exist, and peoples’ 

lives and practices to adapt to them. (p. 9)
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The valuing of project work in such a high-stakes assessment necessarily influences the 

nature of the emphasis in mathematics teaching and learning. To illustrate this, we shall 

employ the Zone Theory model to visually represent the change.

5.3.1. Zone Theory Representations

Figure 5.21 shows the application of Valsiner’s Zone Theory to the change in assessment 

regime for a Teacher-as-Learner. In this circumstance, the environmental changes are 

being managed by NESA.

Figure 5.21. Change in pedagogy due to change in assessment, for Teacher-as-Learner.
From (a) before 2019 syllabus for advanced mathematics to (b) following directives 
regarding mandatory assessment activities.
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While the “before” and “after” diagrams are topologically identical, they are presented in 

this manner to allow comparison by superimposition. Note that the oversimplification of 

the diagram should not adversely affect its ability to illustrate the cases in this circumstance.

Figure 5.22. Positioning the 
���������������������������������

towards assessment by project 
work: Augmentation of the Zone of 
Promoted Action.

ZPDZPD

Figure 5.23. Positioning pedagogies 
that were previously disallowed, 
���������������������������������

assessment regime.
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encourage. It should be noted that the 

ZPA is only being augmented, not 

reduced. With students being required 
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method, the expectation is that teachers 
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to suit. This does not, however, mean 

������������������������������������������

activities around assessment by 

examination; such activities remain in 

the ZPA (Figure 5.22).

These modifications to the ZPA are 

limited in their effect on the ZFM. 

Changes in this regard exist solely for 

the purposes of expanding the ZPA of 
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project work in mathematics. Under 

such circumstances, a ZFM expansion 
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is required to acknowledge the necessity of engaging with project-based pedagogies 

(Figure 5.23).

Throughout all of these zone changes, the ZPD is, of course, unaffected. Since the ZPD is 

internal to the teacher, it is not subject to manipulation by the changing of departmental 

guidelines; rather, it is only modified after the teacher (as learner) engages in an act of 

learning.

It can be seen that these diagrammatic representations offer only one possible interpretation 

of the effect of the change in assessment regime. To be explicit, the position of the action 

“to promote skills and strategies related to project work” is ambiguous, and depends 

upon the school’s understanding of what such an assessment would entail. If we consider 

��������������� ���������������� ������������ �������������� �������������� ������ ������������

students’ school-based assessment,

one task must be an assignment or investigation-style with a weighting of 15-30% 

(NESA, 2017a and 2017b),

it is evident that the guidelines mandate engagement with project-based assessment. 

However, this injunction differs fundamentally from communications regarding centrally 

managed assessment, because it does not specify the nature of the school’s commitment. 

Thus, while departmental directives may imply such an obligation, the choice regarding 

how to engage is still dependent upon the school. To illustrate this, we need to augment 

the zone diagram so that it includes two ZPAs, maintained by two stakeholders: the 

department (NESA), and the school community (Figure 5.24).

The difference here may be illustrated through reference to some notorious incidents 

in HSC-level teaching and assessment. Singhal (2017) describes an error made by one 

school, which taught the General 1 syllabus to its HSC General 2 cohort. While the 
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school in this case was publicly reprimanded and obliged to remediate the oversight, it 

is unlikely that a mishandled school-based internal assessment would have generated a 

similar level of fuss. In the case of the school described by Singhal, it was probable that 

the controversy owed much to the centrally managed and thus non-negotiable nature of 

the impending assessment.

5.3.2. Project-Based Assessment and Mobile Learning

While the change in HSC assessment requirements is not explicitly linked to mobile 

���������� ��� ������ ������� ����� ���� ���� ����������� ������� ��� ����������� ��� ����������

recognition of the importance of mathematics as a social exercise. With suggestions for 

appropriate tasks including

� an investigative project or assignment involving presentation of work in class

� an independently chosen project or investigation

Figure 5.24. Positioning the ZPA for a school’s approach to mathematics pedagogy.

(a) ZPA for pedagogies that support project-based assessment, as described by NESA

(b) ZPA for a school exhibiting indifference and/or disregard

(c) ZPA for a school that chooses to engage.
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�� scaffolded learning tasks culminating in an open-ended or modelling style problem

�� a guided investigation or research task involving collection of data and analysis

(NESA, 2017a and 2017b) 

it appears that the assessment task is intended to promote applications of mathematics 

in real-world contexts; and while it is not prescriptive regarding the use of technology, 

it is evident that the nature of the task supports the assessment of mobile learning in 

mathematics. That is, the task offers scope for the assessment of mathematical skills that 

can be demonstrated with the aid of technology. As noted by Leigh-Lancaster (2010), such 

a task would be a necessary component for the implementation of curricular expectations 

in technology-enabled mathematics: 

If curriculum is to say what students should, as a consequence of their learning, 

know and be able to do (concepts, skills, processes and the like) and assessment 

is the means by which judgments are made about progress and achievement, then 

a curriculum that sets expectations for the active use of technology as an enabling 

tool for working mathematically requires congruent expectations and practices for 

assessment.

Thus, while the regime does not specifically note the applicability of mobile device usage 

��������������������������������������������������������������������������������������������
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skills associated with technology use. Pea’s (1987) description of the purpose of cognitive 

technologies foreshadowed the mathematical abilities that will be valued when technology 

can be used to replace “the drudgery of remembering and practicing cumbersome 

algorithms”; and since Weiser’s (1991) characterisation of ubiquitous computing, the 
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ability of personal technology to support distributed cognition has gradually become a 

reality. Following Pea and Maldonado’s (2006) description of computers 

embedded in everyday life activities to the point of “invisibility”, so that we 

unconsciously and effortlessly harness their digital abilities as effort-saving 

strategies for achieving the benefits of “distributed intelligence” ,

we now have “generalised mobile devices with integrated functions, cognitive tools for 

doing things, like mapping concepts, running simulations, gathering data and structuring 

discussions” (Laru & Järvelä, 2015, p. 474). In this distributed cognitive system, “routine 

cognitive tasks are performed by tools (technological artefacts) and more complex 

communications and tasks are the core intellectual capabilities of people” (Laru & Järvelä, 

2015, p. 473). 

In effect, while mobile device usage is not specifically mentioned in the new assessment 

regime, it certainly appears that the directive aims to encourage the development of 

students’ distributed cognitive capabilities. With the increasing ubiquity of mobile 

�������������������������������������������������������������������������������������������

be reasonable to expect that a majority of the implementations of this assessment would 

include student-centred mobile device usage. It is therefore apparent that, in instigating 

the change in assessment methodology, there has been high level consideration given to 

student-centred mobile device usage; and, given that the outcome has been to execute this 

change, there is also evidence of high level support.

Thus we have a circumstance where a high-stakes assessment task apparently permits, 

and can be perceived to encourage, the employment of mobile pedagogies. Despite the 

lack of an explicit acknowledgement of the relationship, the current state of mathematics 
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assessment task and mobile learning. In effect, the use of mobile technology in supporting 

mathematical thinking cannot be adequately assessed without offering students access 

to mobile devices whilst undergoing the assessment; and conversely, there are clear 

expectations that implementations of this assessment task will see students using their 

mobile devices for the purposes of producing a mathematical outcome.

With the introduction of this assessment regime being slated for late 2019, there is as 

yet no data upon which to draw for the purposes of determining its effects. However, it 

would be reasonable to assume that implementations will not significantly differ from 

mathematical investigations and assignments that have been used in the past. We shall 

therefore turn to past experience in an attempt to gain some insight into potential outcomes 

of the proposed assessment methodology.

5.3.3. Skill Development

It is evident that the rationale behind modifying a prevailing high-stakes assessment regime 

must include compelling arguments regarding the benefits of the new methodology. In the 

present case, it is asserted that the purpose of the change is to:

�� ���������������������������������������������������������������������������������

�� ���������������������������

�� provide opportunities to assess students’ depth of knowledge and their conceptual, 

analytical and problem-solving skills.

(NESA, 2017c)

With increased significance attached to students’ “conceptual, analytical and problem-

solving skills”, it may be inferred that the newly introduced mandatory project work 
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component is intended to offer a means of promoting and valuing this kind of skill 

development. As an aside, it is interesting to note that there are indications of a kind of 

pragmatism in the implementation of this change in emphasis. Rather than merely adding 

“conceptual, analytical and problem-solving skills” as an aim in the syllabus, having 

them inserted into the assessment program virtually guarantees that consideration will be 

given to their significance in the acquisition of mathematical competence. By including it 

in the assessment, it becomes far more difficult to ignore the overall intention to engage 

all students in the development of such proficiencies.

5.3.3.1. Comparisons with the International Baccalaureate (IB)

The examples of assignments and investigation-style tasks offered in the syllabus 

documents bear some similarity to the Mathematical Exploration task that has been 

an integral component of the IB mathematics assessment since 2014 (IBO, n.d.c and 

n.d.d.). With Mathematics Advanced being roughly comparable to the International 

Baccalaureate’s Mathematics SL, and Mathematics Extension 1 and 2 comparable to 

Mathematics HL, it would be expected that the reasons given for the new assessment 

regime in NSW would bear some similarity to the IB’s rationale for the exploration task:

The internally assessed component, the exploration, offers students the opportunity 

for developing independence in their mathematical learning. Students are 

encouraged to take a considered approach to various mathematical activities and 

to explore different mathematical ideas. The exploration also allows students to 

work without the time constraints of a written examination and to develop the 

skills they need for communicating mathematical ideas. (IBO, n.d.e)
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As a school that offers the International Baccalaureate as an alternative to the HSC, it is 

notable that Bermondsey College implements the IB Mathematical Exploration with a 

strong emphasis on technology use. As discussed by mathematics teacher Philip,

they’re allowed to use anything to do that, right. So you know your question about, 

can they go and talk to people, can they use the internet - Yep. Yep. And they’re 

encouraged to. They’re encouraged to use technology. And it’s got to be a word 

processed document (BC1 0:27:17)

even though the International Baccalaureate’s own guidelines permit handwritten work, 

and, like the NESA documents, do not deliberately prescribe the use of technology in any 

form (IBO, n.d.f).

Philip considers the inclusion of the Mathematical Exploration in the IB assessment 

schedule as being of particular benefit for the students’ development, noting that it assists 

with more than just their mathematical understanding:

I think it’s a brilliant idea. A really good way to actually develop skills that they 

need to develop … But that’s, you know, Year 12. It’s just a year before they’re 

about to start university … And it builds skills that you need when you finish 

school and go into university. (BC1 0:25:31)

�����������������������������������������������������������������������������������������

examination.

Being able to come up with a concept for a research project and write a report. That 

skill, in my opinion, is a lot more valuable than learning trig equations. Because, 

like trig equations, yeah I can remember how to do them, today … and then, a few 

years from now - yeah. Dunno. Forgotten all that crap!
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And it doesn’t make any difference, that I don’t know trig equations any more. I 

will never use them. Ever, in my life. Whereas the skills that’s writing a report, 

I will use for the rest of my life. We all write reports, we all communicate, with 

some form which requires us to put our thoughts into a document … and give it to 

other people. (BC1 1:14:56)

However, it is obviously erroneous to expect that the provision of an opportunity to 

engage with project work is sufficient to create thoughtful, self-directed learners. The 

development of such research and report-writing skills also depends on other factors, 

including the student’s own confidence in their ability to execute the task, and their 

motivation to achieve. Thus it was found that, while the IB task was conceptually sound, 

its pedagogical value would vary considerably, depending on the dedication and ability 

of the student:

A lot of them just go, yeah I’ll just go through the motions, and they sadly miss 

the opportunity. Well, probably not a lot of them, some of them do. The better 

students will really get into it. [ It ] makes me think, you know, it does boil back 

to motivated students wanting to learn, wanting to achieve. If you’ve got a student 

who’s at the other end of the spectrum, that sort of task is terrible. It’s just really 

hard. Because they don’t know where to start. (BC1 0:32:31)

It is clear that, in Philip’s opinion, the appropriateness of the IB task for students’ 

development is highly dependent on the personal characteristics of the student. He 

describes an appropriate IB candidate as being a member of a small number of students 

who are able to cope with the rigours of the course:

There’s a lot of issues with doing it ... You’ve got to do three subjects at a higher 

level. Higher level mathematics is somewhere between 3 and 4 unit mathematics. 



�����������������������������������������������������������������������������������������������������������

���������� 330

So, that’s hard, right. And then you’ve got to do 2 other subjects at a higher level. 

So if you’re an OK student but you’re not able to do Extension anything, in any 

courses, you can’t do the IB. If you can’t do a foreign language, can’t do the IB … 

Then there’s fail criteria, right. So if you don’t get 12 marks out of your 3 high-

level courses, you don’t get a certificate. (BC1 1:39:50)

The fact that Bermondsey College, with its privileged student body, maintains a relatively 

small IB cohort, attests to the idea that the IB course is only suited to a minority of 

students; and it appears that, even within this select few, there were students for whom 

the Mathematical Exploration was particularly challenging. It is therefore unclear if the 

project-based assessment model is inclusive enough to allow all students to achieve, or if, 

indeed, students will have the skills to produce quality original project work in advanced 

mathematics.

5.3.3.2. Alternative Implementations of Project-Based 
Assessment

As a counter to the challenge and sophistication of the IB Mathematical Exploration, it 

would be well to consider the experience of schools that offer different interpretations 

of what project-based assessment in mathematics might look like. We shall begin with 

a trigonometry research task that comprised one of four assessment items for Year 9 

students at Osterley High School (Figure 5.25).

With a considerable gulf between the assessment styles of the Osterley task and the IB 

Mathematical Exploration, questions must be raised regarding the nature of the skills 

that each task seeks to develop. To ground this discussion with an appreciation of the 

level at which the Osterley students were expected to be working, we shall here note that 
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a comparable mechanism was discussed by Holly from Farringdon High School, while 

describing the levels of support offered in a Year 10 5.1 assessment:

The way we’re assessing them is, If the volume for a cylinder is ��������������

blah. What’s the volume of this guy. Right here! And I think that’s really nice. 

What can you do? Show us what you can do. (FHS1 1:26:04)

It is evident that, through these closely guided assessment items, both Osterley and 

Farringdon were aiming to cater for students who need more support to achieve. The 

contrast between this, and the IB Mathematical Exploration, could hardly be more marked, 

���������������������

a) What was the length of the tree’s 

�������

b) What was the length of your shadow?

c) What was your measured height?

d) Calculate the tree’s height, showing 

your working. Give your answer in 

metres to 2 decimal places.

You will need the 3 measurements: � the length of the tree’s shadow 

� the length of your shadow

� your height

Divide the length of the tree’s shadow by the length of your shadow. Then multiply the 

answer by your height. This will tell you how tall the tree is!

�����������������������������������������������������������

Figure 5.25. Detail from Osterley High School’s Year 9 assessment task. (Appendix A-11)
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with the one providing intensive scaffolding, and the other generally lacking any form of 

tangible guidance; and apparently neither being suitable for the assessment of an entire 

cohort of disparate learners.

With a highly diverse student population, Moorgate Secondary College overcame the 

challenge of creating assessment tasks that were suitable for all students by assuming that 

any one task could not fulfil this need. Instead, each assessment task is offered at four 

different levels of difficulty. Freedom to choose the level at which to perform contributes 

to the ingenuity of a design that offers a differentiated learning experience, whilst giving 

students opportunities to challenge themselves to achieve.

5.3.4. The Hidden Curriculum of Assessment Practice

The development of students’ abilities to engage successfully with their mathematics 

assessment tasks is evidently a process that takes time. Indeed, all of the case study 
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borne from experience, regarding assessment expectations. Students at Elm Park were 

observed studying techniques for solving unusual problems in past HSC papers. In the 

lesson prior to an examination, students at Chesham House were observed specifically 
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of the examination, unit conversions, and ways to avoid rounding errors when using a 

calculator. At Bermondsey College, before-school mathematics help sessions were fully 

subscribed in the lead-up to the examination period, and at St John’s Wood Catholic 

College the leadership team noted how teaching changed prior to a test. It was apparent 

that, following exposure to their respective cultures, and the acquisition of the experiences 

and understandings that define it, students in all of the case study schools adapted, in large 
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was deemed unacceptable and what would be considered to be exemplary - in short, what 

it meant to perform in a manner consistent with the school’s expectations. 

With a particular emphasis on project-based assessment, it was interesting to note 

that, when it came to internalising a hidden assessment curriculum, the experience at 

Moorgate Secondary College appeared to be roughly consistent with that of other 

schools that employed more traditional assessment techniques. With a school culture that 

valued project-based assessment from Year 7, both teachers and students at Moorgate 

became familiarised with the assessment methodology, and like Bolton and Elmore’s 

(2013) “controlling” structure, the students’ understanding and acceptance of assessment 

expectations were established before they were required to become high-level participants. 

Thus, in a similar fashion to its gradual introduction of mobile learning, Moorgate offers 

students step-by-step guidance through the hidden curriculum of project-based assessment 

practice:

But I think it happens in Year 7 and 8, so by the time they get to Year 9 … [ they ] 

know what the task card’s expectations are, so, most of them are reasonably well 

trained before they get to Year 9. (Simon, MSC5 0:05:56)

The case of Moorgate Secondary College was particularly revealing for its explication 

of the subtleties of school culture. Like curricular education, there is a learning curve 

associated with the acquisition of competence in the “hidden curriculum” of school 

assessment practice; and until such norms are internalised, students must come to terms 

with what is considered to be acceptable (Konieczka, 2013) and the characteristics of 

curricular activity that are actually valued (Sambell & McDowell, 1998). It was only 

after having undergone the comparatively slow process of developing an ingrained 

disposition for these expectations through school life experiences - essentially the 
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expectations - that Moorgate’s senior students were assumed to be able to engage with 

project-based assessment in a relatively equitable manner.

Thus senior students at Moorgate Secondary College were, as a cohort, considered to 

be capable of successfully engaging with project work and demonstrating skills related 

to project management. Indeed, with an entire curriculum based around project-based 

assessment, Moorgate deliberately considered all of the students’ developing skills in 

light of their transferability. The aim, in this case, was to emphasise competencies that 

were actually applicable for life after school. As described by a Mathematics/Science 

��������

from my background as a scientist, if I didn’t know a species name, if I didn’t 

know an organism or what it was doing, I would have to go to scientific papers, do 

the research, figure it out, and then put it into context. That’s the powerful thing 

of learning. Getting students to regurgitate stuff en masse is kind of pointless. 

So, the challenge is to design assessment tasks that can’t be copied and pasted 

from the Internet, but they can use research and stuff to inform their answers 

and give justification in their own words, is I think the depth of understanding. 

(Malcolm, MSC3 0:24:14)

This perspective would contrast directly with schools that may be obliged to introduce 

mathematical project work for the first time in the students’ senior years. Having not 

previously conducted mathematics assessment in this way, the introduction of such a 

methodology would necessarily be disruptive to established norms for demonstrating 

student achievement. It would therefore be reasonable to expect it to require time for 

the students - and, indeed, the teachers - to attain an appreciation of, and fluency in, 

the different ways of thinking that will inform how a new assessment method must be 
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approached. Similarly, time is also required to consider issues that are likely to interfere 

with the successful implementation of a novel assessment methodology. 

5.3.5. Concerns regarding Assessment Integrity

Difficulties with project-based assessment are not limited to students’ abilities to interpret 

the assessment requirements. From the teachers’ perspective, confounding factors must 

include the increased complexity of the assessment process. It obliges an appraisal of 

what can potentially happen when assessment mechanisms change, and an appreciation 

of the incentive structures that will influence both teacher and student behaviour.

Perhaps the most obvious issue with a project-based assessment regime is the potential 

for students to submit work that is not entirely their own; although issues such as these 

are, of course, not limited to project-based assessment. In one notable example, O’Neil 

(2016) describes the cheating that occurred in the city of Zhongxiang, where students 

were renowned for performing exceptionally well in the national standardised test. An 

investigation one year saw students surrendering transmitters disguised as pencil erasers, 

and the uncovering of communications equipment in a nearby hotel.

The response to this crackdown on cheating was volcanic. Some two thousand 

stone-throwing protesters gathered in the street outside the school. They chanted, 

“We want fairness. There is no fairness if you don’t let us cheat.” ... Whether or not 

it was the case, they had the perception that others were cheating. So preventing 

the students in Zhongxiang from cheating ��� unfair. (Chapter 3, “Arms Race: 

Going to College”, para. 49-50)

Despite, or perhaps because of, examples such as these, it is evident that integrity is more 

easily enforced when students sit an examination. Indeed, the prospect of introducing 
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project-based assessment is akin to removing all external barriers to outside assistance. 

Assessment by assignment implies a level of trust. With students encouraged to seek 

inspiration from external sources, and permitted to work on their assessment items 

without constant oversight, it is necessarily unclear how much of the student’s work is, 

in fact, original.

While assessment integrity has always been a concern for the grading of coursework, 

�������������������������������������������������������������������������������������

a reliance on tests and examinations of unseen content for a large proportion, if not all, 

of its assessment. Indeed, as discussed by Bridges et al. (2002), there is a pragmatism 

in including formal examinations as part of the assessment schedule, irrespective of the 

subject matter:

One problem that is encountered by assessors is uncertainty as to whether the 

submitted work is that of the student. When the majority of students in a cohort 

achieve high marks, how is this to be interpreted? Is this result a reflection of 

industry, commitment and academic achievement or is it an indication of other 

��������� ���� ������� ��� ����� ���������� ��� ����� ���� ������ ��� ���� ��������� ���� ����

inclusion of a formal examination as part of the assessment provides the tutor with 

evidence of the candidate’s ability. (p. 46)

Despite its relative inability to value depth of understanding over the capacity to articulate 

knowledge in time-constrained conditions, the examination is valued for its ability to offer 

unquestionable evidence of student achievement. With skills associated with traditional 

mathematics being largely examinable, mandated project-based assessment effectively 

introduces, for the first time, the idea that there will be elements of uncertainty regarding 

whether or not a student’s submission truly reflects their own achievement. It paves the 
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way for doubt regarding the provenance of submitted work to become an issue whilst 

grading.

Anecdotal evidence of unauthorised external assistance was offered by Bermondsey 

College as the reason that the school no longer conducted project-based mathematics 

assessments for its junior students:

In Year 7-10 it’s just exams. Except we used to have sort of some assignment where 

they hand things in. And we found that typically that was either done exceptionally 

well, probably by someone else, or very poorly. So it was just - it didn’t really 

actually give us a good indication about what the student actually knew. Does that 

make sense? Because all you’d get back was something the parent had done, or 

some tutor had done, or something else. (Philip, BC1 0:24:37)

The IB Mathematical Exploration handled this problem by requiring students to sign a 

declaration:

They have to sign something saying that it’s all their own work. Though, yeah 

it’s serious if they’re just getting someone else’s work, and then they can get the 

guys their whole leaving certificate ... There have been, um, quite a number of 

instances where people actually paid for people to write these reports for them. 

(Philip, BC1 0:28:14)

Attempts to uncover the methods employed to obtain “someone else’s work” for 

submission, led to the location of online vendors who would outsource the work for a 

fee (Figure 5.26). It is significant that this kind of academic misconduct is not detectable 

through current anti-plagiarism methods such as Turnitin, which can only match against 

work that has already been submitted or published elsewhere. Indeed, as discussed by 

Lancaster and Clarke (2016),
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Since contract cheating is being considered to produce original work, this also 

means that a tutor looking to take a contract cheating case forward to an academic 

integrity panel will not usually have the benefit of being able to show where the 

student copied the work from. (p. 642)

The assessment of project work for students who value high marks has been particularly 

concerning for the academically selective high school Elm Park. According to head 

mathematics teacher Daniel,

����������������������������������������������������������������������������������

candidature of the - and because we don’t offer Stage 5.2, so we can’t set a separate 

one for them, it’s 120 sitting, doing the same task. It’s how to minimise on the, 

Figure 5.26. ��������������

contracts from 2016 ($40 
each) for IB Mathematical 
Exploration papers, on 
a website offering essay 
writing services.
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uh, academic misconduct. Plagiarising off the net, or off a friend, or otherwise. 

That’s the big concern that the selective schools have. Because all of us will 

operate in a very similar way. That is, the 120 or 150, [do] exactly the same course. 

(EPHS1 0:30:19)

With a large cohort of academic high achievers who all study the most rigorous 

mathematics course, the problem of setting project work that would result in the 

production of unique and original artefacts is necessarily non-trivial. To illustrate one 

potential problem, mathematics assignments were obtained from two university students 

who were accused of collusion (Figure 5.27). According to the students, the assignments 

were independently produced and there was no collusion in the case. The reason that 

they gave for the answers being the same was that, as friends, they had helped each other 

to understand the coursework - and in so doing, had caused each other to perpetuate the 

same mathematical misconception.

With an intention to value mathematical work that permits the employment of distributed 

intelligence, project-based assessment offers a solution that, while appealing for its 

Figure 5.27. Comments on students’ mathematics assignments.
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pedagogical benefits, is also prone to being gamed. Issues with cheating are particularly 

problematic in this case because it is difficult for the teacher to definitively prove that 

cheating has actually occurred. Since mathematics is a discipline within which it is 

possible to have simple answers that are absolutely correct, it can be hard to distinguish 

between the student’s ability to solve a problem, and the student’s ability to choose the 

right friend from whom to copy.

5.3.6. Concerns regarding Time and Effort

Mathematics is, in a sense, peculiarly suited to assessment by examination. An examination 

offers the potential for a one-on-one interrogation of mathematical skills - a procedure 

that is both straightforward to administer, and relatively easy to grade. The production 

of correct responses infers a reasonable likelihood of mathematical understanding, while 

incorrect answers can be analysed for misconceptions and partial credit. As an assessment 

mechanism, the examination is efficient, scalable, and largely unarguable, producing 

objective “evidence” of student achievement.

Thus, with historical experience of straightforward and incontestable assessment practice, 

the inefficiencies associated with grading project-based assessments are cause for concern. 

It is apparent that the evaluation of mathematical project work differs fundamentally from 

the appraisal of a response on a mathematics examination paper - partly because the 

teacher must consider the possibility of academic misconduct, but also partly because the 

nature of the mathematics being assessed must change. Under examination conditions, 

assessments can include administrative measures that ensure the reliability of results from 

questions with short answers. However, such questions, while relatively easy to grade, 

are poorly suited to project-based assessment. There is too much potential for students to 
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confer with each other to ascertain the correctness of each answer, and consequently the 

integrity of the assessment is liable to be called into question.

It is therefore the case that, for project-based assessment in mathematics to maintain some 

semblance of assessment integrity, the task must comprise questions for which students’ 

responses are expected to be variable. To this end, one possible solution is offered by 

the International Baccalaureate’s Mathematical Exploration task, which requires students 

to write a report on mathematics that they find personally relevant or interesting. The 

mathematics, in this case, must be of a difficulty level not less than what is included in 

the Year 11 curriculum.

Not only does this report require students to personally select the aspect of mathematics to 

discuss, but the grading rubric offers comparatively little credit for the mathematics in the 

report. That is, the only component that might reasonably be considered to be symbols-

based and therefore amenable to objective grading practices, comprises a relatively small 

proportion of the final mark:

Out of the 20 marks in the standard I-level report, the mathematical processes that 

you have to demonstrate in that assessment task is only 6 marks out of 20. That’s 

how they value it. (Philip, BC1 1:16:20; see Section 4.4.4)

With considerable weight being given to skills other than those of comprehension and 

calculation, the Mathematical Exploration task makes it clear that what it values is a 

far broader interpretation of what is considered to be a mathematical skill. According 

to this premise, such skills include persuasion, clarity, and creativity, as well as (in 

the case of Bermondsey College) some sophistication in the use of technology for the 

purposes of producing the report. While this holistic approach is undoubtedly valuable 

for demonstrating the student’s competencies, it fundamentally changes the process of 
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grading the submission. In requiring a confluence of skills on the part of the student, 

it obliges the teacher to become expert in all of these skills, both in isolation and in 

combination; and it obliges the assessor to have the sophistication, not only to assess the 

extent to which all of these skills are exhibited, but also to assess the coherence of the 

report in its entirety.

The creation of such an assessment task therefore implies a considerable shift in what is 

expected of the mathematics teacher who supports its development, and who ultimately 

assesses the quality of the final product. To be explicit, the teacher is required to assess, 

in combination:

�� the originality of the work,

�� the clarity of its communication, and

�� the correctness of the (Year 11+) mathematics.

As a grading exercise, this is decidedly different to the assessment of any other student 

submission that might be expected at a secondary school level. While it is currently 

standard for essays and reports in other subject areas to be graded for originality and 

clarity, or for mathematics to be graded for clarity and correctness, the combination of 

originality and mathematical correctness has the potential to be problematic. With a 

value judgement also being associated with clarity of communication, there are several 

considerations that can serve to complicate the act of assessment.

5.3.6.1. Time considerations

To illustrate one practical issue with the assessment of the IB Mathematical Exploration, 

Philip from Bermondsey College explained the commitment that was expected of the 

teacher. With eighteen students in his Standard Level (SL) class, Philip offered the 

following breakdown of the time that he spends grading this assessment:
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In regard to the IB exploration papers.  The process is:

�� ��������������

�� Provide formal feedback to the student

�� Meet with the student and discuss the feedback

�� Review, mark and annotate the final submission,

�� Scan, upload samples of my marking to the IB and enter results to the IB

Minimum of 4 hours per IA. So 18 students = 72 hours or two weeks’ work.

(BC, personal communication)

Philip’s exposition of the significant amounts of time and care required to assess project 

work was corroborated by head mathematics teacher Will at Farringdon High School. 

Although Farringdon has, to date, conducted mathematics assessments exclusively 

through tests and examinations, head teacher Will created a separate half-semester 

elective subject called “Exploring Mathematics” to enrich the mathematical offerings 

at his school for Stage 5 students. With no obligation to conform to particular syllabus 

outcomes, Exploring Mathematics offered opportunities for students to investigate 

mathematics of their own choosing, and some of the subsequent assessments took the 

form of project work.

Students in the Exploring Mathematics course proceeded to produce some extraordinary 

work (see Figure 4.5) which inevitably led to questions regarding how it should be graded; 

and, as Will explained, the length of time required to mark one of these assignments “was 

considerable. No two ways about that.” (FHS, personal communication)
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5.3.6.2. Considerations of Effort

Issues regarding the amount of time required to grade mathematical project work 

necessarily pose the question of whether it is lengthy simply because the teachers have 

not yet internalised this particular skill. With a historical preference for grading work that 

has known correct answers, it may be argued that the teachers will become more efficient 

as they develop their own internal gauge regarding the quality of work that is expected 

(Figure 5.28).

The suddenness of the teachers’ shift from minimal exposure to mathematical project 

work, to an expectation that they will possess enough expertise to judge student offerings, 

implies that the learning curve associated with developing this expertise is likely to be 

fairly steep. It may therefore be inferred that issues regarding time considerations may be 

attributed to teachers’ lack of experience, and that the time investment will decrease as 

Figure 5.28. Teacher-as-Learner positioning of assessment of mathematical project work.
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Zone theory representations for the Teacher-as-Learner with respect to the act of 

assessing mathematical project work:
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the teachers become proficient. If this were the case, then the onerousness is likely to be 

temporary.

However, there is reason to suggest that this issue possesses layers of complexity that are 

not so easily resolved. In particular, the nature of the problem is unique simply because 

the subject area is mathematics. The grading of original project work in mathematics is 

unlike the grading of original project work in any other discipline because there is an 

implicit obligation to ensure that the mathematics not only appear competent, but is in 

fact correctly executed. As noted by Philip at Bermondsey College, the mathematics in 

the IB Mathematical Exploration papers must be drawn from the senior syllabuses - and 

thus the marker is obliged to check the correctness of what can potentially be highly 

esoteric mathematical thinking.

At this point, it is important to note that the grading of mathematics examinations 

circumvents this issue by allowing the assessor to define the mathematical construct that is 

to be solved. Therefore, despite maintaining a similar level of mathematical difficulty, the 

examination is easier to grade because the number of possible correct responses is finite. 

This differs fundamentally from the grading of original project work which encourages 

students to choose the mathematics for presentation. In discussions with a colleague in 

the School of Mathematical and Physical Sciences, analogies were drawn between this 

kind of grading, and the review of mathematical output in academia:

One thing that occurs to me is that the picture of a teacher assessing non-routine, 

creative assignment work by students has a lot in common with a thesis examiner 

in mathematics, or a journal reviewer reading and trying to assess a new article 

written for a mathematical journal. These are mathematical activities, but certainly 

are different from standard marking of standard school or uni exams where the 
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problems are, as you say, set before hand by the teacher and have known solutions. 

(UTS, personal communication)

Indeed, an increase in the effort associated with assessment will inevitably occur, even 

if the tasks bear little resemblance to the IB Mathematical Exploration. The effort 

required to grade such mathematics is significantly increased even in situations where the 

assessor can set some parameters regarding what the project must investigate. Under such 

circumstances, the lack of a known correct numerical solution still obliges the assessor to 

verify each step of each student’s working - a process that, for a mathematics examination, 

is essentially unnecessary for grading students who achieve a correct response, this being 

assumed to be a revealing symptom of proficiency.

5.3.7. Concerns regarding Fairness in Marking

For both Bermondsey College and Farringdon High School, the problem of assessing 

project work was further compounded by the teachers’ innate sense of fair-mindedness, 

with what appeared to be a particular aversion to the inherent arbitrariness of subjective 

assessment. It was thus interesting to note the different perspectives that were brought to 

bear upon this issue.

At Farringdon High School, while Will did discuss the complexities surrounding the 

assessment of the project work, and the difficulty of doing so in a timely manner, it 

appeared that much of this struggle was internally imposed. That is, the requirement to 

grade fairly, which resulted in a comparatively lengthy assessment process, was due to 

the teacher holding himself to a particular standard of work. Since, as he explained, the 

course was his own invention:



�����������������������������������������������������������������������������������������������������������

���������� ���

I was the god of this course. So I did not have to do the rubric with any degree of 

specificity. (FHS, personal communication)

the inference was that ultimately the assessment was based on his own subjective 

judgement, and the difficulties arose because he felt the need to justify the resulting 

grades. In subsequent years, Will delegated the teaching of the Exploring Mathematics 
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grading practices became even more acute when there were multiple markers.

The problem of reconciling grades offered by multiple markers was further explicated by 

Philip at Bermondsey College:

The way that the whole system works is, the teacher has to mark all of [the 

Mathematical Exploration papers] to this criteria, and submit the marks. And then 

they’re all electronically uploaded as well, to the central IBO … [and] X percentage 

of them are moderated. So they’re marked again, basically. So someone’s going 

to receive your paper who could be sitting in who knows where. (BC2 0:09:00)

Philip subsequently discovered that his interpretation of the marking rubric did not fully 

align with the interpretation of another marker:

Last year, I only had three students. And after I marked them, they all got moderated. 

They all got moderated down. And I don’t know why. I still don’t know why. I 

could justify, on the marking scheme, why I gave them that mark. Someone else 

has obviously got a different view. I don’t know where the differences were. And 

we tried to find out, and we couldn’t. (BC2 0:10:05)

Philip’s confusion was particularly revealing for its insight into the difficulty of interpreting 

nuances in the language of the rubric:
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What’s the difference between coherent and well-organised, and coherent, well-

organised, concise and complete? It’s a judgement call. (BC2 0:05:20)

and his frustration was compounded by the lack of transparency:

So you go, well, that’s a bit of a silly system then. Because next year, if they do it 

again, I’d mark them exactly the same again … It’s still your discretion, you know. 

If you think that something’s concise and complete, and someone else doesn’t, 

who’s to say? It’s my view against theirs. (BC2 0:10:20)

Ultimately, Philip became reconciled with the grading issues by accepting that, when the 

marks were adjusted, it made very little difference to the student’s final result.

It’s not like the Higher School Certificate where every single mark really really 

matters, because once the student gets above, in this course, 80%, they get the 

maximum mark. Right. They get 7. And that’s it. It doesn’t matter. So if they get 

99%, versus 80%, they get exactly the same result. So it’s like, well, are you really 

going to get really hung up over one or two marks? (BC2 0:11:15)

5.3.8. The Devaluation of Mathematical Accuracy

��������������������������������������������������������������������������������������

not, to date, been openly called into question: that is, an assumption of the supremacy 

of mathematical correctness. It is paradoxically revealing that, in their lack of deliberate 

specifications regarding the importance of accuracy, the NSW mathematics syllabus 

documents make it clear that accuracy is assumed to be of paramount importance. It is, 

essentially, so important that it need not be mentioned - as demonstrated by references to 

“estimation”  in situations where accuracy is not expected.
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It is therefore unsurprising that, in schools where students are, on the whole, academically 
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accuracy and correctness. This was particularly evident in discussions with Daniel at 

the academically selective school Elm Park, whose perspective regarding accuracy was 

singularly notable:

I have to say, real life - accuracy is absolutely top notch. Estimation - Nah. (Laughs) 

Let’s make it accurate. (EPHS 1:29:07)

While the other case study schools were more circumspect regarding the importance of 

accuracy, they all qualified their views by noting that an incorrect response still receives 

credit for correctness of working:

The reason I’ve not [said it was most important], is because of this carry forward 

mistake concept. (Holly, FHS1 1:30:20)

Thus, with the HSC being the ultimate mathematics assessment for their students, the 

ability to demonstrate competence under examination conditions unquestionably plays a 

significant role in determining their students’ future prospects; and while correct working 

is sufficient to gain a good pass grade, a focus on accuracy is essential for receiving the 

full complement of marks.

However, with indications that the grading of project work for mathematical correctness is 

non-trivial, it would be well to consider implementations of project-based assessment that 

are not as exacting as the IB Mathematical Exploration. As an example, a project-based 

assessment task was included for every year level at Osterley High School - for which the 

grading appeared to depend far more on students’ literacy and presentation skills than on 

the accuracy of their calculations. With assessment tasks including the construction of a 

collage (Year 7), the determination of the height of a tree of the student’s own choosing 
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(Year 9), and the completion of a workbook on driving (Year 11 General Preliminary 

Course Focus Study), the assignments appeared to consider mathematical accuracy to 

be peripheral to other indications of student understanding. For these assignments, the 
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responses that were likely to be reasonable, rather than expecting responses that were 

incontrovertibly accurate. As an example, the Year 11 assessment task included questions 

such as the following:

For the car you have just decided to buy, how much will it cost for you to register 

it, including stamp duty and transfer costs? (Appendix A-12)

Thus the choice to decrease the emphasis on mathematical accuracy in favour of 

demonstrations of mathematical sense-making can offer a practical solution that 

simultaneously justifies the aim of the assessment, while effectively circumventing the 

need to verify the accuracy of each student’s calculations.

While this particular assessment model appeared to suit the needs of Osterley High 

School, the solution offered may perhaps be less appealing for schools with students who 

are more performance-driven. To be clear, the assessment model is dubious because it 

is a trivial matter for a savvy but unscrupulous student to submit work that is merely a 

subtle modification of the work being submitted by a peer. The ease with which cheating 

can occur significantly undermines the integrity of the assessment mechanism - an issue 

that is particularly problematic for distinguishing amongst a cohort of students who are 

all expected to excel, and whose assignments would all be expected to include a large 

complement of correct responses.

However, despite questions regarding the suitability of the Osterley assessment 

mechanism, there is an aspect of their assessment model that could potentially permeate 
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methods of evaluating project work produced by higher-achieving students. In particular, 

it is interesting to note Osterley’s choice to grade for literacy and presentation, with only a 

secondary focus on mathematical manipulations and minimal emphasis on mathematical 

initiative. With such a shift in focus, the assessment is inevitably skewed towards 

a subjective judgement, and the process of assessing such a project would become 

comparable to the process of assessing essays and reports in other learning areas.

In considering the applicability of this assessment model for academically ambitious 

��������������������������������������������������������������������������������������������

of mathematical correctness for high achievers. Without explicitly stating that accuracy 

is being depreciated, the IB Mathematical Exploration offers just 30% of the available 

project marks for the actual mathematics, giving the impression that the mathematics 

itself is of minor importance, and that the assessment is seeking the demonstration of 

more wide-ranging skills. The importance of mathematical correctness is then further 

diluted by the potential for the assessment mark to be moderated, which in Philip’s case 

reduced his students’ scores whilst having little effect on their final outcome; and this is 

followed by a further blurring of the result through a very coarse-grained approach to 

judgements of competence. The message here is subtle but comparatively clear: it may 

be a waste of time and effort to split hairs regarding something as insignificant as a minor 

mathematical inaccuracy.

5.3.9. Zones of Promoted Action

In considering the introduction and execution of project-based assessment for secondary 

school mathematics, it is evident that there are multiple stakeholders, among whom 

there are likely to be differences regarding what constitutes a reasonable project-based 

assessment task. Of all of the interested parties, the only one for whom the ZPA is well 
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defined is NESA, which provides a list of suggestions for what an assessment task might 

look like (NESA, 2017a and 2017b). In so doing, NESA offers some clarity regarding the 

kind of activity that it deems suitable. However, since the specification is worded in such 

a way that it does not meaningfully intrude upon the teacher’s or the school’s ZFM, the 

provision of this list carries little real weight. They are merely ideas, which the school is 

not obliged to adopt.

In comparison, ZPAs set by the school community are both nebulous and changeable. 

With confounding issues including the importance of mathematical accuracy and 
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fairness in grading, it can be seen that the overlap between different ZPAs, informed 

by stakeholders with different priorities, will inevitably decrease. Common ground then 

becomes even more difficult to establish when the assessment task is removed from 

controlled conditions, as would have been offered by an examination.

The ZPA complex must then also be considered in light of the school’s ZFM. Despite the 

lack of such a specification, it is evident that an inhibitory ZFM must exist to illustrate 

the finite nature of teacher time. Thus it can be seen that an IZ, as theorised by Blanton 

et al. (2005) and adapted by Goos (2008) for the Teacher-as-Learner, is present in this 

scenario; and this IZ would include those Promoted Actions that are actually impossible 

due to time constraints.

Descriptions of this scenario must also draw upon Valsiner’s caveat regarding “fuzzy or 

semipermeable boundaries” for phenomena that cannot be precisely described. While 

teacher time is obviously finite, it is impossible to quantify teacher effort. Considerations 
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defined and more obscure representations.
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Figure 5.29. Positioning mathematics assessment methods within Zones of Promoted Action.

b) ZFM representing the finite nature 

of teacher time and effort, from dark 

�������������������������������������

IZ: Not viable 
���������������

���������

a) Assessment by Examination, 

representing a confluence of Zones of 

Promoted Action

Mathematical 
����������������������������

������������������

Integrity
Objectively Objectively 
Defensible Defensible 
����������������������������

Mathematical 
Accuracy

Mathematical Mathematical Mathematical Mathematical 
����������������������������������������������������������������������

������������������

Integrity
Objectively Objectively 
Defensible Defensible 
����������������������������

Mathematical Mathematical Mathematical Mathematical 
AccuracyAccuracyAccuracyAccuracy

Project-Based 
����������

c) IB Mathematical Exploration task at 

Bermondsey College, and (to a lesser 

extent) Farringdon High School’s Stage 

5 Exploring Mathematics assessment

d) Project-based assessment tasks at 

Moorgate Secondary College and 

Osterley High School

Mathematical Mathematical Mathematical 
��������������������������������������������������������

������������������

Integrity
Objectively Objectively 
Defensible Defensible 
���������������������

Mathematical Mathematical Mathematical 
AccuracyAccuracyAccuracy

Project-Based 
����������



�����������������������������������������������������������������������������������������������������������

���������� ���

Figure 5.29 offers an attempt to illustrate these zone configurations. In order to describe the 

ZFM for project-based assessment, we shall represent teachers’ inability to spend infinite 

amounts of time grading by using darker shades of blue to indicate zones for which less time 

is required, gradually lightening to white to represent an infinite time commitment.

With experience from the case studies showing no single implementation that concurrently 
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different measures of relative importance to each of the Promoted Actions, and manifested 

different levels of regard for the amount of time and effort expected of the teacher. In so 

doing, each situation had conceded the necessity of devaluing some characteristic of the 

(as yet non-existent) ideal project-based assessment task methodology. Such compromises 

suggest two things.

First, and perhaps most obviously, the presence of project-based assessment prior to its 

mandatory introduction indicates an appreciation that it is, in some way, an improvement 

over conducting assessments exclusively through examinations. It implies a recognition 

that examination-based assessments communicate a comparatively narrow sense of what 

a mathematical education is intended to achieve, and also conversely that they provide an 

incomplete picture of the mathematics that each student is capable of performing.

The second point is that, in creating project-based assessments that are apparently 
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must seek to satisfy the full complement of valued characteristics. An acceptance of the 

impracticality of inventing one assessment that suits all purposes effectively grants teachers 

the indulgence of creating assessment tasks that selectively promote characteristics 

considered by the school community to be of greater benefit to their students.
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Thus it is apparent that, by mandating a system-wide change in high stakes mathematics 

assessment, NESA has forced all schools to make a choice. Given an assessment 

mechanism that cannot value everything, then what will the school choose to value? With 

an awareness that the students’ performances will only be compared with those of their 

peers, what mathematical competencies would the school particularly seek to endorse? 
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determine students’ ability to benefit from engaging with “authentic” mathematical tasks 

����������������������������������������

����������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������

�������������������������������������������������������������������

�� ������������� ���������� ����� ����� ��� ���������� ���� ���������� ������������� ���������

and assessment, specifying a series of steps which, according to the findings from this 

study, must occur for the students to benefit from the affordances of “authentic” mobile 

learning. Consideration will also be given to issues surrounding the assessment of “pure” 
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6.1. Authentic and Instrumental Uses of Mobile 
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difference between “relational” and “instrumental” understanding remains. As with 

Skemp, it is difficult to tell from a student’s output - whether on paper or otherwise - 
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conceptually sound. In the case of mobile learning, it appears to be just as difficult to 
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Indeed, it may reasonably be argued that Skemp’s perspectives regarding difficulty of 
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that such an aim quickly becomes impractical for large-scale deployment. With a finite 
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in secondary mathematics education, Skemp’s “relational understanding” is assumed to 

correlate well enough with the demonstration of “instrumental understanding”, and thus 

conducting a deliberate assessment of the student’s “relational understanding” seems to 
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6.1.1. The Changing ZFM for Mathematics Assessment
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under examination conditions. Although this directive does not specifically promote the 
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weight and significance to the idea that students should be given the opportunity to 
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6.1.2. The Changing ZPA for Mathematics Assessment
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be rather more explicit when defining what the assessment task is ����� ���� ����� ������

NESA has, in effect, offered a well-defined ZFM - one that excludes tasks that bear the 

�����������������������������������������������������������������������������������������

������������������������������������������������������������������������ �����

� ��� �������������� �������� ��� �����������

���������������������������������������

� ������������������������������������������������

� ����������� ��������� ������ ������������ ��� ���

�������������������������������������

� �� ������� �������������� ��� ��������� �����

�����������������������������������������

�������������������

�������������������

����������������

���

���

������ ���� ZFM/ZPA configuration for the new NESA-mandated assessment task.
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Indeed, the lack of specificity regarding characteristics that must be present in this 
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that is considered to be universally sufficient to fill this void. The system’s reliance on 
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loosely-defined assessment task as a mandatory component of a high-stakes assessment 
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use their own experience and ingenuity to “control curriculum [and] student assessment”, 
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6.2. Creativity and Conformance

With seven separate case studies, it is significant that the collective experience suggests a 

����������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������

��� ������������ ������� ������ ����� ���� �������� ����������� ��������������� ��� ����� ������

����������������������������������������������������������������������������������������

���������� ���� ��������� ������� ����������������� ��������������������� �����������������

to discourage exploration, offering well-defined and prescriptive tasks that would guide 
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It is therefore evident that teachers’ understanding of what constitutes “mobile learning” 
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very few of those options would be categorised as “seamless learning”. With a mathematics 

syllabus that defines what learning is valued, it is unclear how teachers can reasonably 

justify a transformative pedagogy that allows students to “explore, identify, and seize 
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being inhibited by externally defined learning goals and resources” (Milrad et al., 2013). 

Such a view of valued learning, with its apparent promotion of loosely defined goals, 
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the higher-achieving students who were expected to be able to profit from this way of 
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stems from findings from the highly academically selective Elm Park High School, which 
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6.2.1. Curricular Considerations
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that it is not wholly compatible with a curriculum structure that defines, in great detail, 

what is meant by “valued learning”. There is therefore something of a conundrum for 

teachers who are, essentially, obliged to teach the syllabus. In order to fulfil this duty, 

learning experiences must be orchestrated to guide student explorations towards specific 

������

�����������������������������������������������������������������������������������������

������������ ����������� ����� �������� ���� ������� ��� ������������� ��������� ��� ����� �������

������������������ ������������ ������� ������������������������������� ����������������

learning era are justifiable for their conformance to traditional academic expectations of 

school, while those that offer “authentic” learning, as guided by the student, are apt to 
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Milrad et al.’s “seamless learner” cannot be an average student. The limiting nature of 
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structure, the students who could be classified as “quick learners” may, at the school’s 
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The negotiation of this trade-off has seen schools experiment with a “stage not age” 
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College, 2017). Its appeal lies in its fluidity, and its potential to support authentic learning 
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6.2.2. Valued Learning
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pedagogies and changing assessments. The findings of the present study make it clear 

����� ������� ��������� ��� ���������� ������ ����� ��� �������� ������������ ����������������

direct instruction, as well as student-centred exploration. The findings also demonstrate 
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stakes. From this perspective, is almost as though the subject of “mathematics” is being 

split into two separate streams, with limited overlap between the “pure mathematics” that 
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is done for its own sake, and the “applied mathematics” that is valued for its usefulness 
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have, to date, proven to be successful for the “pure mathematics” assessments of the past. 

In particular, it was notable that an “ability to follow instructions” was considered to be 
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characteristics of “valued learning” are going to change. Indeed, in some situations, it 
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artefact may, indeed, value personal ingenuity and creativity over the student’s “ability to 



�����������������������������������������������������������������������������������������������������������

����������� ���

follow instructions”; and changing characteristics of assessment tasks will mark any such 
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6.2.3. The Re-Evaluation of Valued Skills
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regime is to make it clear that significant changes are being made to the set of valued skills.
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to this approach redefines assessment as a more subjective exercise, with judgements based 
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In considering Mislevy’s (2013) argument that assessments “do not simply measure 

existing qualities ... they cause those qualities to exist”, it can be seen that the project-

based assessment methodology defines a set of characteristics that are now, more than 
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“external accountability, competitive selection and diagnosis of strengths and weaknesses 

in learning”, we may add “redefinition of the learning that is valued”; and thus position 
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6.3. The Interplay Between Mobile Learning and 

Assessment
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have seen how, in the case study schools, assessment influences the kind of mobile 
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also seen how mobile learning influences assessment, with the creation of supplemental 
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On the surface, there does not appear to be significant overlap between these two ideas. The 
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be seen that what is meant by “assessment”, and indeed potentially “mobile learning”, 
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of reasoning, comprehension, computational fluency, and work ethic. The case study 
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It may therefore be inferred that teachers in the case study schools saw the benefits of 

“authentic” learning with mobile technology, as described by Kearney et al. (2012); 

but considered that these benefits would only outweigh any potential negatives when 
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- what Patrick at Chesham House called a “good attitude”. A further progression along 
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authentic tasks, and finally to demonstrate their learning under authentic conditions 
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to find workable. Indeed, analogies may potentially be drawn with the Count Me In Too 

assessment tool, which specifies a series of steps which must occur in the development 
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benefits of mobile learning, or indeed mobile device usage for working with authentic 
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mathematical understanding is in fact an efficient method for determining readiness.
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Assessment with Distributed Cognition - Refinement of ZPA
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6.4. Implications for Pure Mathematics
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of flux. Recognition that assessment must change in order to prioritise the acquisition 
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assessments that are, in combination, high-stakes, mandatory, and loosely defined.
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assessment of which demands absolute correctness. This “correctness” requirement is not 
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such errors may then be classified according to (possibly subjective) notions regarding 
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case for examination practice, a question in an examination naturally defines the extent 
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fundamentally from the grading of a response to a well-defined and well-understood 

examination question. If few limits are applied to the specification of a mathematical 
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some suggestion that, while technology is potentially of benefit to a student in developing 
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logic is in fact correct. David Hilbert’s “Decision Problem” and the associated Church-
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that it is difficult to estimate the amount of time and effort required of the teacher. Thus, 
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which mobile device usage can benefit students in their creation of project work in pure 
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6.5. Future Directions
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of mobile learning in mathematics were observed, with each being tailored specifically 
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However, it is evident that this study is not sufficient for determining causality, or indeed 
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It is evident that there are significant impracticalities inherent in determining whether 
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6.5.1. The Management of Mobile Learning Experiences 

and Opportunities

As a primary consideration, it would be well to find out if, and how, schools change their 
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assessment, are significant because the case study schools currently demonstrate that 
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that the observed influence of assessment results upon teachers’ choices to engage with 
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6.5.2. Mobile Learning, and What It Means to Engage

Since the present study has already noted significant variety in what teachers consider to 

be “mobile learning”, there is great potential for educational experiences in this space to 

���������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������

����������������������

�������������������������������������������������������������������������������������������

textbooks and past papers, through to in-class quiz applications, flipped learning, and 
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potential for mobile learning to support more flexible models of school; and if so, what 
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Moorgate Secondary College, as well as pedagogies based on the “Stage not Age” idea, 
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6.5.3. The Assessment of Mobile Technology-Enabled 

Distributed Cognition
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learning can offer, coupled with the breadth of the idea that is “mobile learning”, it would 

be difficult to imagine a study in the foreseeable future that will offer a definitive answer 
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and replication of the conditions of the study would be very difficult while the technology 
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competence, patterns may emerge that define schools and teachers for what they value 
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6.6. The Purpose of a Mathematical Education
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attainment, it can be seen that Skemp’s (1976) distinction between “relational” and 

“instrumental” mathematical understanding remains as relevant as ever. Indeed, since the 
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amenable to being solved by “rules without reasons”. To this end, the Webb Depth-Of-
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We shall therefore consider Archbald and Newmann’s (1988) idea of “value beyond 

evaluation”, demonstrating the difficulties inherent in assessing authentic mathematical 
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communication mechanism that will “cause those qualities to exist”. Together, these 
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that students learn. It may, indeed, be beneficial just to specify assessments that value 
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test for Skemp’s “relational understanding”, because upon further examination it can be 
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Papert (1998) asserted that “the one really competitive skill is the skill of being able to learn. 
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which they were not specifically prepared”. If we accept Papert’s recommendation, then it 

is clear that, as an education system, we can justify the specification of assessment tasks 
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explicit assessment task notifications against Papert’s call demonstrates the gulf between 
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problem, therefore, would be how to define assessments on a larger scale for such a 
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is yet of significantly more value - the “value beyond evaluation” that drives the choice to 
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really matter whether it is possible to definitively establish the student’s subsequent depth 

������������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������

�������������



�����������������������������������������������������������������������������������������������������������

����������� ���

��������������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������

������������ ���� �������������� ������ ���� ��� ������ ����� �� ������� �������� ��� ���������� ����

������������ ����������� ��� ������� �������� ��� ������������� ����� ��������� �����������

�����������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

����� ����� ����� ����������� ������������� ������ ��� ���� ������������� ������������ ������

���������������������������������������������������������������������������������������

difficulties, their introduction must be coupled with an acceptance that the outcomes 

being sought are larger, and of greater significance, than objectively defensible marks and 
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E11
UTS CRICOS Provider Code: 00099F DISCLAIMER: This email message and any accompanying attachments may 
contain confidential information. If you are not the intended recipient, do not read, use, disseminate, distribute or 
copy this message or attachments. If you have received this message in error, please notify the sender immediately 
and delete this message. Any views expressed in this message are those of the individual sender, except where the 
sender expressly, and with authority, states them to be the views of the University of Technology Sydney. Before 
opening any attachments, please check them for viruses and defects. Think. Green. Do. Please consider the 
environment before printing this email.

From:

To:

Subject:

Date:

Size:

,
,

HREC Approval Granted - ETH16-0476
Monday, August 15, 2016 11:50 AM
15 KB

HREC Approval Granted - ETH16-0476
Research Ethics <research.ethics@uts.edu.au>
Anne Prescott <Anne.Prescott@uts.edu.au>
Pauline Kohlhoff <Pauline.W.Kohlhoff@student.uts.edu.au>
Research Ethics <research.ethics@uts.edu.au>

Dear Applicant

Thank you for your response to the Committee's comments for your project titled, "Implications of mobile intensive 
pedagogies for secondary school mathematics assessment practices". Your response satisfactorily addresses the 
concerns and questions raised by the Committee who agreed that the application now meets the requirements of the 
NHMRC National Statement on Ethical Conduct in Human Research (2007). I am pleased to inform you that ethics 
approval is now granted.

Your approval number is UTS HREC REF NO. ETH16-0476.

Approval will be for a period of five (5) years from the date of this correspondence subject to the provision of annual 
reports.

Your approval number must be included in all participant material and advertisements. Any advertisements on the 
UTS Staff Connect without an approval number will be removed.

Please note that the ethical conduct of research is an on-going process. The National Statement on Ethical Conduct 
in Research Involving Humans requires us to obtain a report about the progress of the research, and in particular 
about any changes to the research which may have ethical implications.  This report form must be completed at least 
annually from the date of approval, and at the end of the project (if it takes more than a year). The Ethics Secretariat 
will contact you when it is time to complete your first report.

I also refer you to the AVCC guidelines relating to the storage of data, which require that data be kept for a minimum 
of 5 years after publication of research. However, in NSW, longer retention requirements are required for research on 
human subjects with potential long-term effects, research with long-term environmental effects, or research 
considered of national or international significance, importance, or controversy. If the data from this research project 
falls into one of these categories, contact University Records for advice on long-term retention.

You should consider this your official letter of approval. If you require a hardcopy please contact 
Research.Ethics@uts.edu.au.

To access this application, please follow the URLs below:
* if accessing within the UTS network: https://rm.uts.edu.au
* if accessing outside of UTS network: https://vpn.uts.edu.au , and click on " RM6 – Production " after logging in.

We value your feedback on the online ethics process. If you would like to provide feedback please go to: 
http://surveys.uts.edu.au/surveys/onlineethics/index.cfm

If you have any queries about your ethics approval, or require any amendments to your research in the future, please 
do not hesitate to contact Research.Ethics@uts.edu.au.

Yours sincerely,

Professor Marion Haas
Chairperson
UTS Human Research Ethics Committee
C/- Research & Innovation Office
University of Technology, Sydney
E: Research.Ethics@uts.edu.au
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INVITATION LETTER  

 
 

IMPLICATIONS OF MOBILE INTENSIVE PEDAGOGIES FOR SECONDARY SCHOOL 
MATHEMATICS ASSESSMENT PRACTICES (UTS HREC APPROVAL NUMBER ETH16-0476) 
 
 
Dear ……….. 
 
My name is Pauline Kohlhoff and I am a student at the University of Technology, Sydney.   
 
I am conducting research into mathematics teaching and learning with mobile technologies 
(mobile phones, tablets, laptops), and would welcome your assistance. 
 
The research is seeking to investigate mathematics assessment practices, and the ways in which 
they influence, and are influenced by, mobile technology use in secondary school mathematics.  
It will involve three semi-structured interviews over several months, analysis of some assessment 
artefacts, and up to three class observations. It should take no more than 4 hours of your time 
outside of your normal teaching load.  I have asked you to participate because you have been 
recommended to me for your use of mobile technology in mathematics teaching. 
 
This research has been funded by a grant from the Australian Research Council, and is for my 
Ph.D studies in mathematics education. 
 
If you are interested in participating, I would be glad if you would contact me at 
Pauline.Kohlhoff@uts.edu.au, and/or my supervisor Associate Professor Anne Prescott at 
Anne.Prescott@uts.edu.au. 
 
You are under no obligation to participate in this research. 
 
Yours sincerely, 
 
 
 
 
 
Pauline Kohlhoff 
 

 
Pauline.Kohlhoff@uts.edu.au 
 
 
 
 
NOTE:   
This study has been approved by the University of Technology, Sydney Human Research Ethics Committee.  
If you have any complaints or reservations about any aspect of your participation in this research which you 
cannot resolve with the researcher, you may contact the Ethics Committee through the Research Ethics 
Officer (ph: +61 2 9514 2478 Research.Ethics@uts.edu.au), and quote the UTS HREC reference number.  
Any complaint you make will be treated in confidence and investigated fully and you will be informed of the 
outcome.   
 

A-2. Teacher Letter, Information Sheet, and 
Consent Form
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INFORMATION SHEET - Teachers 
 
 

IMPLICATIONS OF MOBILE INTENSIVE PEDAGOGIES FOR SECONDARY SCHOOL 
MATHEMATICS ASSESSMENT PRACTICES (UTS HREC APPROVAL NUMBER ETH16-0476) 

 
WHO IS DOING THE RESEARCH? 
My name is Pauline Kohlhoff and I am a student at UTS.  My supervisor is Associate Professor 
Anne Prescott. 
 
WHAT IS THIS RESEARCH ABOUT? 
This research is to find out about how teachers who use mobile technologies (mobile phones, 
tablets, laptops) for secondary school mathematics teaching and learning, construct assessments 
to determine student achievement. It seeks to find out what teachers value in student learning 
and to investigate ways in which mathematics assessment might change. 
 
IF I SAY YES, WHAT WILL IT INVOLVE? 
I will invite you to participate in three 1-hour semi-structured interviews over several months. The 
interviews will be audio-recorded and transcribed. I will also ask you to show me some 
de-identified assessment artefacts. In addition, I will ask you to let me watch you teach up to 3 
mathematics classes, during which I will take written notes only. 
 
ARE THERE ANY RISKS/INCONVENIENCE? 
There are very few if any risks. However, it is possible that some students will object to being 
observed. 
 
WHY HAVE I BEEN ASKED? 
You have been recommended to me for your innovative teaching practices. I would like to speak 
with you about your insights regarding the use of mobile technologies in mathematics classes, 
and how it might affect, and/or be affected by, mathematics assessment practices. I think these 
insights would be of great interest to other teachers. 
 
DO I HAVE TO SAY YES? 
You don’t have to say yes. 
 
WHAT WILL HAPPEN IF I SAY NO? 
Nothing.  I will thank you for your time so far and won’t contact you about this research again. 
 
IF I SAY YES, CAN I CHANGE MY MIND LATER? 
You can change your mind at any time and you don’t have to say why.  I will thank you for your 
time so far and won’t contact you about this research again. 
 
WHAT IF I HAVE CONCERNS OR A COMPLAINT? 
If you have concerns about the research that you think I or my supervisor can help you with, 
please feel free to contact us at Pauline.Kohlhoff@uts.edu.au ( ) or 
Anne.Prescott@uts.edu.au (02 9514 5406). 
 
If you would like to talk to someone who is not connected with the research, you may contact the 
Research Ethics Officer via Research.Ethics@uts.edu.au, and quote this number: ETH16-0476 
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INFORMED CONSENT FORM - Teacher 
Implications of mobile intensive pedagogies for secondary school mathematics 

assessment practices (UTS HREC approval number ETH16-0476) 
 
 
I ____________________ agree to participate in the research project “Implications of mobile 
intensive pedagogies for secondary school mathematics assessment practices” being conducted 
by Pauline Kohlhoff (Pauline.Kohlhoff@uts.edu.au; ) of the University of 
Technology, Sydney for her degree of Doctor of Philosophy. Funding for this research has been 
provided by UTS and a grant from the Australian Research Council. 
 
I understand that the purpose of this study is to investigate the use of mobile technologies (mobile 
phones, tablets, laptops) in school mathematics, and how the use of mobile technology 
influences, and is influenced by, mathematics assessment practices. 
 
I understand that I have been asked to participate in this research because I use mobile 
technologies in my mathematics teaching. My participation in this research will involve my being 
interviewed three times over a period of several months, with each interview taking approximately 
one hour and recorded using an audio recording device. I will also be asked to provide copies of 
de-identified assessment artefacts. In addition, I will be asked for the opportunity to observe my 
teaching when using mobile technologies, and that written notes will be taken in such cases. I 
understand that the researcher will abide by my judgement and recommendations regarding any 
protocols for the observation. 
 
I am aware that I can contact Pauline or her supervisor Associate Professor Anne Prescott if I 
have any concerns about the research.  I also understand that I am free to withdraw my 
participation from this research project at any time I wish, without consequences, and without 
giving a reason.  
 
I agree that the research data gathered from this project may be published in a form that does not 
identify me in any way. 
 
I agree that Pauline has answered all of my questions fully and clearly. 
 
 
________________________________________  ____/____/____ 
Signature (participant) 
 
 
________________________________________  ____/____/____ 
Signature (researcher or delegate) 
 
 
NOTE:   
This study has been approved by the University of Technology, Sydney Human Research Ethics Committee.  
If you have any complaints or reservations about any aspect of your participation in this research which you 
cannot resolve with the researcher, you may contact the Ethics Committee through the Research Ethics 
Officer (ph: +61 2 9514 2478  Research.Ethics@uts.edu.au) and quote the UTS HREC reference number.  
Any complaint you make will be treated in confidence and investigated fully and you will be informed of the 
outcome.   
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A-3. Principal Letter and Information Sheet

 
 

IMPLICATIONS OF MOBILE INTENSIVE PEDAGOGIES FOR SECONDARY SCHOOL 
MATHEMATICS ASSESSMENT PRACTICES (UTS HREC APPROVAL NUMBER ETH16-0476) 
 
 
Dear …….., 
 
My name is Pauline Kohlhoff and I am a student at the University of Technology, Sydney.   
 
I am conducting research into mathematics teaching and learning with mobile technologies 
(mobile phones, tablets, laptops), and would welcome your assistance. 
 
The research is seeking to investigate mathematics assessment practices, and the ways in which 
they influence, and are influenced by, mobile technology use in secondary school mathematics. I 
would like to request your permission to conduct part of this research at your school. In particular, 
…….. has been recommended to me for their use of mobile technology in mathematics teaching. 
I spoke with …….. last year and they have indicated that they would be willing to let me observe 
some of their classes. 
 
The research will involve up to one further semi-structured interview, analysis of some 
assessment artefacts, and up to three class observations. It should take no more than one more 
hour of ……..’s time outside of their normal teaching load. 
 
This research has been funded by a grant from the Australian Research Council, and is for my 
Ph.D studies in mathematics education. 
 
If you are happy for me to proceed, I would be glad if you would contact me at 
Pauline.Kohlhoff@uts.edu.au, and/or my supervisor Professor Sandra Schuck at 
Sandy.Schuck@uts.edu.au. 
 
You are under no obligation to participate in this research. 
 
Yours sincerely, 
 
 
 
 
 
Pauline Kohlhoff 
 

 
Pauline.Kohlhoff@uts.edu.au 
 
 
NOTE:   
This study has been approved by the University of Technology, Sydney Human Research Ethics Committee.  
If you have any complaints or reservations about any aspect of your participation in this research which you 
cannot resolve with the researcher, you may contact the Ethics Committee through the Research Ethics 
Officer (ph: +61 2 9514 2478 Research.Ethics@uts.edu.au), and quote the UTS HREC reference number.  
Any complaint you make will be treated in confidence and investigated fully and you will be informed of the 
outcome.   
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INFORMATION SHEET - Principal, …….. 
 
 

IMPLICATIONS OF MOBILE INTENSIVE PEDAGOGIES FOR SECONDARY SCHOOL 
MATHEMATICS ASSESSMENT PRACTICES (UTS HREC APPROVAL NUMBER ETH16-0476) 

 
WHO IS DOING THE RESEARCH? 
My name is Pauline Kohlhoff and I am a student at UTS.  My supervisor is Professor Sandra 
Schuck. 
 
WHAT IS THIS RESEARCH ABOUT? 
This research is to find out about how teachers who use mobile technologies (mobile phones, 
tablets, laptops) for secondary school mathematics teaching and learning, construct assessments 
to determine student achievement. It seeks to find out what teachers value in student learning 
and to investigate ways in which mathematics assessment might change. 
 
IF I SAY YES, WHAT WILL IT INVOLVE? 
I will request the opportunity to observe up to 3 mathematics classes being taught by …….., 
during which I will take written notes only. I will also invite …….. to participate in one more semi-
structured interview, which will be audio-recorded and transcribed. In addition, I will ask …….. to 
show me some de-identified assessment artefacts. 
 
ARE THERE ANY RISKS/INCONVENIENCE? 
There are very few if any risks. However, it is possible that some students will object to being 
observed. 
 
WHY HAVE I BEEN ASKED? 
…….. has been recommended to me for their innovative teaching practices. I would like to 
observe their use of mobile technologies in mathematics classes, to inform my understanding of 
their insights into how mobile technology use might affect, and/or be affected by, mathematics 
assessment practices. I think these insights would be of great interest to other teachers. 
 
DO I HAVE TO SAY YES? 
You don’t have to say yes. 
 
WHAT WILL HAPPEN IF I SAY NO? 
Nothing.  I will thank you for your time so far and won’t contact you about this research again. 
 
IF I SAY YES, CAN I CHANGE MY MIND LATER? 
You can change your mind at any time and you don’t have to say why.  I will thank you for your 
time so far and won’t contact you about this research again. 
 
WHAT IF I HAVE CONCERNS OR A COMPLAINT? 
If you have concerns about the research that you think I or my supervisor can help you with, 
please feel free to contact us at Pauline.Kohlhoff@uts.edu.au ( ) or 
Sandy.Schuck@uts.edu.au (02 9514 3999). 
 
If you would like to talk to someone who is not connected with the research, you may contact the 
Research Ethics Officer via Research.Ethics@uts.edu.au, and quote this number: ETH16-0476 
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Mrs Pauline Kohlhoff DOC17/522058 
SERAP 2017155 

Dear Mrs Kohlhoff 

I refer to your application to conduct a research project in NSW government schools 
entitled Implications of mobile intensive pedagogies for secondary school mathematics 
assessment practices. I am pleased to inform you that your application has been 
approved.  

You may contact principals of the nominated schools to seek their participation. You 
should include a copy of this letter with the documents you send to principals. 

This approval will remain valid until 30-May-2018. 

The following researchers or research assistants have fulfilled the Working with Children 
screening requirements to interact with or observe children for the purposes of this 
research for the period indicated: 

Researcher name WWCC WWCC expires 

Pauline Kohlhoff WWC0045045E 13-Nov-2019

I draw your attention to the following requirements for all researchers in NSW 
government schools: 

• The privacy of participants is to be protected as per the NSW Privacy and
Personal Information Protection Act 1998.

• School principals have the right to withdraw the school from the study at any time.
The approval of the principal for the specific method of gathering information must
also be sought.

• The privacy of the school and the students is to be protected.
• The participation of teachers and students must be voluntary and must be at the

school’s convenience.
• Any proposal to publish the outcomes of the study should be discussed with the

research approvals officer before publication proceeds.
• All conditions attached to the approval must be complied with.

When your study is completed please email your report to: serap@det.nsw.edu.au 
You may also be asked to present on the findings of your research.  

I wish you every success with your research. 

Yours sincerely 

Dr Robert Stevens 
Manager, Research 
30 May 2017 

School Policy and Information Management 
NSW Department of Education 
Level 1, 1 Oxford Street, Darlinghurst NSW 2010 – Locked Bag 53, Darlinghurst NSW 1300 
Telephone: 02 9244 5060 – Email: serap@det.nsw.edu.au 

A-4. SERAP Approval

Production Note:
Signature removed
prior to publication.
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�� Is the lesson pitched at an appropriate level of difficulty for the students?
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�� Are there difficulties with device usage?
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A-5. Observation Schedule
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A-6. Post-Observation Debrief
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A- 7.   E x pl ori n g M at h e m a ti c s Pr o gr a m

 
C T H S E x pl ori n g M at h e m ati c s  ( St a g e 5 El e cti v e C o ur s e) Pr o gr a m P a g e 3 

 | 1:  I ntr o d u cti o n 

 

1. 1  S y n o p si s 

E x pl ori n g M at h e m ati cs  ( h er e aft er X M) i s a n el e cti v e s e m est er c o urs e off er e d t o St a g e 5 ( Y e ar 9- 1 0) 

st u d e nt s at C h err y br o o k T e c h n ol o g y Hi g h S c h o ol. T hi s d o c u m e nt pr o vi d es a n o v er vi e w of t h e X M  

c o urs e, it s t o pi cs, a n d t h e f or m al ass ess m e nt s it i n cl u d es. 

 

 

1. 2  C o ur s e r ati o n al e 

T o u n d erst a n d w h at t h e n at ur e of t hi s c o urs e, it h el ps t o u n d erst a n d w h at it i s n ot: 

◊  T hi s c o urs e i s n ot a b o ut a c c el er ati o n (l e ar ni n g c o n t e nt fr o m y e ars 1 1- 1 2 i n a d v a n c e s o t h at 

y o u will b e m or e f a mili ar wit h it w h e n y o u e n c o u nt e r it i n t h e f ut ur e). I n f a ct, t o pi cs i n t h e 

St a g e 6 m at h e m ati cs s u bj e ct s h a v e b e e n i nt e nti o n all y a v oi d e d s o t h at t h e y c a n b e gi v e n t h eir 

pr o p er i ntr o d u cti o n i n t h e Pr eli mi n ar y a n d H S C c o ur s es. 

◊  T hi s c o urs e c o ns ci o usl y a v oi ds t h e c o nt e nt a n d st yl e of t h e e nri c h m e nt c o urs es d esi g n e d b y 

t h e A ustr ali a n M at h e m ati cs Tr ust (E ul er, G a uss, N o et h er a n d P ol y a ). T h e c o nt e nt h as b e e n 

a v oi d e d si n c e t h e m aj orit y of st u d e nt s e nr olli n g i n t o X M will h a v e alr e a d y c o m pl et e d t h es e 

c o urs es. T h e st yl e h as b e e n a v oi d e d as X M i nt e n d s t o s h o w t h at m at h e m ati cs i n g e n er al h as 

m u c h br o a d er g o al s t h a n b ei n g a bl e t o a ns w er q u e sti o ns p os e d i n a l ar g el y artifi ci al c o nt e xt. 

◊  T hi s  c o urs e  i s  n ot  li k e  r e g ul ar  m at h e m ati cs  cl ass es  i n  it s cl assr o o m  a cti viti es   or  its 

ass ess m e nt s . I n f a ct, t h er e i s a v er y c o ns ci o us e m p h asi s o n bra n c h es of m at h e m ati cs t h at ar e 

n ot u n d erst o o d t hr o u g h r e p etiti v e e x er ci s es, n or a s s ess e d i n tr a diti o n al e x a mi n ati o n f or m ats.  

  

B y c o ntr ast, t h e g o al s of t hi s c o urs e ar e:  

◊  T o  i ntr o d u c e  st u d e nt s  t o  diff er e nt  ar e as  of  m at h e m a ti cs  t h at  t h e y  w o ul d  n ot  ot h er wis e 

e n c o u nt er or e x p eri e n c e 

◊  T o c ulti v at e st u d e nt s  a bilit y t o t hi n k i n m at h e m ati c all y a bstr a ct t er m s 

◊  T o assi st st u d e nt s i n s e ei n g a n d a p pr e ci ati n g t h e u bi q uit y of m at h e m ati cs  

 

I n ot h er w or ds, t h e p ur p os e of t hi s c o urs e i s t o e x pl or e m at h e m ati cs  i n a c o g niti v el y i nt e nsi v e a n d 

e n g a gi n g e n vir o n m e nt. 
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 | 2:  C o ur s e C o nt e nt  

 

Ori e nt ati o n 

Si n c e st u d e nts h a v e b e e n s o a c c ust o m e d t o st u d yi n g m at h e m ati cs i n o n e p arti c ul ar f or m at a n d st yl e 

( as  pr es cri b e d  b y  t h e  B O S  m at h e m ati cs  c o urs es),  it is  w ort h w hil e  d e v oti n g  ti m e  t o  r e ori e nti n g 

st u d e nts t o t h e f u n d a m e nt all y diff er e nt a p pr o a c h of t h e c o urs e. Ori e nt ati o n s h o ul d b e i n cl u d e d at t h e 

v er y  b e gi n ni n g  of  t h e  c o urs e  t o  h el p  st u d e nts  u n d erst a n d  t h e  u ni q u e  g o al s  of  t hi s  c o urs e  a n d  t h e 

s p e cifi c w a ys t h at t h os e g o als will b e a c hi e v e d. 

 

 

2. 1  B e a ut y & M at h e m ati c s 

T h e  titl e  of  t his  t o pi c  is  i nt e nti o n all y  a m bi g u o us,   i nt e n di n g  t o  c o m m u ni c at e  b ot h  t h at  “ b e a ut y  i s 

i n h er e ntl y m at h e m ati c al ” a n d “ m at h e m ati cs is u n d e nia bl y b e a utif ul ”.  

 

S u bt o pi cs 

√  T h e G ol d e n R ati o 

› T h e G ol d e n R ati o 

› T h e G ol d e n R e ct a n gl e 

› Fi b o n a c ci n u m b ers, r e c ur si v e s e q u e n c es, L u c as n u m b ers a n d P hi  

√  M usi c: R ati os a n d t h e W est er n S c al e  

√  F o ur- C ol o ur T h e or e m 

√  S y m m etr y ( Li n e, P oi nt, H eli c al, S c al e) 

› C e ntr al i n v ersi o n ( p oi nt r efl e cti o n = r ot ati o n) 

› C o m bi ni n g s y m m etri es ( 2 D s pir al “r os e ”, pi n w h e el ti li n g) 

 

 

2. 2  Fr a ct al s: T h e M at h e m ati c s of S elf- Si mil arit y 

S c al e s y m m etr y a n d t h e g ol d e n s pir al b ot h p a v e t h e w a y t o u n d erst a n d fr a ct al s. M a n y of t h e m ost 

b e a utif ul fr a ct als r e q uir e c o m p ut er g e n er ati o n t o a p pr e ci at e t h e m f ull y, b ut t h er e ar e s e v er al t h at ar e 

f e asi bl e a n d e nj o y a bl e t o c o nstr u ct b y h a n d. T his t o pi c will i n v esti g at e s o m e of t h es e p att er ns. 

 

S u bt o pi cs 

√  Fr a ct als i n n at ur e 

› Ri v ers a n d f er ns 

› T h e c o astli n e p ar a d o x 

√  Si m pl e fr a ct al c o nstr u cti o n ( d et ail e d i nstr u cti o ns k e pt s e p ar at el y fr o m t hi s pr o gr a m) 

› Si er pi ns ki’s tri a n gl e 

› K o c h s n o wfl a k e 

› P yt h a g or as tr e e 

√  C o m pli c at e d fr a ct al c o nstr u cti o n 
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› B ar y c e ntri c s u b di vi si o n  

› Si er pi ns ki’s tri a n gl e t hr o u g h i s os c el es tr a p e zi a 

› Dr a g o n c ur v e 

√  M a n d el br ot s et ( d y n a mi c s e q u e n c es / it er at e d f u n cti o n s yst e m s) 

√  A p p ol o ni a n g as k et 

 

 

2. 3  S et T h e or y: T h e F a mili e s of M at h e m ati c s 

T h e  i nfi nit el y  r e p e ati n g  p att er ns  of  fr a ct al s  l e a d i nt o  a  di s c ussi o n  of  t hi n gs  t h at  d o  n ot  e n d,  b ut 

c o nti n u e  f or e v er.  T o  m at h e m ati c all y  a p pr o a c h  a n d  arti c ul at e  s u c h  a bstr a ct  i d e as,  w e  n e e d  t o  first 

d e v el o p  a  r o b ust  u n d erst a n di n g  of  t h e  diff er e nt  c at e g ori es  of  n u m b ers  t h at  e xi st,  as  w ell  as  a 

l a n g u a g e  f or  d es cri bi n g  t h e  r el ati o ns hi ps  b et w e e n  th e m.  T h es e  c at e g ori e s  ar e  c all e d  s et s,  a n d  t h e 

l a n g u a g e d es cri bi n g t h e m i s s et t h e or y. 

 

S u bt o pi cs 

√  S et t er mi n ol o g y a n d n ot ati o n 

√  V e n n a n d C arr oll di a gr a m s 

› T w o s et arr a n g e m e nt s 

› P ol y-s et arr a n g e m e nt s 

√  N at ur al  n u m b ers,  i nt e g ers,  r ati o n al  n u m b ers,  r e al  n u m b ers,  c o m pl e x  n u m b ers,  al g e br ai c 

n u m b ers, tr a ns c e n d e nt al n u m b ers … 

 

 

2. 4  Dr a wi n g B o u n d ari e s & P u s hi n g O n T h e m: D efi niti o n s a n d U n d efi n a bl e s 

E q ui p p e d  wit h  a  d e e p er  u n d erst a n di n g  of  t h e  v ari o us   ki n ds  of  n u m b ers  t h at  m at h e m ati ci a ns  h a v e 

d efi n e d, w e c a n n o w a d dr ess t h e t o pi c of i nfi nit y. 

 

S u bt o pi cs 

√  Is m at h e m ati cs i n v e nt e d or di s c o v er e d ? 

› P hil os o p hi es of m at h e m ati cs t hr o u g h o ut hi st or y 

√  W h at i s i nfi nit y ? 

› A c o n c e pt, n ot a n u m b er 

› C o u nt a bl e i nfi niti es v ers us u n c o u nt a bl e i nfi niti es 

√  C a nt or’s di a g o n ali s ati o n pr o of 

√  W h y ar e t hi n gs “ d efi n e d ” or “ u n d efi n e d ” ? ( e. g. di vi si o n b y z er o) 

√  C o u nti n g S yst e m s 

› U n ar y (t all y) 

› R o m a n n u m er al s 

› Ar a bi c n u m er al s a n d pl a c e v al u e 

› N o n- d e ci m al b as es ( e. g. Bi n ar y, H e x a d e ci m al) 
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 | 0:  C o nt e nt s  

 

1  I ntr o d u cti o n 

1. 1  S y n o psis 

1. 2  C o urs e r ati o n al e 

 

2  C o urs e C o nt e nt 

2. 1   B e a ut y & M at h e m ati cs 

2. 2   Fr a ct als: T h e M at h e m ati cs of S elf- Si mil arit y 

2. 3   S et T h e or y: T h e F a mili es of M at h e m ati cs 

2. 4   Dr a wi n g B o u n d ari es & P us hi n g O n T h e m: D efi niti o ns a n d U n d efi n a bl es 

2. 5   M atri c es: T h e W or k h ors es of M at h e m ati cs 

2. 6   Cr y pt o gr a p h y: T h e M at h e m ati cs of S e cr e c y 

2. 7   P ar a d o x es: W h e n M at h e m ati cs D o es n't M a k e S e n s e 

2. 8   Pl a y: T h e M at h e m ati cs B e hi n d G a m es 

 

3  Ass ess m e nts 

3. 1   A n ot e a b o ut X M ass ess m e nts 

3. 2   O v er vi e w of t as ks 

 

4  R es o ur c es 

4. 1   Writt e n r es o ur c es 

4. 2   O nli n e r es o ur c es 

4. 3   Ot h er r es o ur c es 

 

5  A p p e n di x 

5. 1   E xtr a m at eri al 

5. 2   R e m ar ks f or t e a c h ers 
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2. 8  P ar a d o x e s: W h e n M at h e m ati c s D o e s n't M a k e S e n s e 

I n lif e, t h er e ar e m a n y t hi n gs t h at s e e m c o u nt er-i nt uiti v e at first – b ut, o n c e t h o u g ht a b o ut c ar ef ully, 

d o a ct u all y m a k e s e ns e ( a n d oft e n r e v e al s o m et hi n g v er y i nt er esti n g i n t h e pr o c ess). M at h e m ati cs is 

t h e s a m e, a n d t his t o pi c will f o c us o n m yst eri o us a n d p er pl e xi n g s c e n ari os wit hi n it. 

 

S u bt o pi cs 

√  F all a ci es (f als e pr o ofs) 

› 2 = 1  (t hr o u g h di visi o n b y z er o) 

› − 1  = 1  (t hr o u g h P yt h a g or e a n tri g o n o m etri c i d e ntit y) 

› √ − 1 = 1  (t hr o u g h r o ots of u nit y) 

› All tri a n gl es ar e e q uil at er al (t hr o u g h c o nstr u cti o n ) 

√  M o nt y H all pr o bl e m 

√  Bri d g es of K o ni gs b er g 

√  U n e x p e ct e d g e o m etr y 

› T h e S h o e m a k er’s K nif e 

› T hr e e i nt ers e cti n g cir cl es 

› M orl e y’ s Tri s e cti o n T h e or e m 

› T hr e e s q u ar e / ri g ht- a n gl e pr o bl e m 

› Mi ssi n g s q u ar es 

√  C h a os T h e or y 

› Mi n ut el a bs i nt er a cti v e d e m os 

√  B e nf or d’s L a w 

√  L o o k & S a y N u m b ers 

√  C o n w a y’ s G a m e of Lif e 

√  C o astli n e P ar a d o x 

√  Z e n o’s P ar a d o x 

√  Pis a n o P eri o d 

√  P ot at o P ar a d o x 
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2. 9  Pl a y: T h e M at h e m ati c s B e hi n d G a m e s 

A fitti n g e n d t o t h e c o ur s e is t o f o c us o n a p asti m e t h at is u ni v ers all y e nj o y e d: g a m es. G a m es ar e 

a m a zi n g  i n  t h at  t h e y  a p p e al  t o  m a n y  p e o pl e  w h o  disl i k e  m at h e m ati cs  –  d es pit e  t h e  f a ct  t h at  it  is 

virt u all y i m p ossi bl e t o fi n d a g a m e wit h o ut m at h e m ati cs d e e pl y w o v e n i nt o its r ul es a n d str at e gi es. 

 

S u bt o pi cs 

√  S u d o k u 

√  K e n k e n 

√  C o n n e ct F o ur 

√  2 0 4 8   

√  C h ess   

√  R u bi k's C u b e   

√  M o n o p ol y 

√  C o m p ut er g a m es   

√  C ar d g a m es   

√  Pri m e Cli m b 

√  S et 

√  Mi n es w e e p er 

√  W at c h o ut f or V ol d e m ort 

√  2 o n 1 

√  Di c e Diff er e n c e 
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 | 3:  A s s e s s m e nt s  

 

3. 1  A n ot e a b o ut X M a s s e s s m e nt s 

M at h e m ati cs  ass ess m e nts  ar e  pr e d o mi n at e d  b y  li mit e d -ti m e  li mit e d-r es o ur c e  al g orit h m/s kill-

f o c us e d  t as ks  (i n  ot h er  w or ds,  f or m al  e x a mi n ati o ns).  T h e  o p e n  n at ur e  of  X M  e n a bl es  st u d e nts  t o 

p urs u e ar e as of m at h e m ati cs t h at d o n ot fit s o r e a d il y i nt o t h es e ki n ds of t as ks. T h er ef or e, t h e t as k s 

b el o w  ar e  i nt e n d e d  t o  pr o vi d e  a  c o ntr ast  t o  t h e  n or m al  t y p es  of  ass ess m e nt  f o u n d  i n  a  st a n d ar d 

m at h e m ati cs c o urs e. 

 

F or f urt h er d et ails o n t h e s e t as ks (i n cl u di n g s p e ci fi c t as k c o m p o n e nts a n d d et ail e d m ar ki n g r u bri cs), 

s e e t h e Ass ess m e nt O utli n e. 

 

3. 2  O v er vi e w of t a s k s 

C o d e N a m e D e s cri pti o n W ei g ht 

A T 1  El e ctr o ni c J o ur n al  St u d e nts  c o m p os e  m et a c o g niti v e  r efl e cti o ns  o n 

t o pi cs c o v er e d d uri n g l es s o ns. 

1 5 %  

A T 2  Art w or k T his t as k is d esi g n e d t o f oll o w t h e t o p i cs B e a ut y & 

M at h e m ati cs   a n d Fr a ct als .  St u d e nts  d esi g n  a n d 

cr e at e  a t w o- di m e nsi o n al pi e c e t h at ill ustr at es t h e ir 

u n d erst a n di n g of t h e r ol e t h at m at h e m ati cs pl a ys i n  

vis u al a est h eti cs. 

2 0 %  

A T 3  S et T h e or y Q ui z  S h ort-r es p o ns e  t o pi c  t est  d esi g n e d  t o  ass e ss 

st u d e nts   u n d erst a n di n g  of  t h e  c o n c e pts  f o u n d  i n 

S et T h e or y. 

2 0 %  

A T 4  Vi d e o C o m p ositi o n  I n gr o u ps, st u d e nts d esi g n, d ir e ct a n d cr e at e a s h ort 

vi d e o  t h at  e x pl ai ns  a  m at h e m ati c al  c o n c e pt  i n  a n 

i nt er esti n g a n d e n g a gi n g w a y. 

2 0 %  

A T 5  M atri c es Q ui z  S h ort-r es p o ns e  t o pi c  t est  t h at  as s ess es  st u d e nts  

a bilit y t o i nt er pr et a n d m a ni p ul at e M atri c es. 

2 0 %  

  Cl ass P arti ci p ati o n   5 %  

   1 0 0 %  
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2. 6  M atri c e s: T h e W or k h or s e s of M at h e m ati c s 

I n t h e pr e vi o us t o pi c, w e tr a c e d t h e d e v el o p m e nt of m at h e m ati cs as a t o ol f or c o m m u ni c ati o n a n d 

tr a ns a cti o n.  T his  i ntr o d u c es  t h e  i d e a  of  m at h e m ati cs  a n d  c al c ul ati o n  b ei n g  us e d  i n  t h e  c o nt e xt  of 

w or k. O n e of t h e m ost i m p ort a nt str u ct ur es f or m at h e m ati c al w or k is t h e m atri x. 

 

S u bt o pi cs 

√  D efi niti o n: a bstr a cti n g a s yst e m of e q u ati o ns 

√  El e m e nt ar y r o w o p er ati o ns a n d G a ussi a n eli mi n ati o n 

√  M atri x M ulti pli c ati o n 

√  I n v ers e of a m atri x 

√  D et er mi n a nt of a m atri x 

 

 

2. 7  Cr y pt o gr a p h y: T h e M at h e m ati c s of S e cr e c y 

O n e  of  t h e  c hi ef  us es  of  m at h e m ati cs  i n  m o d er n  s o ci et y  is  t o  k e e p  s e cr ets  –  n a m el y,  t hr o u g h  t h e 

e n cr y pti o n of d at a. W hil e t h es e pr o c ess es ar e i nt e nti o n all y c o n c e al e d fr o m us ers of cr e dit c ar ds a n d 

w e bsit es,  t h e y  t o u c h  o n  a  v ari et y  of  i nt er esti n g  m a t h e m ati c al  c o n c e pts  a n d  tri c ks  w hi c h  will  b e 

i n v esti g at e d i n t his t o pi c. 

 

S u bt o pi cs 

√  C a es ar ci p h er 

√  O n e-ti m e p a ds 

√  S y m m etri c ( pri v at e k e y) vs. As y m m etri c ( p u bli c k e y)  e n cr y pti o n 

√  Pri m e n u m b ers 

› E u cli d’s pr o of f or i nfi nit e pri m es 

› Pri m alit y t ests ( F er m at’s Littl e T h e or e m, Wils o n, A K S t est) 

√  E ni g m a i n W W 1 

√  R a n d o m n u m b ers 

› P s e u d or a n d o m a n d Tr u e r a n d o m n u m b er g e n er at ors 

› Li n e ar C o n gr u e nti al G e n er at or 
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A d dr e s s D e s cri pti o n 

w w w. y o ut u b e. c o m/ vi h art Vi  H art’s  vi d e os  b asi c all y  c o nsist  of  h er  dr a wi n g 
d o o dl es or c o mi cs t h at ill ustr at e m at h e m ati c al i d e a s 
wit h  h er  v oi c e o v er  i n  t h e  b a c k gr o u n d.  Li k e 
N u m b er p hil e  ( a b o v e),  h er  vi d e os  pr o vi d e d  t h e 
st arti n g p oi nt f or s e v er al of t h e l ess o ns I i n cl u d e d i n 
t h e c o urs e. 
 

htt p:// p a ul b o ur k e. n et/fr a ct als P a ul  B o ur k e  h as  cr e a t e d  h u n dr e ds  of  gr a p hi cs  a n d 
c oll at e d m a n y p h ot os t h at ill ustr at e fr a ct als.  
 

w w w.its o k a yt o b es m art. c o m/ p ost/ 3 7 1 5 8 0 9 7 9
7 1/i nfi nit y-i m a gi n e d-fr a ct al-ri v er- n et w or ks 

Stri ki n g  s at ellit e  p h ot o gr a p h y  of  fr a ct al  ri v er 
n et w or ks. 
 

htt p:// w w w.s os m at h. c o m/ m atri x/ m atri x. ht ml  O v er vi e w of M atri x Al g e br a 
 

htt p:// w w w. m at hsisf u n. c o m/ al g e br a/ m atri x-
i ntr o d u cti o n. ht ml 
 

S u bt o pi cs wit hi n M atri c es (i n cl u d es q u esti o ns) 

htt p:// o c w. mit. e d u/ c o urs es/s p e ci al-
pr o gr a ms/s p- 2 6 8-t h e- m at h e m ati cs-i n-t o ys-
a n d- g a m es-s pri n g- 2 0 1 0/ 

T his o nli n e pr o gr a m r u n b y MI T O p e n C o urs e w ar e 
is g e n er all y t o o c o m pl e x f or a St a g e 5 cl ass, b ut it 
g ui d e d  a  l ot  of  t h e  t hi n ki n g  i n  t h e  “ Pl a y:  T h e 
M at h e m ati cs B e hi n d G a m es ” t o pi c. 
 

htt p:// w w w. y o ut h c ar ef o u n d ati o n. or g/tr ai ni n
g. ht m 

S et T h e or y e x er cis es 

htt p:// w w w. m at h- ai ds. c o m/ V e n n _ Di a gr a m/  V e n n di a gr a m  q ui z g e n er at or 
 

htt p:// w w w.t h e g u ar di a n. c o m/s ci e n c e/s eri es/ a
-s h ort- hist or y- of- e q u ati o ns 

A  S h ort  Hist or y  of  E q u ati o ns  –  a  gr e at  s eri es  of 
arti cl es p ost e d o n t h e G u ar di a n t h at e x pl ai ns m a n y 
i nt er esti n g  m at h e m ati c al  f or m ul a e  i n  r e as o n a bl y 
si m pl e  t er ms  (t h o u g h  t h e y  ar e  still  q uit e 
c o m pli c at e d). 
 

htt ps:// w w w. y o ut u b e. c o m/ pl a ylist ?list = P L E
3 3 7 6 F F 4 4 0 8 7 B 1 7 B 
 

A n  i m pr essi v e  pl a ylist  of  vi d e os  b y  T E D- E d, 
m ostl y a ni m ati o ns b ut als o s o m e li v e pr es e nt ati o ns 
( all wit h v er y hi g h pr o d u cti o n v al u es). 
 

 

 

  

 
C T H S E x pl ori n g M at h e m ati c s  ( St a g e 5 El e cti v e C o ur s e) Pr o gr a m P a g e 1 2 

4. 3  Ot h er r e s o ur c e s 

T h e f oll o wi n g m at eri als w er e als o us e d i n t h e pr e p ar ati o n a n d i m pl e m e nt ati o n of t h e c o urs e: 

◊  D o n al d D u c k i n M at h e m a gi c L a n d ( vi d e o) 

◊  Vi d e os b  M ar c us d u S a ut o  pr o d u c e d b  T e a c h ers. T V 

› Z er o t o I nfi nit  

› L u c k  N u m b ers 

› S af et  i n N u m b ers 

› P att er ns i n N at ur e 

  

 
C T H S E x pl ori n g M at h e m ati c s  ( St a g e 5 El e cti v e C o ur s e) Pr o gr a m P a g e 1 3 

 | 5:  A p p e n di x  

 

5. 1  E xtr a m at eri al 

N u m er o us  t o pi cs  w er e  c o nsi d er e d  f or  i n cl usi o n  i n  t h e  c o urs e,  b ut  e v e nt u all y  r ej e ct e d  d u e  t o  a 

v ari et y  of  f a ct ors  ( e. g.  i ns uffi ci e nt  k n o wl e d g e  i n t h e  ar e a,  u n c ert ai nt y  a b o ut  h o w  t o  a p pr o a c h  t h e 

t o pi c  i n  a  cl assr o o m  c o nt e xt,  d e e m e d  i n a p pr o pri at e f or  st u d e nts  wit h  o nl y  st a g e  5  b a c k gr o u n d 

k n o wl e d g e). T h e y m a y or m a y n ot b e i n cl u d e d i n f ut ur e it er ati o ns of t h e c o urs e. 

◊  T o p ol o g y 

◊  K n ot t h e or y 

◊  Gr a p h t h e or y 

◊  C o m p ut ati o n al m at h e m ati cs ( as e n visi o n e d i n C o nr a d W olfr a m s C B M c o urs e, vi e w a bl e at: 

w w w. c o m p ut er b as e d m at h. or g) 

◊  F or m al g a m e t h e or y 

◊  I nf or m ati cs 

◊  T h e hist or y a n d p ers o n aliti es of m at h e m ati cs 

 

5. 2  R e m ar k s f or t e a c h er s 

O n e  of  t h e  pri m ar y  c h all e n g es  i n  t e a c hi n g  t his  c o ur s e  is  t o  h el p  st u d e nts  s e e  t h e  c o h esi o n  a n d 

o v erl a p  b et w e e n  wil dl y  diff er e nt  fi el ds  of  m at h e m at i cs.  H o w e v er,  X M  m a k es  n o  a p ol o g y  f or 

c o v eri n g  t o pi cs  t h at  ar e  d eli b er at el y  e x cl u d e d  fr o m   t h e  st a n d ar d  s e q u e n c e  of  hi g h  s c h o ol  m at hs 

pr o gr a ms d u e t o t h e f a ct t h at t h e y  d o n ot  c o n n e ct s u bst a nti all y t o t h e ot h er m or e w ell- est a blis h e d 

ar e as of m at h e m ati c al st u d y. 

 

 

 
C T H S E x pl ori n g M at h e m ati c s  ( St a g e 5 El e cti v e C o ur s e) Pr o gr a m P a g e 1 0 

 | 4:  R e s o ur c e s  

 

4. 1  Writt e n r e s o ur c e s 

T h e t a bl e b el o w lists s o m e us ef ul t e xt b o o ks. 

 

Titl e D et ail s 

I nsi d e M at h e m ati cs ( 1 0 A d v a n c e d) 
S attl er & W hit e 

C h a pt er 1 6 o n “ M or e M at h e m ati c al I n v esti g ati o n s ” 
i n cl u d es s o m e i nt er esti n g t as ks. 
 

M at h e m ati cs f or A ustr ali a n S c h o ol s ( 1 0) 
G a n d ert o n 

C h a pt er  1 3  h as  us ef ul  m at eri al  a n d  e x er cis es  f or 
t e a c hi n g M atri c es. 
 
T h e  “ c o nstr u cti o n  s e cti o ns ”  a p p e n d e d  t o  e a c h 
c h a pt er ar e als o v ari e d a n d i nt er esti n g. 
 

N e w C e nt ur y M at hs ( 1 0 A d v a n c e d) 
B o ots m a, B a d g er & S k e n e 
 
S p e ctr u m M at h e m ati cs ( 1 0 A d v a n c e d) 
Pri d dl e & Os b or n e 
 
I nsi g ht M at h e m ati cs ( 1 0 A d v a n c e d) 
L e y & F ull er 
 

B ef or e t h e i ntr o d u cti o n of t h e 5. 1/ 5. 2/ 5. 3 P at h w a ys  
s yll a b us,  t h e  St a n d ar d/I nt er m e di at e/ A d v a n c e d 
c o urs es  i n  St a g e  5  off er e d  o pti o n  t o pi cs  f or 
A d v a n c e d  st u d e nts.  O n e  of  t h es e  o pti o ns  w as 
Fr a ct als.  T h es e  t e xt b o o ks  h a v e  us ef ul  s e cti o ns 
c o v eri n g t his t o pi c. 
 

 

 

4. 2  O nli n e r e s o ur c e s 

T h e t a bl e b el o w lists w e b sit es t h at w er e us e d d uri n g t h e d e v el o p m e nt or d eli v er y of t h e X M c o urs e. 

 

A d dr e s s D e s cri pti o n 

w w w. mist er w o ot u b e. c o m/t a g/ e x pl or e m at hs  T his is t h e c o m p a ni o n w e bsit e t h at I cr e at e d f or t h e 
c o urs e.  H er e,  I  p ost e d  t as ks  f or  t h e  cl ass  a n d 
st u d e nts  r es p o n d e d  wit h  t h eir  o w n  t h o u g hts  a n d 
r efl e cti o ns. 
 

w w w. y o ut u b e. c o m/ n u m b er p hil e N u m b er p hil e  pr o d u c es  vi d e os  c o v eri n g  a  br o a d 
r a n g e  of  m at h e m ati c al  c uri ositi es,  e x pl ai n e d  b y  a 
v ari et y of a c a d e mi cs a n d m at h e m ati ci a ns ( pri m aril y 
b as e d  i n  t h e  U K).  T h e  c h a n n el  pr o vi d es  a  ri c h 
s o ur c e  of  i ns pir ati o n  f or  a  v ari et y  of  i nt er esti n g 
n u m b ers a n d t h e or e ms. 
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A- 8.   E x pl ori n g M at h e m a ti c s A s s e s s m e nt O utli n e

3  M ar ki n g R u bri c 

Si n c e  t his  is  a n  o n g oi n g  ass ess m e nt  t as k,  st u d e nt  w or k  will  b e  e v al u at e d  at  t h e  f oll o wi n g  t hr e e 

p oi nts d uri n g t h e s e m est er:  
 

Fri d a y 6 M ar c h Fri d a y 1 M a y Fri d a y 1 2 J u n e 
 

I n a d diti o n t o w or k b ei n g c o nsist e ntl y s u b mitt e d i n a ti m el y f as hi o n, t h e f oll o wi n g g ui d eli n es will 

b e us e d t o m ar k st u d e nts  w or k: 

 

L e v el of c o m p et e n c e d e m o n str at e d M ar k s 

D e m o nstr at es s o p histi c at e d m et a c o g niti v e u n d erst a n d i n g of m at h e m ati cs b y: 

◊  e x hi biti n g a p pr o pri at e q u esti o ni n g of a n d r efl e cti o n u p o n r el e v a nt i d e as 

◊  a p pl yi n g a n d e x pl ai ni n g t h e n at ur e of m at h e m ati c al t h o u g ht 

◊  pr es e nti n g c o h er e nt dis c u ssi o n wit h cl arit y t h at di s pl a ys m ulti-f a c et e d 

u n d erst a n di n g of m at h e m ati c al c o n c e pts 

◊  e v al u ati n g a n d dis c ussi n g t h e i m pli c ati o ns of m at h e m ati c al c o n c e pts i n br o a d er 

c o nt e xts t h a n t h e o n es pr es e nt e d d uri n g l ess o ns 

9- 1 0 

D e m o nstr at es str o n g m et a c o g niti v e u n d erst a n di n g of m at h e m ati cs b y: 

◊  e x hi biti n g s o m e q u esti o ni n g of a n d r efl e cti o n u p o n r el e v a nt i d e as 

◊  e x pl ai ni n g t h e n at ur e of m at h e m ati c al t h o u g ht 

◊  pr es e nti n g dis c ussi o n t h at dis pl a ys m ulti-f a c et e d u n d erst a n di n g of 

m at h e m ati c al c o n c e pts 

7- 8 

D e m o nstr at es b asi c m et a c o g niti v e u n d erst a n di n g of m at h e m ati cs b y: 

◊  e x hi biti n g s o m e r efl e cti o n u p o n r el e v a nt i d e as 

◊  d es cri bi n g m at h e m ati c al t h o u g ht i n a bri ef a n d r u di m e nt ar y w a y 

3- 6 

D e m o nstr at es b asi c u n d erst a n di n g of m at h e m ati cs b y:  
◊  c o m p osi n g p osts r el at e d dir e ctl y or i n dir e ctl y t o t h e gi v e n s kills a n d c o n c e pts 

1- 2 

N o n- att e m pt 0 

 

 

  

 | E x pl ori n g M at h e m ati c s: A T 2 ( Art w or k)  

 

1  O v er vi e w 

T h e  o p e ni n g  t o pi cs  of E x pl ori n g  M at h e m ati cs i ntr o d u c e  st u d e nts  t o  t h e  si g nifi c a nt  c o n n e cti o n 

b et w e e n  b e a ut y  a n d  m at h e m ati cs.  A p pr e ci ati o n  a n d  i n v esti g ati o n  of  t his  c o n n e cti o n  t a k es  pl a c es 

t hr o u g h t h e cr e ati o n of a m at h e m ati c al Art w or k ( A T 2). 

 

2  T a s k R e q uir e m e nt s 

St u d e nts ar e t o cr e at e a  t w o- di m e nsi o n al art w or k t h at p ortr a ys b e a ut y b ot h i n a m at h e m ati c al a n d 

n o n- m at h e m ati c al  c o nt e xt  (i. e.  s o m e o n e  wit h o ut  a  m a t h e m ati c al  b a c k gr o u n d  o u g ht  t o  b e  a bl e  t o 

a p pr e ci at e its a est h eti c q u aliti es i n s o m e m e as ur e) . T h e y m a y c h o os e t o i n c or p or at e o n e or s e v er al 

of t h e c o n c e pts e x pli citl y i ntr o d u c e d i n cl ass, s u c h as: 
 

◊  T h e G ol d e n R ati o 

◊  S y m m etr y 

◊  Fr a ct als 
 

Alt er n ati v el y, st u d e nts ar e fr e e t o i n cl u d e m at h e m a ti c al i d e as t h at t h e y dis c o v er t hr o u g h t h eir o w n 

r es e ar c h or e x p eri m e nt ati o n. 

 

T h e art w or k s h o ul d b e a mi ni m u m of A 3 i n si z e, a n d m ust b e s u p pl e m e nt e d b y a 1- p a g e r ati o n al e 

t h at v er b all y e x pl ai ns t h e m at h e m ati c al c o n c e pts or pri n ci pl es t h at u n d er pi n t h e art w or k. 

 

 

3  M ar ki n g R u bri c 

St u d e nts m ust s u b mit A T 2 d uri n g or b ef or e t h e s c h e d ul e d l ess o n W e d n es d a y 1 0 S e pt e m b er ( W e e k 

9, T er m 3). T h e f oll o wi n g g ui d eli n es will b e us e d t o m ar k st u d e nts  w or k (s e e o v erl e af): 

 

 

  

L e v el of c o m p et e n c e d e m o n str at e d M ar k s 

D e m o nstr at es s o p histi c at e d u n d erst a n di n g a n d a p pr e ci ati o n of b e a ut y i n a 

m at h e m ati c al c o nt e xt b y: 

◊  pr o d u ci n g a n art w or k t h at cl e arl y e m b o di es m at h e m at i c al pri n ci pl es 

◊  cr e ati v el y d esi g ni n g a n d c o m p osi n g a n ori gi n al w or k 

◊  cl e arl y e x pl ai ni n g a r a n g e of r el e v a nt m at h e m ati c al  c o n c e pts i n r el ati o n t o 

art w or k t hr o u g h writt e n r ati o n al e 

1 3- 1 5 

D e m o nstr at es str o n g u n d erst a n di n g a n d a p pr e ci ati o n of b e a ut y i n a m at h e m ati c al 

c o nt e xt b y: 

◊  pr o d u ci n g a n art w or k t h at e m b o di es m at h e m ati c al pri n ci pl es 

◊  d esi g ni n g a n d c o m p osi n g a n ori gi n al or d eri v ati v e w or k 

◊  d es cri bi n g a r a n g e of r el e v a nt m at h e m ati c al c o n c e pt s i n r el ati o n t o art w or k 

t hr o u g h writt e n r ati o n al e 

9- 1 2 

D e m o nstr at es b asi c u n d erst a n di n g a n d a p pr e ci ati o n o f b e a ut y i n a m at h e m ati c al 

c o nt e xt b y: 

◊  pr o d u ci n g a n art w or k t h at v a g u el y e m b o di es m at h e m at i c al pri n ci pl es 

◊  c o m p osi n g a n e ntir el y d eri v ati v e w or k 

◊  d es cri bi n g a r el e v a nt m at h e m ati c al c o n c e pt i n r el at i o n t o art w or k t hr o u g h 

writt e n r ati o n al e 

5- 8 

D e m o nstr at es s o m e u n d erst a n di n g of b e a ut y i n a m at h e m ati c al c o nt e xt b y: 
◊  pr o d u ci n g  a n  art w or k  t h at  m a y  or  m a y  n ot  o b vi o usl y e m b o d y  a n y 

m at h e m ati c al pri n ci pl e 

◊  c o m p osi n g a si m plifi e d or i n arti c ul at e writt e n r ati o n al e 

1- 4 

N o n- att e m pt 0 

 

 

 

 

 

 

 

 

 

 

  

 | E x pl ori n g M at h e m ati c s: A T 1 ( Cl a s s Di s c u s si o n)  

 

1  O v er vi e w 

E x pl ori n g M at h e m ati cs  e m p h asis es t h e i m p ort a n c e of m et a c o g niti o n (i nt e nti o n al t hi n ki n g a b o ut t h e 

l e ar ni n g  pr o c ess).  T his  s kill  is  d e v el o p e d  a n d  dis pl a y e d  t hr o u g h  t h e  Cl as s  Dis c ussi o n  ass ess m e nt 

t as k ( A T 1). 

 

2  T a s k R e q uir e m e nt s 

R efl e cti o n  p osts  ar e  writt e n  i n  r es p o ns e  t o  c o nt e nt   c o v er e d  d uri n g  l ess o n s.  T h es e  ar e  i nt e n d e d  t o 

pr o vi d e  st u d e nts  wit h  t h e  o p p ort u nit y  t o  t hi n k  c ar e f ull y  a b o ut  w h at  h as  b e e n  l e ar n e d  d uri n g  e a c h 

l ess o n  a n d  h o w  it  r el at es  t o  e xisti n g  k n o wl e d g e,  as  w ell  as  t o  o p e n  a  di al o g u e  wit h  p e ers  o v er 

m at h e m ati c al i d e as. T h es e c a n b e writt e n b y usi n g t h e f oll o wi n g q u esti o ns as a s c aff ol d:  

◊  W h at n e w c o n c e pt s/s kill s di d I l e ar n ? 

◊  H o w d o es t his r el at e t o t hi n gs I alr e a d y k n o w ? 

◊  W h at ol d i d e as h a v e b e e n c h all e n g e d ? 

◊  W as a n yt hi n g s ur pri si n g ? W h y ? 

◊  W as a n yt hi n g p arti c ul arl y diffi c ult t o u n d erst a n d ? W h y ? 

◊  W h at  u n a ns w er e d  q u esti o ns  d o  I  h a v e  t h at  e n a bl e  m e t o  t hi n k  m or e  d e e pl y  a b o ut  t h e 

c o n c e pts/s kills t h at w er e i ntr o d u c e d ? 

 

T h es e  p osts  ar e  pr o d u c e d  b y  st u d e nts  i n di vi d u all y  a n d  t h e n  l o g g e d  el e ctr o ni c all y  o n  t h e  cl as s 

w e bsit e. T h e m et h o d f or l o g gi n g t h es e is as f oll o w s : 

 

a)  C o m p os e a n e w e m ail t o e x pl ori n g m at h e m ati cs 2 0 1 5 @ g m a il. c o m 

b)  I n t h e s u bj e ct, writ e a d es cri pti v e titl e f or y o ur p ost a n d i n cl u d e y o ur n a m e i n br a c k ets.  

E. g. E x a m pl es of t h e G ol d e n R ati o i n n at ur e ( b y C hris M a rti n) 

c)  I n t h e b o d y, writ e y o ur 1 0 0- 2 0 0 w or ds of r efl e cti o n i n r es p o ns e t o t h e pr o m pts gi v e n i n cl ass 

( or usi n g t h e s c aff ol d q u e sti o ns a b o v e) 

d)  Wit hi n 1 5 mi n ut es, y o ur p ost s h o ul d a p p e ar at w w w. m ist er w o ot u b e. c o m/t a g/ e x pl or e m at hs 
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 | E x pl ori n g M at h e m ati c s: A T 4 ( Vi d e o C o m p o siti o n)  

 

1  O v er vi e w 

M at h e m ati c al i d e as ar e oft e n c o m pli c at e d a n d m ulti- f a c et e d, w hi c h pr es e nt s a g e n ui n e c h all e n g e t o 

b ot h st u d e nts (tr yi n g t o l e ar n a  c o n c e pt) a n d t e a c h ers (tr yi n g t o e x pl ai n a c o n c e pt). T h o u g h m a n y 

diff er e nt  str at e gi es  h a v e  b e e n  e m pl o y e d  t hr o u g h o ut hist or y  t o  c o m m u ni c at e  m at h e m ati cs  i n  a n 

i nt elli gi bl e w a y, t h e pri m ar y m e di u m t h at h as b e e n us e d b y m at h e m ati ci a n s h as b e e n i n t h e f or m of 

writt e n t e xt. It is w ell-s uit e d t o t h e str u ct ur e of  li n e ar t h o u g ht, a n d is e asil y s h ar e d b e c a us e it is  a 

c h e a p a n d a c c essi bl e f or m at. 

 

I n  r e c e nt  y e ars,  t h e  ris e  of  v ari o us  t e c h n ol o gi es  (e. g.  t h e  i nt er n et,  m o bil e  d e vi c es,  c a m er as)  h as 

m e a nt  t h at s h ort-f or m  vi d e o   is  n o w  i n cr e asi n g  i n  p o p ul arit y  a n d  us e.  St u d e nts  fi n d  it  a  us ef ul 

r es o ur c e (f or l e ar ni n g) a n d t e a c h ers fi n d it a p o w erf ul t o ol (f or e x pl ai ni n g). 

 

2  T a s k R e q uir e m e nt s 

I n gr o u ps of 4- 5, st u d e nt s will cr e at e a di git al vi d e o t h at s atisfi es t h e f oll o wi n g c o n diti o ns: 

◊  C o nsists of a n i nf or m ati v e pr es e nt ati o n a b o ut or a p pl yi n g a n y t o pi c i n m at h e m ati cs r el at e d 

t o or a n e xt e nsi o n of t h e st u d e nts  s yll a b us l e v el, t ar g et e d at t h eir p e ers 

◊  I n cl u d e b ot h a u di o a n d vi s u al c o m p o n e nts 

◊  B et w e e n 9 0 a n d 1 8 0 s e c o n ds l o n g 

◊  B e ori gi n al 

 

T h e fi n al vi d e o m ust c o nt ai n a titl e, cr e dits, a n d a Cr e ati v e C o m m o ns B Y- N C- N D 3. 0 A U li c e ns e. 

If  a n y  st u d e nts  ar e  p h ysi c all y  i d e ntifi a bl e  i n  t h e vi d e o  cli p,  g u ar di a n  p er missi o n  m ust  b e  s e c ur e d 

a n d s u b mitt e d i n h ar d c o p y. 

 

3  M ar ki n g R u bri c 

St u d e nts m ust s u b mit A T 4 b y U S B ( or a s uit a bl e fil e-s h ari n g s er vi c e) i n t w o st a g es: 

◊  St a g e 1 ( dr aft): d uri n g or b ef or e s c h e d ul e d l ess o n W e d 2 2 O ct o b er ( W e e k 3, T er m 4). 

◊  St a g e 2 (fi n al pr o d u ct): d uri n g or b ef or e s c h e d ul e d l ess o n Fri 3 1 O ct o b er ( W e e k 4, T er m 4).  

 

Pr oj e cts will b e ass ess e d o n t h e f oll o wi n g crit eri a :  

◊  A c c ur a c y a n d q u alit y of m at h e m ati cs pr es e nt e d 

◊  I n n o v ati v e a p pr o a c h t o pr es e nti n g m at h e m ati cs 

◊  Cr e ati vit y of o v er all pr es e nt ati o n 

◊  Q u alit y of pr o d u cti o n 

 

Aft er all gr o u ps  vi d e os ar e s u b mitt e d, t h e b est will b e n o mi n at e d a n d s u b mitt e d as t h e C T H S e ntr y 

t o t h e M at hs vi a Di git al M e di a C o m p etiti o n a d mi nist er e d b y t h e U ni v ersit y of W oll o n g o n g. 

 

L e v el of c o m p et e n c e d e m o n str at e d M ar k s 

D e m o nstr at es s o p histi c at e d u n d erst a n di n g of m at h e m a ti cs a n d hi g hl - d e v el o p e d 

c o m m u ni c ati o n s kills b : 

◊  c o n v e i n g a diffi c ult m at h e m ati c al c o n c e pt/s kill i n a n a c c ur at e f as hi o n 

◊  s h o wi n g t h e c o n c e pt/s kill i n a n e n g a gi n g a n d i nt er esti n g w a  

◊  pr o d u ci n g a cr e ati v e a n d ori gi n al pr es e nt ati o n 

◊  utilisi n g t h e hi g h est p ossi bl e pr o d u cti o n v al u es i n  t h e fi n al pr o d u ct 

1 3- 1 5 

D e m o nstr at es str o n g u n d erst a n di n g of m at h e m ati c s a n d r e as o n a bl e c o m m u ni c ati o n 

s kill s b : 

◊  c o n v e i n g a m at h e m ati c al c o n c e pt/s kill i n a n a c c ur at e f as hi o n 

◊  s h o wi n g t h e c o n c e pt/s kill i n a n i nt er esti n g w a  

◊  pr o d u ci n g a cr e ati v e pr es e nt ati o n 

◊  utilisi n g s u bst a nti al pr o d u cti o n v al u es i n t h e fi n a l pr o d u ct 

9- 1 2 

D e m o nstr at es b asi c u n d erst a n di n g of m at h e m ati cs a n d  el e m e nt ar  c o m m u ni c ati o n 

s kill s b : 

◊  c o n v e i n g a m at h e m ati c al c o n c e pt/s kill i n a n a c c ur at e f as hi o n 

◊  pr o d u ci n g a cr e ati v e pr es e nt ati o n 

5- 8 

D e m o nstr at es  li mit e d  u n d erst a n di n g  of  m at h e m ati cs  a n d  s o m e  c o m m u ni c ati o n 
s kill s b : 
◊  c o n v e i n g a m at h e m ati c al c o n c e pt/s kill 

◊  pr o d u ci n g a d eri v ati v e pr es e nt ati o n 

1- 4 

N o n- att e m pt 0 

 

 

 

  

 | E x pl ori n g M at h e m ati c s: A T 5 ( M atri c es Q ui z)  

 

1  O v er vi e w 

M atri c es ar e o n e of t h e m ost p o w erf ul t o ol s i n all of m at h e m ati cs. T his i s f or t w o r e as o ns. Firstl y, 

t h es e  h u m bl e  gri ds  of  n u m b ers  ar e  a bl e  t o  r e pr e s e nt  c o u ntl ess  a m o u nts  a n d  t y p es  of  i nf or m ati o n 

(s u c h  as  s yst e ms  of  li n e ar  e q u ati o ns  a n d  v e ct ors  i n  a n y  n u m b er  of  di m e nsi o ns).  S e c o n dl y,  t h eir 

hi g hl y str u ct ur e d n at ur e m a k es t h e m i d e all y s uit a bl e t o b e h a n dl e d a n d m a ni p ul at e d b y c o m p ut ers, 

w hi c h  e n a bl es  all  t h e  v ast  pr o c essi n g  p o w er  of  t h e el e ctr o ni c  a g e  t o  b e  dir e ct e d  at  s ol vi n g  a n y 

pr o bl e m t h at c a n b e e x pr ess e d m at h e m ati c all y. 

 

2  T a s k R e q uir e m e nt s 

St u d e nts ar e gi v e n 3 0 mi n ut es t o c o m pl et e a q ui z t h at i n cl u d es t h e f oll o wi n g c o n c e pts a n d s kills: 
 

◊  I nt er pr eti n g a n d c o nstr u cti n g a u g m e nt e d m atri c es 

◊  El e m e nt ar y r o w o p er ati o ns 

◊  M atri x m ulti pli c ati o n 

◊  I n v ers e of a m atri x 

◊  D et er mi n a nt of a m atri x 
 

T hi s  t as k  will  b e  a d mi nist er e d  i n  a  n or m al  cl as sr o o m  d uri n g  t h e  r e g ul arl y  s c h e d ul e d  l ess o n  o n 

T u es d a y  4  N o v e m b er  ( W e e k  5).  A n y  st u d e nts  w h o  miss t h e  t as k  at  t his  ti m e  will  h a v e  t h e 

o p p ort u nit y t o d o it t h e n e xt d a y ( W e d n es d a y 5 N o v e m b er).  

 

3  M ar ki n g R u bri c 

St u d e nts  will  b e  ass ess e d  o n  t h eir  a bilit y  t o  c orr e ctl y  u n d erst a n d  t h e  l a n g u a g e  of  m atri c es  a n d  t o 

a c c ur at el y m a ni p ul at e m atri c es wit h st a n d ar d o p er at i o ns a n d al g orit h ms. 

 

 

 

 

 | E x pl ori n g M at h e m ati c s: A T 3 ( S et T h e or y Q ui z)  

 

1  O v er vi e w 

S et  t h e or y  is  a  criti c all y  i m p ort a nt  br a n c h  of  m at h e m ati c al  l o gi c  t h at  c o n c er ns  t h e  st u d y  a n d 

l a n g u a g e of gr o u ps of o bj e cts. M a n y of t h e s kills th at ar e f u n d a m e nt al t o u n d erst a n di n g s ets c a n b e 

ass ess e d t hr o u g h a s h ort r es p o ns e q ui z. 

 

2  T a s k R e q uir e m e nt s 

St u d e nts ar e gi v e n 4 0 mi n ut es t o c o m pl et e a q ui z t h at i n cl u d es t h e f oll o wi n g c o n c e pts a n d s kills: 
 

◊  S et t er mi n ol o g y a n d n ot ati o n 

◊  S et o p er ati o ns 

◊  C o nstr u cti o n a n d i nt er pr et ati o n of V e n n a n d C arr oll  di a gr a ms 
 

T hi s t as k will b e a d mi nist er e d i n a n or m al cl assr o o m d uri n g a r e g ul arl y s c h e d ul e d l ess o n. 

 

 

3  M ar ki n g R u bri c 

St u d e nts will b e ass ess e d o n t h eir a bilit y t o c orr e ctl y u n d erst a n d t h e l a n g u a g e of s et t h e or y a n d i nf e r 

a c c ur at e c o n cl usi o ns i n gi v e n s c e n ari os. A d diti o n al l y, i n s o m e q u esti o ns, st u d e nts will b e r e q uir e d 

t o d e m o nstr at e t h e c o n c e pt u al l o gi c b e n e at h t h eir fi n al r es p o ns es. 
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A-9. Osterley High School Year 7 Angles Task
requirements:	 • You	can	type	up	the	table	using	the	template,	print	

it	off	and	draw	any	diagrams	by	hand,	or	you	can	
handwrite	onto	the	table	provided.	

• Label	all	angles	using	capital	letters.	
• Draw	the	diagrams	in	pencil	and	ensure	that	they	

are	large	and	clear.	
• Illustrations	must	be	from	books,	magazines,	

newspapers	or	the	internet.	
	

Students	may	be	
tested	on	the	
following	
syllabus	
outcomes:	
	
MA4-18MG	
	
Identifies	and	
uses	angle	
relationships	

Use	the	language,	notation	and	conventions	of	geometry	
• Define,	label	and	name	points,	lines	and	intervals	

using	capital	letters	
• Label	the	vertex	and	arms	of	an	angle	with	capital	

letters	
• Label	and	name	angles	using	∠!	or	∠!"#	

notation	
• Use	the	common	conventions	to	indicate	right	

angles	and	equal	angles	on	diagrams.	
	
Recognise	the	geometrical	properties	of	angles	at	a	point	

• Use	the	terms	‘complementary’	and	
‘supplementary’	for	angles	adding	to	90°	and	180°	
respectively,	and	the	associated	terms	
‘complement’	and	‘supplement’	

• Use	the	term	‘adjacent	angles’	to	describe	a	pair	of	
angles	with	a	common	arm	and	common	vertex	

• Identify	and	name	right	angles	straight	angles,	
angles	of	complete	revolution	and	vertically	
opposite	angles	embedded	in	diagrams.	

• Recognise	that	adjacent	angles	can	form	right	
angles,	straight	angles	and	angles	of	revolution	
(Communicating,	Reasoning)	

	

	

	

	

Marking	Information	

Marking	criteria:	 • 1	mark	for	each	correct	definition.	
• 1	mark	for	each	correct	diagram;	1	mark	for	

correct	labelling	
• 1	mark	for	each	illustration	of	the	angle	in	real	life;	

1	mark	for	highlighting	the	angle	on	the	illustration	
	

Total	marks:	50	
	

Exemplar	

Type	of	
angle	

Definition		
(1	mark	
each)	

Diagram	
(Label	the	
angles)	

(2	marks	each)	

Illustration	of	angle	found	
in	real	life	(clearly	

highlight	where	the	angle	
is)	

(2	marks	each)	
Acute	
angle	

An	acute	
angle	is	an	
angle	that	
is	less	than	
90°	

	

	
	

Year	7	Angles	Research	Task	 	 	 	 	 	 	 	 Name:			 	 	 	 Class:	

Type	of	angle	 Definition		
(1	mark	each)	

Diagram	(Label	the	angles)	
(2	marks	each)	

Illustration	of	angle	found	
in	real	life	(clearly	highlight	

where	the	angle	is)	
(2	marks	each)	

Acute	angle	 	 	 	

Right	angle	 	 	 	

Obtuse	angle	 	 	 	

Straight	angle	 	 	 	

Reflex	angle	 	 	 	

Revolution	 	 	 	

Complementary	angles	 	 	 	

Supplementary	angles	 	 	 	

Vertically	opposite	angles	 	 	 	

Adjacent	angles	 	 	 	

	

Course:	 Stage	4	Mathematics	 Year:	 7	
Topic:	 Angles	
Task	Name:	 ‘Angles’	Research	Task	
Date	Due:	 First	Lesson,	Week	7	
	

Task	Information	

Important	idea(s)	
being	explored:	

Angles	are	found	in	everyday	life.		Can	you	identify	where	
they	are	found?		Can	you	draw	angles	and	measure	
different	types	of	angles?	

Task	outline:	 You	are	required	to	fill	in	the	table	template	provided	for	
all	angles	listed	below.		
	

• Acute	angle	
• Right	angle	
• Obtuse	angle	
• Straight	angle	
• Reflex	angle	
• Revolution	
• Complementary	angles	
• Supplementary	angles	
• Vertically	opposite	angles	
• Adjacent	angles	

	

	
	

Specific	 • You	are	to	work	individually	on	the	research	task.	
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A-10. Osterley High School Year 7 Percentages Task

	

Marking	Criteria	

Part	1:	Collage	 • 1	mark	for	each	example	of	a	percentage,	in	context,	in	everyday	life	
(total	6	marks)	

• 1	mark	for	an	A4	sized	collage	poster	
• 1	mark	for	including	a	title,	your	name	and	class	
• 1	mark	for	including	at	least	one	percentage	that	is	NOT	a	multiple	of	5	
• 1	mark	for	presentation	and	creativity	

	
Total	marks	Part	1:		10	

Part	2:		Open-ended	
task	

• Marks	will	be	indicated	on	the	task	paper	
• The	open-ended	task	will	consist	of	3	sections	

	
Total	marks	Part	2:		20	

Part	3:		Literacy	task	 • One	mark	for	each	correct	choice	of	word	(total	8	marks)	
• Two	marks	for	using	the	passage	to	answer	the	problem		

	
Total	marks	Part	3:		10	

	

	

	 	

 
 
  
 
 

 Name :……………………………………………………….. 

    

YEAR	9	Assessment	Task	3	

Part	2	and	Part	3	
Topics:	Understanding	and	computation	with	Fractions,	Decimals	and	

Percentages	
 

 

 

 

 
	

Outcomes	Tested	 	

Fractions,	Decimals	and	Percentages	

MA4-5NA		 operates	with	fractions,	decimals	and	percentages	

Working	Mathematically	

MA4-1WM	 communicates	and	connects	mathematical	ideas	using	appropriate	terminology,	diagrams	and	
symbols	

MA4-2WM	 applies	appropriate	mathematical	techniques	to	solve	problems	

MA4-3WM	 recognises	and	explains	mathematical	relationships	using	reasoning	

	 	

General	Instructions	

o Reading	Time-	5	minutes	

o Working	Time:	20	minutes	Part	2;	10	minutes	
Part	1	

o Write	using	a	blue	or	black	pen	

o Calculators	are	permitted	

Part	1:	Poster	(previously	submitted)	 /10 

Part	2:	Open-ended	task	 /20 

Part	3:	Literacy	in	percentages	 /10 

Total	 /40 

 

NAME:	_______________________	 	 	 	 	 	 	 Year	7	Percentages	Part	2	

	

Part	2:		Open-Ended	Task	(3	sections,	20	marks)	

Section	1	(2	marks)	

Using	your	collage,	select	one	of	the	percentages	you	have	displayed	and	explain	what	it	
has	been	used	for	in	as	much	detail	as	possible.	

	

	

	

	

	

	

Section	2	(3	questions,	10	marks)	

Your	teacher	has	selected	one	of	the	percentages	displayed	on	your	collage.	It	is	written	
below:	

	

	

	

	

Answer	the	following	questions	using	the	above	percentage:	

1) (a)	 Place	each	of	these	numbers	on	the	number	line	provided	(4	marks)	
	

70%	 	 	 ½		 	 	 0.4	 	 	 0.9	
	

	
	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	

	
	
(b)	 Place	your	percentage	in	the	correct	position	on	the	same	number	line	above		
	 	 	 	 	 	 	 	 	 	 	 	 (1	mark)	
	
	
	
	

0	 1	

Assessment	Task	3	

Course:	 Stage	4	Mathematics	 Year:	 7	
Topic:	 Fractions,	Decimals	and	Percentages	
Task	Name:	 Percentages	Task	
Date	Due:	 Part	1:		First	lesson,	Week	5,	Term	3	

Part	2	and	3:		First	lesson,	Week	8,	Term	3	
	

Task	Information	
Important	idea(s)	
being	explored:	

Percentages	are	used	in	various	situations	every	day.		Students	will	be	assessed	
on	their	ability	to	identify	these	real-life	scenarios	and	operate	with	percentages	
in	these	contexts.	

Task	outline:	 PART	1	–	COLLAGE	(To	be	completed	at	home)	
	

Create	an	A4	collage	on	a	separate	sheet	of	paper/cardboard.	The	collage	must	
have	the	heading	“Percentages”,	and	your	name	and	class	clearly	visible.	
	

Specific	requirements:	
• The	collage	should	contain	as	many	examples	as	possible	of	percentages	

in	everyday	life.		Cut	out	examples	from	newspapers,	magazines,	
brochures	and	products	or	print	off	pictures	and	advertisements	from	the	
internet.		You	may	also	include	photographs.		Each	example	must	show	
the	context	in	which	the	percentages	have	been	used	(eg	the	whole	
advertisement	or	an	entire	quote)	

• The	collage	must	have	at	least	six	examples	of	percentages	and	must	
include	at	least	one	percentage	that	is	not	a	multiple	of	5.	

	

THE	COLLAGE	IS	DUE:		________________________	
	

PART	2	–	OPEN-ENDED	TASK	(To	be	completed	in	class)	
• You	will	be	given	some	questions	to	answer	using	one	of	the	percentages	

you	have	used	in	your	collage.		These	questions	will	be	about	ordering,	
converting	and	operating	with	percentages,	fractions	and	decimals.	

• Calculators	will	be	allowed.	
	

DATE	OF	PART	2:		__________________	
	

PART	3	–	LITERACY	TASK	(To	be	completed	in	class)	
• You	will	be	given	a	cloze	passage	to	complete	using	a	narrative	about	

percentages.	
	

DATE	OF	PART	3:		__________________	
Syllabus	outcomes:	 • Write	a	fraction	in	its	simplest	form	

• Add	and	subtract	fractions	using	written	and	calculator	methods	
• Place	fractions	and	decimals	on	a	number	line	to	compare	their	relative	

values	
• Connect	fractions,	decimals	and	percentages	and	carry	out	simple	

conversions	
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Section	3	(8	marks)	

The	following	numbers	have	been	placed	on	a	number	line.	

	

	

							0.03	 		15%	 	 							!!	 	 	 !
!	 					0.6		 					!!	 	 				 !!"	 				100%	

	

Use	all	necessary	mathematical	calculations	(show	working	below)	to	show	that	these	
fractions,	decimals	and	percentages	are	ordered	from	smallest	to	largest.	

	

	

	 	

	

NAME:	_______________________	 	 	 	 	 	 	 Year	7	Percentages	Part	3	

Part	3:		Literacy	in	percentages	(10	marks)	

Complete	the	following	cloze	passage	by	inserting	the	most	appropriate	word	from	the	
word	bank	below.	

Profit	 Loss	 Percent	 Multiply	
Divide	 Calculate	 Thirty-five	 Percentage	
Fraction	 Three-quarters	 Seventy-five	 Subtract	
Add	 Twenty-five	 Increase	 Decimal	

Decrease	 Sixty-five	 Fifty	 Out	of	
Narrative	(8	marks)	

One	morning,	Ms	Pearn	read	a	newspaper	article	that	said	approximately	three-quarters	of	
Australian	children	between	the	ages	of	twelve	and	fourteen	own	a	mobile	phone.	

“That’s	very	interesting,”	Ms	Pearn	thought	out	loud,	“I	wonder	how	many	Year	7	students	
at	NHSPA	own	a	mobile	phone.”	

Mr	Atkinson	overheard	her	and	replied,	“We	could	estimate	that,	couldn’t	we?”	

“That’s	true!	Three-quarters	is	___________________	percent.		If	we	knew	how	many	Year	
7	students	there	were,	we	could	easily	____________________	a	reasonable	estimate!”	

“That’s	right,	we	would	only	need	to	_________________	the	percentage	with	the	number	
of	students	we	have.	You	know,	we	could	convert	the	percentage	to	a	________________	
or	a	___________________	before	we	did	any	calculations.”	

Ms	Pearn	nodded	in	agreement	and	continued	reading,	“By	the	time	they	are	15,	that	
number	surges	up	to	90	_________________!”	

“Wow!	That	is	a	significant	percentage	____________________	in	just	over	a	year	or	two,”	
replied	Mr	Atkinson.	

“These	statistics	must	be	fantastic	for	mobile	phone	companies.	They	must	make	a	serious	
______________________	from	mobile	phone	usage	in	Australia!”.	

Cloze	problem	(2	marks)	

If	there	are	180	students	in	Year	7	(who	are	between	the	ages	of	12	and	14	years	old),	use	
the	information	in	the	narrative	to	calculate	an	estimate	of	the	number	of	students	who	
would	own	a	mobile	phone.	Show	all	working.	

___________________________________________________________________________	

___________________________________________________________________________	

	
	

2) (a)	 Convert	your	percentage	into	a	fraction	(express	in	simplest	form)	(1	mark)	
	
	
	

(b)	 Find	half	of	this	fraction	(1	mark)	

	

	

(c)	 Write	down	two	fractions	that	add	to	give	your	fraction	in	part	(a)	(1	mark)	

	

	

3) (a)	 Convert	your	percentage	into	a	decimal	(1	mark)	

	

	

(b)	 Calculate:		(1	mark)	

	

		

	

	

	

	

	

	

	

	

	

	

	

	

	

Your	percentage	

+						0.65					=					__________________	
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A-11. Osterley High School Year 9 Trigonometry

Part	1	-	 Trigonometry	Investigation		

a) Build	your	own	clinometer.	This	must	be	submitted	with	your	research	task.		(2	Marks)	
	

A clinometer is a tool used to measure the angle of elevation, or angle from the ground 
in a right-angled triangle. You can use a clinometer to measure the height of objects 
you cannot practically measure.  

Follow the directions below to create your own clinometer. 

YOU  WILL NEED:  
• A protractor with a small hole on the centre spot or print out of a protractor glued 

onto thick cardboard 
• 20 cm of string or strong cotton 
• A weight --- such as a metal nut, paper clips or a small piece of clay 
• Glue and scissors 
• A plastic drinking straw 
• Clear adhesive/ sticky tape 

Tip:	Research	clinometers	to	gain	a	greater	understanding	of	what	this	device	looks	like	and	
how	it	works.			
 

DIRECTIONS:		
• With	a	thumbtack,	nail	or	other	sharp	implement,	poke	a	hole	through	the	

centre	crossbar	of	the	protractor.	
• Push	the	string	through	the	hole	and	tie	a	large	knot	on	the	other	side	so	it	

won't	pull	through	
• Tie	the	weight	to	the	other	end	of	the	string.		
• Tape	the	straw	so	that	it	lies	over	the	90°	marking	on	the	protractor.	Place	it	on	the	

same	side	of	the	protractor	as	the	knot,	to	allow	the	weighted	string	to	swing	freely.	
	
	
	
	

b) Use	the	clinometer	to	measure	the	angle	of	elevation	of	a	tree,	a	
building	and	one	other	object.			(	21	marks)	

	
You	will	need	two	people	to	use	the	clinometer.	One	person,	to	look	through	the	
straw	and	site	the	top	of	an	object	and	one	person,	to	read	the	angle	(in	
degrees)	that	the	string	makes	with	the	protractor.	
**Note:	This	is	still	an	individual	task	and	all	of	the	work	submitted	must	be	
entirely	your	own.	

• Find	a	tall	tree,	a	tall	building	and	1	other	object	taller	than	yourself			
that	you	can	reach	the	top	of	without	standing	on	anything.	

• Look	through	the	straw	and	find	the	top	of	the	tree.	
• Ask	your	friend	to	read	the	angle	being	recorded	on	the	clinometer.	This	

is	read	where	the	string	or	cotton	is	touching	the	protractor.	
• Measure	the	distance	between	where	you	are	standing	and	the	base	of	the	

tree.	
• Measure	the	distance	from	your	eyes	to	the	ground	(this	is	where	your	

partner	is	indispensible!)	
	

c) Calculating	the	height	of	each	object	

(i) Draw	a	diagram	for	each	of	the	three	objects,	including	the	angle	of	elevation,	
your	distance	from	the	object,	and	your	eye	height.	

	
(ii) Calculate	the	height	of	each	object	(tree,	tall	building	and	object),	showing	all	

working.	Working	should	include	the	following:	

• Correct	trigonometric	ratio	
• Correct	side	length	of	triangle	
• Addition	of	eye	height	for	total	height	of	object	
• Correct	units	and	answer	to	1	decimal	place	

d) Create	a	visual	presentation		(7	marks)	
Using	a	comic	strip	creation	website	to	create	a	comic	strip,	or	an	alternative	
computer	based	pictorial	method,	to	explain	the	process	you	went	through	to	
measure	the	height	of	the	tree.		Websites	to	try	include	

• http://stripgenerator.com/strip/create	
• http://www.toondoo.com/	
• www.pikistrips.com	
• http://www.makebeliefscomix.com/Comix/	

Alternative	computer	based	methods	include	Keynote,	iMovie	or	a	poster	(using	
printed	photos).	No	hand	drawn	comics!	The	comic	strip	must	have	a	minimum	of	5	
slides	/	panels.	

Year 9 - Mathematics 
 

Trigonometry - Research Task 

Due Date: 8 Aug 2017 

Trigonometry	is	a	branch	of	Mathematics	that	uses	properties	
of	triangles	to	calculate	various	lengths	and	angles.	

 



�����������������������������������������������������������������������������������������������������������

�������� ����

2) Lumberjack Method 

Lumberjacks /loggers are people who cut down trees. They learned 
a great deal from people who lived in forests for generations, like 
the Native Americans. They might be cutting down trees that are 
over a certain height and it is important that they have an easy way 
to estimate which of the trees around them are to be cut. You can 
try and estimate the height of a tree or a building using their 
method. 

 

Figure 4: How to find the height of a tree Tree Logger method.  
 
 

You need a partner (this can be anybody who is available to assist you while you 
conduct the measurements) who stands at the base of the tree. Move a distance away 
from the tree then, holding your pencil at arms' length, between your thumb and 
forefinger so that it brackets the height of your partner (the top and bottom of the 
pencil coincide with the top of the head and the bottom of the feet of your partner). 
Now, use this length to step out the height of the tree in "pencil lengths". You can 
now measure the height of your partner and multiply this by the number of pencils 
high the tree is. This is worth doing several times from different distances and 
working out an average to improve the accuracy. 

 
This is quite easy, once you have the knack. Describing the method makes it sound 
way more complicated than it is. After a couple of tries, you'll be able to apply for a 
lumberjack's job! 

 
 

Questions:  ( 4 marks) 

a) What was the height of your partner (to the nearest centimetre)? 

 

b) How many “pencil lengths” did you estimate to fit into the height of the 
tree? 

 

c) Show your calculation for how you worked out the height of the tree. 
Give your answer in metres to 1 decimal place. 

3) Shadows Method 

Now try a third method. Don't forget to be comparing the sizes that you are 
getting for the tree height to see how they match up. 
You will need a partner again, and another thing that you will need is a sunny 
day. You might have to pick your time for this experiment. 

 
We'll call this method Measuring Shadows. Wait until the tree casts a shadow 
then measure the length of the shadow. Stand next to the tree and have a friend or 
parent measure your shadow. Be sure to do it as soon as you can after you 
measure the tree shadow, since shadows cast by the sun continually change as the 
earth rotates. Measure your height to find out how tall you are. Now for the good 
part - get those calculators out! You will need the 3 measurements: 

 
• the length of the tree's shadow 
• the length of your shadow 
• your height 

 
Divide the length of the tree's shadow by the length of your shadow. Then 
multiply the answer by your height. This will tell you how tall the tree is! 

(Tree's Shadow / Your Shadow) x Your Height = Tree's Height 
 
 
 

 
Questions:  (4 marks) 

a) What was the length of the tree’s shadow? 

b) What was the length of your shadow? 

c) What was your measured height? 

d) Calculate the tree’s height, showing your working. Give your answer 
in metres to 2 decimal places. 

4) Clinometer Method 
Use your clinometer created in Task 1 to calculate the angle of elevation 
and height of the tree. Remember your working should include the 
following: 

 
• Correct trigonometric ratio 
• Correct side length of triangle 
• Addition of eye height for total height of object 
• Correct units and answer to 1 decimal place 

 
 

 
5) Summary and comparison of results   (4 marks) 

 
a) Present a summary of your results in a table. 

 
 
b) Which of the four methods (Clinometer, Native American, Lumberjack or 
Measuring Shadows) in this task would you prefer to use, and why? 

 
 
 

END OF TASK 
 

** Include a cover sheet 
** Ensure you name is written on each page. 
** Include the marking criteria with your research task 
** Students will present their visual presentation to both classes on the due date. 

 
Place your clinometer and research task in a plastic sleeve. 

Part 2 – Trigonometry in Action 
 

Some of the early ways of measuring the height of tall structures are still in use today. They require 
very little equipment and can be used out in forests where special equipment is hard to come by. We 
are going to look at four methods. You will then compare your results to discover if the answers 
you get are close - they should be. After all, the tree does not change its height because you change 
your measurement method! You might be surprised just how accurate you can be. 

 
1) Native American Method 

Native Americans had a very interesting and unusual way of seeing how high a tree was. 
They would bend over and look through their legs! 

They would walk far enough from the tree to a find a place where they were just 
able to see the top of the tree (from their upside down position). The distance 
from this place to the base of the tree was approximately the height of the tree. 
Does it work? Actually it does and the reason is rather simple. For a normal, fit 
and healthy adult (one who can bend over in such a way), the angle that is 
formed as they look through their legs is approximately 45 degrees. The angle 
between the tree trunk and the ground is fairly close to 90 degrees and, using 
what you know about the angles and sides of a triangle you can work out the 
height of the tree. The height of the tree and the distance from the tree to the 
person is about equal. Therefore, knowing the distance to the tree gives you a 
good idea about the height of the tree. It certainly saves having to carry heavy 
surveying equipment around. 

 
 

Questions:  (4 marks) 

(a) Draw a diagram similar to Figure 3, showing how you used this method, labelling 
all measurements (all three angles, your distance from the tree, the height of the tree). 

 

(b) What sort of triangle did you draw? 

 
(c) Why does this method work in finding the height of the tree? (Hint: what are the 
properties of the triangle?) 
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b)  &  c)  Object  - Measurements / Diagrams / Calculations 
 

b) Angle of elevation of object measured 
* No angle of elevation given 

1 
0 

c) (i) Ruler used to draw neat and labelled diagram showing the angle of 
elevation, your distance from the object and your eye height (including 
dimensions) 
* Neat diagram drawn showing some labelling and /or measurements. 
* Poorly drawn diagram with limited labelling/ measurements or no 

diagram included. 

 
2 

 
1 

 
0 

c)(ii)Calculate the height of the object showing all working. Working 
should include the following: 

 
• Correct trigonometric ratio (1 mark each object) 

• Correct side length of triangle (1 mark each object) 
• Addition of eye height for total height of object (1 mark 

each object) 

• Correct units and answer to 1 decimal place (1 mark 
each solution object) 

 
 
 
1 0 
1 0 

 
1 0 

 
1 0 

 

d) Visual presentation (7 marks) 
 

* Use of comic-strip creation or alternative compute-based method  1 0 

* 5 or more panels / slides 
 

1 0 

* Appropriate use of mathematical language / notation 
 

1 0 

*Correct spelling 
 

1 0 

*Visual effectiveness 
 

1 0 

* Logical sequencing and clear explanation of process 2 1 0 

Part 2  -   Trigonometry in Action Total / 20 marks 
 

1) Trigonometry – the Native American Way (4 marks) 

a)Ruler used to draw neat and labelled diagram ( similar to Figure 3) 
 

showing how you used this measurement, labelling all measurements 
(all three angles, your distance from the tree, the height of the tree) 2 

* Neat diagram drawn showing some labelling and /or measurements 1 

* Poorly drawn diagram with limited labelling/ measurements or no 
diagram included. 0 

(b) What sort of triangle did you draw? 1 0 

(c) Why does this method work in finding the height of the tree? (Hint: 
what are the properties of the triangle?) 

1 0 

 

2) Trigonometry – the Lumberjack Way   ( 4 marks) 
a) Partner’s height to the nearest centimetre 1  0 

b) Stated “pencil lengths”  estimated to fit into the height of the tree? 1  0 

d) Height of the tree calculated (working included). Answer in metres 
to 1 decimal place. 
*Height of tree provided – limited working- not rounded to one 
decimal place. 
* Answer only / not necessarily rounded – no answer 

 
2 
1 

 
0 

 
 

3) Trigonometry – the Shadow Way ( 4 marks) 

a) Length of the tree’s shadow 1 0 

b) Length of your shadow 1 0 

c) Students measured height? 1 0 

e) Tree’s height (working included). Answer in metres to 2 decimal 
places. 

*  marks not deducted for incorrect rounding 

 
 
1 

 
 
0 

4) Trigonometry  - Using the clinometer  ( 4 marks) 
 

Correct trigonometric ratio 1 0 

Correct side length of triangle 1 0 

Addition of eye height for total height of object 1 0 

Correct units and answer to 1 decimal place 1 0 

 
 
 

5) Summary of results   ( 4 marks) 
 
 

a) Tabulated summary of results from four methods. 1 0 

b) Stated prefered method (Clinometer, Native American Indian, 
Lumberjack or Measuring Shadows) 

1 0 

b)  Reasons provided  

* Extensive valid reasoning 2 

* Limited or unsupported reasoning 1 

* No genuine attempt to provide valid reasons 0 

 

Year 9  Stage 5:3   Trigonometry  Research  Task  Marking Criteria 
 

Name (s)    
 

TASK 1 – Trigonometry Investigation Total /  30 marks 
a) Create a clinometer  ( 2 marks) 

* Clinometer accurately constructed with no alignment issues allowing accurate measurements 2 
* Basic clinometer is produced with minor flaws in alignment  1 
* No clinometer produced or very imprecise construction 0 

 
b) &  c)  Tree - Measurements / Diagrams / Calculations   (7 marks) 
b) Angle of elevation of a tree measured 

* No angle of elevation given or unrealistic measurement given 
1 
0 

c) (i) Ruler used to draw neat and labelled diagram showing the angle of 
elevation, your distance from the object and your eye height (including 
dimensions) 
* Neat diagram drawn showing some labelling and /or measurements. 
* Poorly drawn diagram with limited labelling/ measurements or no 

diagram included. 

 
2 

 
1 

 
0 

c)(ii) Calculate the height of the tree showing all working. Working 
should include the following: 

• Correct trigonometric ratio (1 mark each object) 

• Correct side length of triangle (1 mark each object) 

• Addition of eye height for total height of object (1 mark 
each object) 

• Correct units and answer to 1 decimal place (1 mark 
each solution object) 

 
 

1 0 
1 0 

 
1 0 

 
1 0 

 
b)  &  c)  Tall building- Measurements / Diagrams / Calculations 
b) Angle of elevation of a tall building measured 

* No angle of elevation given 
1 
0 

c) (i) Ruler used to draw neat and labelled diagram showing the angle of 
elevation, your distance from the object and your eye height (including 
dimensions) 
* Neat diagram drawn showing some labelling and /or measurements. 
* Poorly drawn diagram with limited labelling/ measurements or no 

diagram included. 

 
2 

 
1 

 
0 

c)(ii)Calculate the height of the tall building showing all working. 
Working should include the following: 

• Correct trigonometric ratio (1 mark each object) 

• Correct side length of triangle (1 mark each object) 

• Addition of eye height for total height of object (1 mark 
each object) 

• Correct units and answer to 1 decimal place (1 mark 
each solution object) 

 
 

1 0 
1 0 

 
1 0 

 
1 0 
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Topic:	Driving	
 

 
Content to be assessed: 
 
FSDr1 Cost of purchase and insurance 

 
FSDr2 Running costs and depreciation 

FSDr3 Safety 

 
 
Outcomes to be addressed: 
 
MGP – 1 
 

uses mathematics and statistics to compare alternative solutions to contextual 
problems 

MGP – 2 represents information in symbolic graphical and tabular form 
MGP – 3 
 

represents the relationships between changing quantities in algebraic and 
graphical form 

MGP – 5 demonstrates awareness of issues in practical measurement, including accuracy 
and choice of relevant units 

 
MGP – 6 

models financial situations relevant to the student’s current life using appropriate 
tools 

MGP – 7 
 determine an appropriate form of organisation ad representation of collected data 

MGP – 8 
 performs simple calculations in relation to the likelihood of familiar events 

MGP – 9 
 

uses appropriate technology to organise information from a limited range of 
practical and everyday contexts 

MGP – 10 justifies a response to a given problem using appropriate mathematical 
terminology 
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Assignment	Overview	
Checkpoint Deliverables Marks 

 
Checkpoint 1 

Getting a new car 
24th  February 2017 

☺ Vocabulary worksheet 
☺ Licence details 
☺ Car details 
☺ Registration details 
☺ Loan details 

76 

 
Checkpoint 2 

Cost of running your car 
10th March 2017 

 

☺ Budget for running your car 
☺ Insurance 
☺ Depreciation on car 90 

 
Checkpoint 3 

Responsibilities of Driving 
24th March 2017 

 

☺ Stopping distances 
☺ Blood Alcohol Concentration 
☺ Motor vehicle accidents 102 

  
Total 268 
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Checkpoint	1	Overview	
 
 
You have decided to buy a car and need to make a choice of the most suitable car for you. You 
limit yourself to $20 000 for this vehicle. In this part of the assignment you will research 2 different 
cars and their features. You may use the sites suggested below, or find your own. Please show 
screenshots of your research. 
 
Checkpoint 1                     Due: 24th February 2017 
 
o #1.	Vocabulary worksheet 
 
o    #2. What types of licences are available in NSW? What do you need to do to get one and 
what are your responsibilities for each type? 
http://www.rta.nsw.gov.au/licensing/downloads/licenclassindex_dl1.html 
http://www.rta.nsw.gov.au/licensing/licence_under18s.html 
 
 
o   #3. Research and choose to purchase TWO of the following cars or one you find yourself 
*Kia Rio * Honda Civic  * Toyota Yaris    * Mazda 3 
 
http://www.carsguide.com.au/  
http://carsales.com.au/used/new-south-wales/  
http://www.gumtree.com.au/s-cars-vans-utes/sydney/  
http://www.tradingpost.com.au/Automotive/Used-Cars/ 
 
o #4.		What is the stamp duty and transfer costs for the purchase of this vehicle? 
http://www.rta.nsw.gov.au/registration/regorenewal/index.html 
 
o #5.	Loan 
In order to buy the vehicle you will need finance. There is an attached loan table. Calculate the 
monthly repayments for a 12% loan. Assume the loan term is 5 years. Include fees for this loan. 
Loan table 
 
o  #6  What will the car repayments cost you each month if you have a 10% deposit (using loan 
B)? 
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General Mathematics Preliminary 
Focus Study: Driving 

 
 

  
 

Name: __________________________ 
 

Class Teacher: ___________________ 
 
This task has been split up into Checkpoints to assist you in completing all components 
Date for Checkpoint 1 Term 1, Week 5 24th  February 2017 
Date for Checkpoint 2 Term 1, Week 7 10th March 2017 
Date for Checkpoint 3 Term 1, Week 9 24th March 2017 
 
Submission of Assignments: 
All checkpoints are to be submitted in class on the 
due date. 
 
 
 
 
Booklets: 
This assignment has been prepared as a booklet 
for your convenience. You will be issued one 
booklet only.  
 
 
You may decide to submit your assessment task in a folder or as each part. 
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#2.	Can	I	See	Your	Licence	
Please?	

 
In NSW, there are different classes of licences. Give an overview of the different types of car licences, how 
to qualify for them, their cost and the restrictions of each type. (You may wish to present this in table 
format) 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………
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Checkpoint	One	Mark	Sheet	
#	 Title	 Marks	

Your	mark	 Possible	
marks	

Cover Name, Teacher’s Name  2 

1 Vocabulary Worksheet  20 

2 

Can I see your Licence please?  

16 
 Name How to qualify Cost Restrictions 

Car Ls     
Car P1     
Car P2     

Car full     

3 

Pick a car, any car….. 

 26 

Organised Rio Civic Yaris Mazda Student 
Price      

Picture      
Model      
Auto/ 

manual 
     

Eng Size      
Fuel 

capacity 
     

Fuel 
consump 

     
Tyres      
Safety      

Features      
Evidence      

And the winner is….. 
Choice made (1) Justification (3) 

4 
On the road again………… 

 4 Registration Stamp Duty 
Transfer Total 

5 Loan   6 
6 But Wait  6 

Total  80 
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Checkpoint	2	Overview 

So you have a licence, the car is picked out and you have sorted the loan but the bills just keep coming…In 
this section we look at other costs associated with having a car. 
 
o  #7. A condition of a loan is to have comprehensive insurance with you are the primary driver. Shop 
around to find the best quote. Provide evidence of these enquires (at least 2).  
http:///www.gio.com.au/car-insurance/car-quote-terms 
http://www.nrma.com.au/car-insurance/car-insurance-quotes 
http://www.commbank.com.au/personal/insurance/apply-online.html 
http://www.budgetdirect.com.au/car-insurance/index.html 
 
 
o   #8. What will this car cost to own and run for 2 years? You need to include the cost of registration 
(including CTP green slip), comprehensive insurance, 3 services, driver’s licence (assume you have one 
year on your red P’s and one on your green p’s which you get first time), one new set of tyres and fuel for 
40,000kms (20 000km / year) and loan repayments.You may wish to use a spreadsheet/worksheet to show 
this information clearly. 
Note: If your car is more than 5 years old it will also need a pink slip. 
Extension task: You may choose to further develop your costing by considering special services such as air 
conditioning re-gassing, etc.  
 
o   #9. How much would you need to budget each week to run this car? 
 
o   #10. Construct a straight line depreciation graph and declining balance depreciation graph for your car 
on the same set of axes, given the vehicle depreciates by $3,000 or 20% per annum. 

Time Value using straight line 
depreciation at $3,000 p.a. 

Value using declining 
balance depreciation at 
20%p.a. 

After 1 Year 
 

  

After 2 years 
 

  

After 3 years 
 

  

After 4 years 
 

  

After 5 years 
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#1.	Vocabulary	Worksheet	
In relation to your maths assignment on driving, write a definition for each of following terms. 

1 Blood Alcohol Concentration  

2 Blue Slip  

3 Braking Distance  

4 Comprehensive Third Party Insurance  

5 Depreciation  

6 Fuel Consumption  

7 Fully Comprehensive Insurance  

8 Green Slip  

9 Notice of Disposal  

10 On Road Costs  

11 Pink Slip  

12 Reaction Time  

13 Reducing Balance Loan  

14 REVS check  

15 Salvage Value  

16 Speed  

17 Stamp Duty  

18 Stopping Distance  

19 Third Party Property Damage 
Insurance  

20 Transfer of Registration  
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Checkpoint	Two	Mark	Sheet 

#	 Title	 Marks 
Your	mark	 Possible	

marks	

7 

Just In Case  

24 

 1st Quote 2nd Quote 
Insurance Company’s 
Name 

  

Student as driver   
Car Details same as #3   
Post Code relevant   
Garaging details   
Evidence of research   

8 

Money, Money, Money………..  

26 

 1St Year 2nd Year 
Registration   
Comprehensive Insurance   
3 Services 3 Services: 
P1 Driver’s Licence   
P2 Driver’s Licence   
Tyres    
Fuel (20000km/year x 2 
years) 0r 40000km 

Working out Answer 

Loan   
Total for 2 years  

9 So what will it cost? 
One mark for working out, one mark for answer 

 4 

10 

Is it worth it?  

36 

 Table 1 Table 2 
Start Price   
Working Out   
5 Years   
Final Price   
 Graph 1 Graph 2 
Title   
Labels   
Scale   
Plotted points   
Trend apparent   

Total  90 
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Checkpoint	3	Overview 

 
In this checkpoint you must complete worksheets for issues that affect driving. 
These are: 
 
o   #11. Stopping distances 
o   #12. Blood Alcohol Concentration 
o   #13. Motor vehicle accidents 
Suggested resource: http://lrrpublic.cli.det.nsw.edu.au/lrrSecure/Sites/LRRView/6441/#tabs-2 
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#10.	Is	it	worth	it?	
 
Construct a straight line depreciation graph and declining balance depreciation graph for your car 
on the same set of axes, given the vehicle depreciates by $3,000 or 20% per annum. 
 

Time Value using straight line 
depreciation at $3,000 p.a. 

Value using declining 
balance depreciation at 
20%p.a. 

After 1 Year 
 

  

After 2 years 
 

  

After 3 years 
 

  

After 4 years 
 

  

After 5 years 
 

  
 

 
Working out:…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………… 
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Calculating an estimate for a zero BAC  
 

Using the example above, we have seen that even after sleeping, Claire’s BAC is still too high. 

To work out an estimate for how long it will take for your BAC to return to zero, we use the same 
formula, but instead we set the BAC to 0, and solve for the H (the number of hours of drinking) 

   BAC Female  =     !"!!!.! !
!.! !  

                                                      0    =     !"!!!.! !
!.! !  

                                         0  = 10N – 7.5H 

                                                    7.5H      = 10N 

     H =    !"!!.!  

Using Claire’s details from the previous page to get an estimate for how long she must wait to 
have a zero BAC: 

     H  =    !" ×!
!.!  

     H =    12 

This tells us that Claire needs to wait for approximately 12 hours from when she started drinking to 
safely drive home. So since Claire started drinking at 7pm the evening before, she is unable to 
drive until 7am in the morning at the earliest (remember this formula is an approximation only). 
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Checkpoint	Three	Mark	Sheet 

#	 Title	 Marks 
Your	mark	 Possible	

marks	

12 

 
 
 
                Stopping Distances 
 

 

31 

13 

 
 
 
 
  
        Blood Alcohol Concentration 

 

42 

14 

 
 
 
 
 
                Motor Vehicle Accidents 
 

 

34 

Total  107 
 

Comments	from	the	marker:	
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Your	Say…….	
What did you think about this assignment? Were the questions relevant, too hard, 
too long,……………?? 
 
 
 
 
 
 
What issues did you experience completing this assignment? 
 
 
 
 
What did you learn be completing this assignment? 
 
 
 
 
If you did it again, what would you change? 
 
 
 
 
Was the booklet a good idea? 
 
 
Did you like getting the whole assignment at the start? Did this make a difference to 
your planning to complete the whole task? 
 
 
Do you like the Checkpoints? 
 
 
 
Other comments? 
 
 
 
  
 
Name: 
 
	

General	Mathematics										Preliminary	Course											Mathematics	and	Driving		
	

Newtown	High	School	of	the	Performing	Arts					2017	 Page	42	
	

Returning your BAC to zero 
 
There are many misconceptions about returning your BAC to zero quickly. Some people believe 
drinking coffee, having a shower or eating a large meal will help the alcohol leave your body 
faster. However these methods do not work. A small amount of alcohol leaves your body through 
sweat and urine, but the majority of it is broken down by your liver. A healthy liver is able to break 
down less than one standard drink per hour, so if your liver is damaged in any way, it will take 
even longer. 
The only way to ensure you have a BAC of zero before driving is to wait. Drivers on their 
provisional plates are often booked for drink driving the morning after going out as there is still a 
significant amount of alcohol in their blood stream. 
 
Consider the following: 
Claire (52kg) is on her provisional licence and decides to go out for a friend’s 18th and consumes 6 
mixed drinks between 7pm and 12am. Each mixed drink is equivalent to 1.5 standard drinks. 
Claire is worried about driving to work at 6am and thinks she might still have alcohol in her system 
then. Is she right? 
 
Solution: 
Step 1: Calculate Claire’s BAC at 12am when she stops drinking. 
N = number of drinks = 6 x 1.5 = 9 standard drinks 
H = hours of drinking = 5 
M = mass = 52kg 
  
BACClaire  =  !"!!!.! !

!.! !  
 
                =  !"×!!!.! ×!

!.! ×!"  
                = 0.184 
So after 5 hours drinking, Claire is over the legal limit for a full licenced driver, let alone a P-Plater! 
 
Step 2: Claire needs to drive to work at 6am, will she be over the limit by then? 
By 6am, 11 hours will have passed since Claire started drinking. 
BAC = !"!!!.! !

!.! !  
        
        = !"×!!!.! ×!!

!.! ×!"  
 
        = 0.026 
So while Claire is closer to zero, it is still not safe for 
her to drive. 
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A-13. IB Mathematics Standard Level Task: Draft
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A-14. IB Mathematics Standard Level Task: Final
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A-15. IB Mathematics Standard Level Task: Grading

Title!	Modelling	shooting	in	netball	
	
	
Criterion	 A	 B	 C	 D	 E	 Total	

Achievement	level	
awarded	 4	 3	 3	 2	 6	 18	

Maximum	possible	
achievement	level	 4	 3	 4	 3	 6	 20	

	
	
Comments	
	
Criterion	A!	Communication	
	
A4	–	The	paper	is	well	organised,	coherent	and	concise.	
	
Criterion	B!	Mathematical	Presentation	
	
B3	–	Appropriate	throughout	the	paper.	Tables,	graphs	and	formula	are	used	
very	well	throughout	the	paper	
	
Criterion	C!	Personal	engagement	
	
C3	–	There	is	evidence	of	significant	personal	engagement	throughout	the	paper.		
The	student	has	looked	at	the	problem	in	a	creative	manner.	
	
Criterion	D!	Reflection	
	
D2	–	there	is	evidence	of	meaningful	reflection	throughout	the	paper.	
	
Criterion	E!	Use	of	mathematics	
	
E6	–	Relevant	mathematics	commensurate	with	the	course	was	used	and	the	
mathematics	is	correct.		Thorough	knowledge	and	understanding	is	
demonstrated.	
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A-16. IB Mathematics Higher Level Task
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A-17. Chesham House Year 7 Incursion Task
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A-18. Elm Park High School Notices
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Notification of Assessment: Year 7 Notification of Assessment: Extension 1

Notification of Assessment: Extension 2Notification of Assessment: Year 9
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A-19. Moorgate Secondary College Task Cards

Level M3 Algebraic Equations task card.
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A-20. Importance of Skills Interview Prompt
������������������������������ Elizabeth - Osterley High School

��������������������������� Daniel - Elm Park High School
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