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This paper reports part of a study of the changing nature of school mathematics. The study uses the question papers of high stakes examinations as a window on the discourse of school mathematics. An analytic framework, using tools drawn from social semiotics (Morgan, 2006) and from Sfard (2008), has been developed to characterise this discourse. Here part of the framework is presented, addressing the ways in which students are positioned in relation to mathematical activity. Analysis of question papers from two different years focuses on the presence of agency. 
Over the last decades there has been public and academic concern in many countries about the nature and standards of school mathematics. This concern has frequently driven revisions of curriculum and examinations, yet there are contradictory opinions about the effects of reforms. The project “The Evolution of the Discourse of School Mathematics through the Lens of GCSE examinations”
 aims to investigate changes in school mathematics in England over the last three decades by analysing the discourse in which students are expected to engage in order to be judged to be successful in mathematics. We use national examinations taken by the vast majority of students in England at the end of compulsory schooling (age 16), the General Certificate of Secondary Education (GCSE) as our window onto the nature of school mathematics. The GCSE is widely used as a qualification for entry into further education and employment and its results are used to rank schools. It thus has high significance for students, teachers and school administrators. The existence of an intimate relationship between high stakes examinations and curriculum and pedagogy has been well established (e.g., Broadfoot, 1996) and has been an explicit focus of debate about the design of assessment tasks for school mathematics (e.g., Bell, Burkhardt, & Swan, 1992). Therefore, although the discourse of examinations has distinct characteristics, we see changes in examinations as a good index of changes in school mathematics. High-stakes examinations such as the GCSE play an important role in the mathematics that students experience, influencing the content of teaching, the ways tasks are defined and the kinds of student responses that are valued.

Rather than comparing syllabi or teaching methods, we seek to probe deeply into the nature of the mathematical activity construed by examination texts and expected of students by developing and applying a discourse analytic approach, drawing on social semiotics (Halliday, 1978; Morgan, 2006) and Sfard’s theory of mathematical thinking as communicating (Sfard, 2008). Studying discourse in this way allows a subtle characterisation of the nature of mathematics and of student mathematical activity construed through the forms of language used. We argue that the analysis of change produced by this approach will provide insight into how changes in curriculum and assessment may affect students’ mathematical learning. In this paper, we present one small part of our developing analytic framework, focussing on the way in which agency in mathematical activity is construed and how this affects students’ positioning within the practice of school mathematics. 

Language, Mathematics and Assessment

Our theoretical perspective on the relationship between language and mathematics sees difference in the form of language to be associated with different construal of the nature of mathematics and mathematical activity (Morgan, 2006; Schleppegrell, 2007). Indeed, doing mathematics can be considered as participating in forms of communication endorsed by a mathematical community (Sfard, 2008). Within the literature on assessment, concern has generally been with the effects of language on the difficulty of tasks. For example, studies of examination questions have identified factors such as the structure of the question, use made of diagrams and technical notation and language (e.g. Fisher-Hoch, Hughes, & Bramley, 1997) to affect the difficulty of questions. Shorrocks-Taylor and Hargreaves (1999) summarise the findings of research into the syntactic aspects of mathematical text that may make reading more difficult. The findings of such studies have been used by the English examination boards in recent years to inform their design of examination questions, with the aim to reduce “unnecessary” difficulty that might be due to language issues. Our interest, however, is not simply with difficulty but with more complex questions about the ways that the mathematical activity itself is altered by changing the language used to present it. 

Student Positioning

From a social semiotic perspective, language not only construes our experience of the world but also construes our identities and relationships to each other and to our experiences (Halliday, 1978; Morgan, 2006). Powerful texts such as textbooks and examination papers provide specific positions for students, that is, ways in which students may interact with the text and act within the practice of school mathematics. Of course, it is possible for individuals to resist such positioning but the text provides a ‘natural’ way of reading (Hodge & Kress, 1993). Previous studies of school mathematics texts have identified differences in the ways that students may be positioned in relation to mathematics, to their teacher or more generally in relation to social roles. Dowling (1998) characterised the ways that a textbook series for high attainers apprenticed students as potential mathematicians, while the texts for low attaining students constructed them as dependent and projected their futures as manual workers. In analyses of textbook presentations of definitions of trigonometric functions, Morgan (2005a, 2005b) identified some texts which, by making explicit the reasoning and decision making involved in forming a definition, made it possible for students to be positioned as decision makers themselves, while other texts presented definitions as absolute and unquestionable facts, obscuring any possibilities for creative human engagement in shaping mathematics. Studies of classroom interactions have also identified differences in the possibilities made available for students to engage in mathematical forms of discourse as well as in the kinds of relationships established between teachers and students (Atweh, Bleicher, & Cooper, 1998; O'Halloran, 2004). We are interested in the kinds of positions made available for students in the examination papers we are studying and the ways in which these positions may affect the kind of mathematical activity students engage in. In the next section we outline the analytic tools we use to investigate positioning.
Analytic Framework

For the project as a whole, we are developing an analytic framework that allows us to describe the nature of the mathematics and mathematical activity expected of students as they read and respond to the examination paper. In this paper, we focus on aspects of the framework that provide insight into the positioning of the students in relation to mathematical activity, addressing the following questions:
1. To what extent is mathematics construed as a human activity in which claims are based on the outcomes of investigations or decision-making rather than on agentless facts? We code the nature of the processes evident in the text (finite and non-finite verbs and nouns formed from verbs) and whether the agents in these processes are human beings or mathematical objects. Imperatives addressed as instructions to the student are excluded from this analysis but are considered separately (see point 2 below). We note cases where agency in mathematical processes is obscured by, for example, the use of nominalisations (nouns formed from verbs such as reflection or relation), passive voice or non-finite verb forms. Obscuring agency in such ways plays an important role in the development of mathematical objects and relations between them but also serves to alienate the student from the mathematical activity. 

2. What kinds of actions are students expected to carry out? Examinations present tasks for students to do, often expressed using imperative forms. We consider the types of tasks demanded of students to play a role in positioning them in relation to mathematics. Here we distinguish between material and mental processes, drawing on Rotman’s (Rotman, 1988) distinction between the thinker and scribbler roles implied by imperatives. The student is construed as a thinker, invited to participate in an intellectual community of mathematicians, if, for example, she is instructed to “Suppose …”, “Prove …” or “Explain …”. On the other hand, she is construed as a scribbler, carrying out a determined material process, if instructed to “Calculate …”, “Measure …” or “Write down …”.

3. What degree of responsibility or freedom is the student afforded to shape the answer? Here we consider:

a. the extent and type of decisions the student must make in order to construct an acceptable answer

b. explicit shaping of the form of the answer (by, for example, the amount of space provided to write the answer, specifying units, specifying a degree of accuracy)

Data

Our data consist of the examination question papers for the most popular syllabus published by each of two examination boards (from the three operating in England during the period) in each of 8 years between 1980 and 2011. The sampling points were chosen following a review of curriculum documents and interviews with key correspondents to identify points at which changes in curriculum or examination policy or practice occurred. Digitised versions of the question papers have been uploaded into NVivo and coded for each aspect of the analytic framework. This allows us to construct quantitative comparisons across years and to search the question papers for examples of interest.

Agency

In this paper we present some examples of our analysis of question papers from one of the examination boards for two of our sampling points, 1995 and 2011. In the space available here we are only able to discuss the first aspect of the framework identified above: the nature of agency evident in the text.

Table 1 summarises the agency in different kinds of processes found in the question papers for each of the two years. We have coded the processes as mathematical (e.g. estimate, measure, reflect), non-mathematical (e.g. buy, share, exercise) or verbal (denoting any form of communication e.g. show, draw). The same word may be coded differently depending on context. So, for example, the process pass in the sentence John passed the finish line in 12.2 seconds would be coded as non-mathematical, while in the sentence The line passes through the point (2,4) it would be coded as mathematical because such a sentence is clearly part of a mathematical register. The frequency of relational processes (e.g. be, have) is also noted. These processes do not involve agency but assert identities or assign properties to objects.

Most of the processes coded as non-mathematical occur in questions presented in “real” contexts, for example, a 1995 question involving probability starts with a description of a non-mathematical context: 
Some pupils have thought of a game to use at a school fair.

A tennis ball is rolled down a slope into one of eight holes. (1995)

In this example the process thought is coded as non-mathematical with human agency, while rolled is coded as non-mathematical with obscured agency. The overall proportions of non-mathematical processes in the two years are similar. While there are notable differences in the type of agency for these processes between the two years, we are more concerned in this paper with agency in mathematical processes.
Table 1: Agency and processes in examination papers

	agent type
	process type
	1995
	2011

	obscured agency
	mathematical
	26
	(19%)
	7
	(8%)

	
	non-mathematical
	21
	(15%)
	8
	(9%)

	
	verbal
	12
	(9%)
	4
	(4%)

	
	all
	59
	(43%)
	19
	(21%)

	mathematical object as agent
	mathematical
	7
	(5%)
	3
	(3%)

	
	verbal
	13
	(10%)
	13
	(14%)

	
	all
	20
	(15%)
	16
	(17%)

	human agent
	mathematical
	6
	(4%)
	0
	(0%)

	
	non-mathematical
	23
	(17%)
	23
	(25%)

	
	verbal
	1
	(1%)
	1
	(1%)

	
	all
	30
	(22%)
	24
	(26%)

	
	relational
	27
	(20%)
	33
	(36%)

	
	total
	136
	(100%)
	92
	(100%)


There is a substantial change between the two years in the extent of the use of processes in which the agency is obscured, mainly by use of the passive voice. In 1995 43% of all the processes in the text were presented without explicit agents, while in 2011 only 21% were without agents. This change appears consistent with the examination board’s aim of improving the readability of the text. It is commonly perceived that texts involving extensive use of passive voice are difficult to read, though there are strong arguments for the importance of the rhetorical role played by passive voice and indications that in some cases it may actually increase readability (e.g. Riley, 1991). It is interesting to note, however, that the 2011 reduction in processes in which agency has been obscured does not seem to have been achieved by rewriting passive sentences in the active voice, as there is not a comparable increase of processes with either mathematical or human agents. Rather, the proportion of relational processes has increased. How may we interpret this difference in terms of how students may be positioned in relation to the subject matter?

Obscuring agency through the use of passive voice and nominalisation functions as a form of alienation, distancing the student from the mathematical activity. By hiding the role of the human mathematician, the mathematical processes appear to be beyond human control, possibly making it more difficult for a student to position themselves as potential active participants in relation to these processes. Moreover, a statement such as 

At C, a tangent to the circle has been drawn. (1995) 
presents the drawing of the tangent as an unquestionable fact rather than an act that has been carried out purposefully by a human mathematician. Of course, the author of the question in which this statement occurred made a decision to draw this tangent with the intention to prompt the student to display particular forms of mathematical knowledge. However, the absence of the author’s explicit agency hides the significance of the decision and the intention behind it. Nevertheless, this statement does involve the material act of drawing to produce a tangent and indicates by the use of the past tense that this act has taken place as part of a sequence of acts. This temporality has potential to include the student’s response to the question as part of the sequence, thus positioning the student as a possible actor in a mathematical narrative.

On the other hand, the use of relational processes, as found more frequently in 2011, removes all reference to mathematical actions. For example, the information provided in one question:

In the diagram,

ABC is a triangle,

angle ACB=90°,

P lies on the line AB,

CO is perpendicular to AB.

(2011)

presents the triangle and its attributes as absolute facts with a timeless, completely autonomous and apparently arbitrary existence. This seems to distance the student even further from any possibility of constructing such mathematical objects themselves or questioning the reasons for the properties presented.

We consider the presence of explicit human agency in mathematical processes to play an important role in positioning students as potential members of a mathematical community. As may be seen in Table 1, there are a few instances in 1995. A question about statistics, for example, includes the following:
Sam took a sample of 80 pupils.

Explain whether or not he should have sampled equal number of boys and girls in Year 8. (1995)
In this example, a sample is construed as the product of activity by a human being, who may even be perceived as being a young person with whom the student might identify (Sam being a diminutive – and hence informal - given name). Moreover, the action demanded of the student construes mathematical activity as involving decision making and justification. It also positions the student as able to evaluate the action that Sam “should have” done. (There is not space in this paper to consider further the actions expected of students. This will be the subject of future work addressing point 2 of the framework provided above.)
In the 2011 question papers, we identified no instances of human agency in mathematical processes. (As noted above, this analysis omits the processes demanded of students in imperatives, which clearly construe the student-addressee as agent.) Given the small numbers involved and the fact that the 2011 papers contain a lower proportion of mathematical processes overall, we cannot be confident in drawing conclusions from this about differences between the years in the explicit presence of human agency in mathematical processes.
Conclusion
In this paper we have presented a preliminary analysis of examination question papers from two year, demonstrating the application of one part of our analytic framework to consider how students may be positioned in relation to mathematics. This analysis suggests that, although some of the linguistic features that contribute to alienation from mathematical activity (passive voice and nominalisation) have been reduced between 1995 and 2011, the increase in the use of atemporal relational statements contributes to a continued, and possibly reduced, absence of human agency in the way that mathematical activity is construed. The size of the sample considered so far is too small to draw definite conclusions about how this may have changed the nature of school mathematics discourse but the analysis presented here indicates issues that we intend to address in our analysis of the full sample of examination papers. 
The reduction in the use of passive voice and nominalisations seems likely to be the result of deliberate attempts by the examination boards to reduce sources of reading difficulty such as those identified by Shorrocks-Taylor and Hargreaves (1999). (See also Morgan, Tang & Sfard (2011) for a discussion of reduction of grammatical complexity.) These grammatical features are characteristic of advanced scientific and mathematical discourse (Halliday & Martin, 1993). The question of how such changes to the linguistic form may affect the kinds of mathematical activity in which students engage is a focus of our on-going project.
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