Amy O'brien 
email: amy.l.o'brien@kcl.ac.uk
  
The conditions for the formation of numeracy and related terms

Keywords: Numeracy, mathematical literacy, quantitative literacy, discourse analysis

 archaeological method has been drawn upon to help determine the conditions of the formation of numeracy and related terms. It is concluded that other terms and definitions, with a more critical or social justice lens have been displaced by those that have a focus on competencies and skills, which has impacted on policy and practice.

Introduction

Numeracy has gained considerable importance in recent years, with its focus not only being on the numeracy skills of school children, but also those of adults and pre-schoolers. Indeed, Andreas Schleicher of the OECD is cited as saying that "good numeracy is the best protection against unemployment, low wages and poor health" (National Numeracy, 2017, para.1). Given its apparent importance in society and the focus of governments, policymakers, learning societies, schools, and other agencies on ensuring good levels of numeracy in the population, then questions regarding exactly what numeracy is, where it has come from, and which authorities legitimised its mainstream use in mathematics education, should be examined to ascertain how numeracy is used at present. This paper sets out to explore the origins of numeracy using [START_REF] Foucault | The archaeology of knowledge[END_REF] archaeological approach to consider how numeracy has emerged, how it has come to be an object of interest, the experts who have made the term 'sayable and repeatable' [START_REF] Mcmahon | Foucauldian archaeological analyses[END_REF], and why certain terms or definitions have dominated, while others have gained little space. To do this, a thorough review of academic texts and journals containing the term numeracy and related terms has been conducted, with the origins and definitions of these terms being traced in both the context of policy and mathematics education. The paper then discusses the terms which are being 'excluded' or 'displaced', while others are given more attention in political and education domains, with questions over why this is the case. The study focuses on literature from different cultural contexts, yet draws heavily upon literature within the anglosphere, and is situated in relation to the author's Ph.D. thesis on policy analysis within England. The novel contributions from the study are two-fold: the methodological approach itself (not commonly used within the research paradigm), and the new insights on the topic of numeracy, that build upon research conducted by [START_REF] Karaali | What's in a name? A critical review of definitions of Quantitative Literacy, numeracy, and quantitative reasoning[END_REF], [START_REF] Niss | Mathematical literacy[END_REF] and [START_REF] Jablonka | The evolvement of numeracy and mathematical literacy curricula and the construction of hierarchies of numerate or mathematically literate subjects[END_REF]. [START_REF] Foucault | The archaeology of knowledge[END_REF] archaeological analysis, which seeks "to describe how certain ways of knowing something come to dominate, displace, resist, exclude, or facilitate alternative ways of knowing the same thing" (McMahon & Harwood, 2016, p. 1), is the main approach used in this paper. By drawing upon [START_REF] Foucault | The archaeology of knowledge[END_REF] rules of regulations, alongside [START_REF] Scheurich | Policy archaeology: A new policy studies methodology[END_REF] different arenas for policy archaeology, this paper will set to answer the following research questions: (1) how and when did numeracy and related terms first emerge and become defined; [START_REF] Kinney | Why Teach Mathematics? The Mathematics Teacher[END_REF] what were the conditions under which numeracy and related terms became objects of scientific interest; (3) which experts or authorities legitimised the use of these terms and definitions; (4) why have certain terms and/or definitions come to dominate, while others have been displaced, resisted or excluded.

Methods

The first step in this archaeological analysis was to create an archive (Bourke & Lidstone, 2015) of relevant documents and texts in which numeracy, and the related terms quantitative literacy, mathematical literacy, matheracy and mathemacy appear. To build the archive, a systematic search using existing academic literature that has investigated the emergence of numeracy and related terms as their topic of interest has been reviewed. Following this, tools such as google corpus and google scholar were used to trace the earliest term usage in academic texts, which resulted in some new discoveries of the emergence of terms not previously mentioned in mathematics education literature. Despite attempts to be thorough, it is not possible to have a complete archive, as documents may be lost, difficult to access or unknown of.

The second step involved collating data from documents regarding the author and place of publication, the context of the term usage, statements included in the documents that reference numeracy or related terms, and the date in which the document was published. This enabled the author to create a timeline for term usage, as well as a mapping of where terms originated, both regarding the location, and the institution. Next, the definitions themselves, were considered, either implicitly from the term usage, or explicitly if defined in the text. This then created the 'statements' [START_REF] Foucault | The archaeology of knowledge[END_REF], the units of measure, for the archive, which served as the basis for analysis.

The third and final step, to paraphrase [START_REF] Ball | What is policy? texts, trajectories and toolboxes[END_REF], involved borrowing from the Foucauldian toolbox.

Here, the tools used were [START_REF] Foucault | The archaeology of knowledge[END_REF] rules of formation, McMahon and Harwoods (2016) interpretation of these rules, and [START_REF] Scheurich | Policy archaeology: A new policy studies methodology[END_REF] Arenas I and II from his policy archaeology. Together, these tools were used to analyse the statements and metadata which were collected in step three. Bringing this all together, the four research questions can then be addressed.

Summary of the Origins of Numeracy and Related Terms

The first step of the analysis was inspired by [START_REF] Scheurich | Policy archaeology: A new policy studies methodology[END_REF] Arena I, the education problem arena, and involved a summary of the origins of numeracy and related terms as a means of determining 'how the social problem was made manifest, nameable, and describable' (p. 300).

Mathematical Literacy (ML)

The term that appears earliest in the archive is 'mathematical literacy'. Its earliest emergence known was found by [START_REF] Karaali | What's in a name? A critical review of definitions of Quantitative Literacy, numeracy, and quantitative reasoning[END_REF], who state the term was first used in a report written to the Social Research Council by [START_REF] Brigham | Examining fellowship applicants: A report made to the social science research council on the method of selecting fellows for first-year graduate study[END_REF] of Princeton University in the USA. The report is regarding the Scholastic Aptitude Test, which offers a measurement of ML. [START_REF] Karaali | What's in a name? A critical review of definitions of Quantitative Literacy, numeracy, and quantitative reasoning[END_REF] state that the term was used to denote the fundamentals of arithmetic, algebra, and some geometrical reasoning, however, no formal definition is given. Through the literature search, further uses of the term which have yet to be discussed in other academic literature have been found in journal articles published by the National Council of Teachers of Mathematics (NCTM) in the USA. In articles written by [START_REF] Kinney | Why Teach Mathematics? The Mathematics Teacher[END_REF][START_REF] Kinney | The reorganization of mathematics for the emergency[END_REF][START_REF] Kinney | Consumer mathematics and liberal education[END_REF], there is initially a discussion around the needs for the 'citizens of tomorrow' to have mathematical skills and procedures needed to deal with personal affairs and that the level of ML required is rising [START_REF] Kinney | Why Teach Mathematics? The Mathematics Teacher[END_REF]. Following this article, he then argues that given the recent war efforts ML is needed in the armed forces and industry. He goes on to say that those with low ML ought to be targeted, with the outcome to be achieved in schools being for all to be mathematically literate [START_REF] Kinney | The reorganization of mathematics for the emergency[END_REF]. After the reports by [START_REF] Kinney | Why Teach Mathematics? The Mathematics Teacher[END_REF][START_REF] Kinney | The reorganization of mathematics for the emergency[END_REF], the NCTM (1944) published their First Report of the Commission of Post-War Plans, in which mathematical literacy is addressed more explicitly, but its definition is still unclear. This is clarified in their Second Report (NCTM, 1945), where a checklist (pp. 197-198) of 'competencies' is given regarding what students ought to know, including details of what knowledge and skills students ought to have, as well as the mathematical requirements for his job or personal affairs. This corroborates Niss & Jablonka's (2014) account, who state that the first usage of ML is by the NCTM in 1944 (albeit two years later).

Numeracy

The term that appears to originate next is numeracy. It is widely accepted that it is within the Crowther Report (1959) in the UK that the term is first used [START_REF] Karaali | What's in a name? A critical review of definitions of Quantitative Literacy, numeracy, and quantitative reasoning[END_REF]. However, the term mathematical literacy briefly appears in a paper in the Mathematical Gazette in the UK by [START_REF] Maclean | Why teach mathematics?[END_REF], which predates numeracy, yet numeracy has become more commonly used in the UK. Within the report, [START_REF] Crowther | The Crowther Report: 15 to 18: A report of the central advisory committee for education (England). Her Majesty's Stationery Office[END_REF] details how the term numerate is the mirror of literacy when comparing arts specialists to science specialists, with the definition arising from the quote "when we say that a historian or a linguist is "innumerate" we mean that he cannot even begin to understand what scientists and mathematicians are talking about" (p. 270). Here, Crowther is talking about 5th and 6th formers (15-18-year-olds) who are no longer in compulsory education.

As with mathematical literacy, the definition of numeracy in its first instantiation goes beyond simply understanding number, or the dictionary meaning. Indeed, this has been noted by [START_REF] Karaali | What's in a name? A critical review of definitions of Quantitative Literacy, numeracy, and quantitative reasoning[END_REF], who suggest that at this point numeracy had less to do with procedural knowledge and understanding, and more to do with comprehension and parallels with scientific thinking. Further, Withnall (1994) states that a sophisticated understanding of mathematics and science is implied within the definition. Yet, this definition shifts, with a diffraction in meaning seen in the Cockcroft Report [START_REF] Cockcroft | The Cockcroft report: Mathematics counts. Her Majesty's Stationery Office[END_REF], which explicitly states the meaning has moved away from its association with science, to the then dictionary definition of being able to perform basic arithmetic operations. Later, [START_REF] Cockcroft | The Cockcroft report: Mathematics counts. Her Majesty's Stationery Office[END_REF] posits a new definition with two attributes: the first being an at-homeness with numbers and an ability to use mathematical skills in everyday life, and the second being an ability to appreciate and understand mathematical information. There is a further evolution again when considering definitions from the OECD, such as the one used in 2009, which defines numeracy as the skills and knowledge needed to respond to a diverse range of situations [START_REF] Niss | Mathematical literacy[END_REF].

Quantitative literacy (QL)

Quantitative literacy (QL), like its sister term mathematical literacy, originated in the USA. It emerged slightly later than ML, in the 1950s, in curriculum materials for a "universal mathematics", which was sponsored by the Committee on the Undergraduate Program in Mathematics of the Mathematics Association of America (MAA) [START_REF] Karaali | What's in a name? A critical review of definitions of Quantitative Literacy, numeracy, and quantitative reasoning[END_REF]. However, a definition does not surface until 1989/90 during a joint project funded by the American Statistical Association and NCTM, which is titled the Quantitative Literacy Project [START_REF] Scheaffer | The ASA-NCTM quantitative literacy project: An overview[END_REF]. [START_REF] Niss | Mathematical literacy[END_REF] report that it was first used by the NCTM (1989) when describing the goals of the project, which were: "(1) that they learn to value mathematics, (2) that they become confident with their ability to do mathematics, (3) that they become mathematical problem solvers, (4) that they learn to communicate mathematically, and (5) that they learn to reason mathematically" (p. 5).

Although this definition differs to numeracy and ML, it is argued that all three terms are used interchangeably and all stress the usefulness and ability to use mathematics in a range of contexts [START_REF] Niss | Mathematical literacy[END_REF]. This contrasts with the next two terms, as follows.

Matheracy/mathemacy D'Ambrosio ( 1985) is often credited with first using and defining the term matheracy, yet he states that he borrowed it from Tadasu Kawaguchi. Further investigation into this was challenging due to the language barrier presented when reviewing related literature, however, Nagasaki (2012) sheds some light on this. She states that matheracy was derived from ML and was advocated by the president of the Japan Society for Mathematics Education (JSME), Kawaguchi, in 1983. Matheracy at the time was used to describe an idea for designing curricula based on mathematical cognitive activities, with a focus on problem solving.

It is argued that this is quite different to D'Ambrosio's (1985) use of the term. In his earlier writing, he uses the phrase 'unmatheracy', which he claims is quite rare when compared to illiteracy, but at this point does not give an explicit definition. D'Ambrosio continues to use the term and later gives a formal definition, with matheracy meaning "the capabilities of drawing conclusions from data, making inferences, proposing hypotheses, and drawing conclusions from the results of calculations are as important as simply reading data" (1999, p. 134). The argument D'Ambrosio (1999) makes is that to restrict mathematics classroom to merely numeracy, to impoverish it, and so there is a need for the intellectual and critical posture, which he claims is absent from the classroom.

The justification to bring mathemacy here too, is there is a lot of similarities with the critical lens that matheracy claims to bring in its definition. Further, [START_REF] Skovsmose | Towards a critical mathematics education[END_REF], who coined the term mathemacy, credits D'Ambrosio (1984). What is unclear is whether there is a deliberate change in spelling, so to distinguish mathemacy as a new term, or if this was purely accidental. Skovsmose discusses in detail what he means by mathemacy, stating "mathemacy can be used for the purpose of empowerment, because it can be a means to organize and reorganize interpretations of social institutions, traditions and proposals for political reforms" (1994, p. 39). Indeed, he is arguing for mathemacy to go beyond a mirror term for literacy, and to be a sort of critical mathematics.

Analysis of conditions

Having discussed when and where the terms were coined and defined, the next step was to consider the conditions that have enabled the terms to become objects of scientific interest, and the authorities and experts who have made the terms 'sayable and repeatable'. This involved drawing upon [START_REF] Scheurich | Policy archaeology: A new policy studies methodology[END_REF] Arena II, the social regularities arena, and [START_REF] Mcmahon | Foucauldian archaeological analyses[END_REF] interpretation of [START_REF] Foucault | The archaeology of knowledge[END_REF] approach, which seeks to understand how and why some discursive formations become accepted as "truth" in ways which displace other possible knowledges.

Although the origin of the term ML may predate the documents discussed here, it wasn't until Kinney (1944) used the term to describe deficiencies of soldiers, and then more broadly the everyday person, that the term became well known. Similarly, numeracy was not well-known until [START_REF] Crowther | The Crowther Report: 15 to 18: A report of the central advisory committee for education (England). Her Majesty's Stationery Office[END_REF] used the term to describe deficiencies of fifth and sixth formers within school. In both cases, the terms are used to problematise the subjects, in these cases the soldiers and students, as lacking (or not) and positioning and dividing from others [START_REF] Foucault | The subject and power[END_REF], creating a binary: the numerate or innumerate as such. [START_REF] Foucault | The subject and power[END_REF] states that the process of "dividing processes" (p. 777) objectivizes subjects, in this case with respect to them being mathematically literate/numerate. QL is slightly different in the sense that QL is a list of competencies that students ought to possess, yet it still divides and objectivizes the subject by stating what they ought to have, therefore deeming them quantitatively literate or not. However, when we consider the terms matheracy and mathemacy, D'Ambrosio (1985) argues that 'unmatheracy' is rare, thereby going against the division of the subjects and their objectivization. Skovsmose (1994) also appears to go against this objectivization by giving the subject autonomy and power within his definition of mathemacy. In both cases, the discourses around matheracy/mathemacy are not shaped by deficits, but by problematising limiting subjects access to critical thinking and decision-making, which otherwise would empower them to change their status as being merely objectivized.

Another commonality of ML, numeracy and QL is how they became objects of scientific interest and the authorities that legitimised them. For ML and QL, both terms were used in the NCTM, a prestigious learning society in the USA. For numeracy, this was within government policy in the House of Commons in the UK. In the cases discussed, the terms came from institutions that had reputation and power to influence. Yet, with matheracy/mathemacy, it is mainly research communities, in particular, mathematics education research journals, rather than policy-related institutions that have legitimised their use.

Returning to the notion of problematisation, [START_REF] Bacchi | Why study problematizations? making politics visible[END_REF] uses this as an approach to examine how certain phenomena have become a problem, thereby dismantling objects as taken for granted truths. Here, we can see that innumeracy has become a taken for granted truth, first in the case of soldiers, then in the case of the everyday man, and then again in the case of the academic student. In each case, these problems have become known as such because of educational practices, be it formally in schools or the military, or informally through workplaces and 'everyday' situations. The purpose of the places of education are to create learned subjects who are numerate, thereby functioning in the way the state intended. Further, determining who is and is not numerate is done through continued testing and examining, using continual surveillance and record keeping [START_REF] Allen | Using Foucault in education research[END_REF]. Through this process, divergence between subjects can be seen, with historically marginalised groups often being the ones deemed to be 'the problem'. It is this positioning of the 'innumerate' and those who may be represented in this group that we ought to shine a light on, and how the need for numeracy continues to marginalise and disadvantage this group from participating, from holding power and from having autonomy both regarding how they are viewed as 'innumerate' and what consequences this labelling of innumeracy may bring. A key point regarding the terms matheracy and mathemacy is that they were coined to address these very issues of power and autonomy. It would hence seem that these terms serve to addresses the very issues of objectivization that are associated with numeracy, ML and QL. Why is it, then, that they have not been commonly used in government policy, school curricula, or large-scale international comparison tests, whereas numeracy, ML and QL have?

It seems the legitimacy of the terms matheracy and mathemacy is limited to the academic domain of mathematics education (a domain which has often had a social justice lens) and that they gain their authority from the academics who first coined the terms. Matheracy and mathemacy have become 'sayable and repeatable' in the arena of mathematics education (although one could argue not to the same extent as numeracy and QL) but not beyond this sphere. Going one step further, it could be argued that for matheracy/mathemacy to become commonly used terms beyond academia, they also need legitimisation from governments and other institutions with significant influence in how education is shaped in broader society. However, it is these same institutions, that many researchers claim, create education systems based on the surveillance, classification, and exclusion of many within them [START_REF] Ball | A horizon of freedom: Using Foucault to think differently about education and learning[END_REF]. So how can we expect such radical change in our thinking of numeracy from within the same systems that cause marginalisation and exclusion in the first place? Indeed, it is the continued questioning, analysing, and critiquing which is afforded by matheracy/mathemacy that would enable us to destabilise and look at numeracy differently in relation to ourselves and others, as well as to "identify and refuse and transgress the horizon of silent objectification within which we are articulated" (Ball, 2019, p. 133). So, despite the illegitimacy afforded to the terms matheracy/mathemacy by those who currently hold the power for change, by dismantling dominant notions of what numeracy ought to be we can begin to rethink a new numeracy.

Concluding remarks

This paper has sought out to address the conditions under which numeracy, ML, QL, matheracy and mathemacy have come to be known, sayable and repeatable. In doing so, it has been found that numeracy and QL have become the dominant terms, with ML becoming displaced by QL and matheracy and mathemacy having been resisted or even excluded. It appears the authorities who have made terms known and the location of where the terms were coined have had greatest effect on whether a term becomes dominant or not. What requires more attention is the effect that some dominant terms have in marginalising and excluding disadvantaged groups and in limiting the legitimacy of terms which promote the empowerment and autonomy of the dispossessed, while also continuing to posit alternatives to the status quo regarding numeracy [START_REF] Ball | A horizon of freedom: Using Foucault to think differently about education and learning[END_REF].

The significance of this paper is to provide a new perspective on numeracy and its evolution, especially considering its position in education policy and international tests, as well as providing a methodological approach which is less commonly used in mathematics education research. Further, the findings discussed set the landscape for the analysis of mathematics across the curriculum in secondary education in England, the focus of the author's Ph.D. thesis.