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WHERE ARE THE CHILDREN?
AN ANALYSIS OF NEWS MEDIA REPORTING
ON MATHEMATICS EDUCATION

Yasmine Abtahi & Richard Barwell
University of Ottawa, Canada

While analysis of how children are constructed in mathematics education
research discourses dates back to the 1980s, there has been much less
analysis of the construction of children in media reporting about mathematics
education. In this paper, we report our analysis of a corpus of Canadian
newspaper reports on mathematics education, focusing on the underlying
construction of (Canadian) children. We show that children are generally
constructed in broadly negative terms: they lack desirable mathematical
knowledge and perform less well than children elsewhere. We seek to explain
these findings with reference to the general framing of mathematics education
in the corpus in terms of a choice between discovery learning or going back
to basics.

INTRODUCTION

There have been numerous critiques of the way children are constructed
in the discourse of educational research, including the discourse of
research in mathematics education. Most notably, Walkerdine (1988),
drawing on broadly a Foucauldian perspective, argued that progressive
discourses construct children as developing a particular kind of innate
rationality. More recently, Valero and Knijnik (2015) have argued that
mathematics education research contributes to a discourse that requires
children to “become the desired rational, Modern, self-regulated, neoliberal
beings, who are to run current societies adequately” (p. 38). These
discourses, then, produce particular kinds of children, particularly when
refracted through curriculum and government policy:
A child-centered pedagogy and its baggage of liberating the individual,
reasoning subject actually constructs each child as a “subject.” This
“subject,” where the word starts out as meaning something like “an active
agent”, turns into a grown person who is “subject” to the power properties
of a governing state that uses “reasoning” to manipulate and control the
now-understood “subject” in its rational thinking and behavior. (Appelbaum,
2014, p.17)

Children are thus constructed as active learning beings in ways that
simultaneously requires them to become particular kinds of beings.
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Research examining the construction of children (and of teachers) in
mathematics education research and policy is well established in the
literature. There is, however, less work looking at the discourses of
mathematics education circulating in the wider public domain and, more
specifically, at the construction of children within these discourses. Our
own recent research on Canadian news media discourses of mathematics
education had shown how news reporting constructs mathematics
education in moral terms. In this reporting, one type of approach to
teaching mathematics (‘discovery learning’, itself a construction of the
news discourse) is associated with a general decline in standards, skills
and national prestige (Barwell & Abtahi, 2015). In conducting this work,
we began to pay attention to how children are portrayed. For example,
Canadian news reporting has included claims such as:

» “Canada’s student performance, formerly well above the OECD average

is now considerably less so”;

» “Canadian students are getting weaker, not better, particularly in math”;

« “our students are doing decidedly worse in math than they did a decade

ago”.

Claims like these seem to construct children rather negatively. We
therefore conducted a detailed analysis of how children and other actors
were constructed. In this paper, we report some of this work and relate
our findings about the construction of children in news reporting about
mathematics education with previous work on the construction of children
in educational and policy discourses.

LITERATURE REVIEW

News stories about general education, and mathematics education in
particular, are common and mediate public images of the education
system and its different stakeholders, such as governments, teachers,
parents and children (Leder & Forgasz, 2010). Press coverage of
educational concerns, including the position of children, is not neutral.
News stories always involve choices about what to underline and what to
leave out (Camara & Shaw, 2012). What is reported in news media shapes
and is shaped by the wider social context. Media reporting has the capacity
to influence public opinion and the way people make sense of and discuss
current issues (Scheufele & Tewksbury, 2007). The reporting of a particular
news story over time can create a storyline that comes to provide meaning
for that issue (Gamson & Modigliani, 1987). News media discourses are
likely to have a widespread impact on how children are constructed within
mathematics education by the general public.

One of the stories that we have been following in three Canadian
newspapers is about the so-called “math wars”. This story involves
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disagreement about the benefits and harms of ‘discovery learning’, which
is consistently contrasted with a ‘back to basics’ approach. Several authors
who have examined the math wars (see Schoenfeld, 2004, for a review)
argued that the underlying debate has gone on for over a century. Wright
(2012) discussed some of the criticism of Jo Boaler’s research, arguing
that the strongly entrenched positions are due to a clash of ideologies. In
particular, the arguments about approaches to teaching mathematics are
related to an underlying ideological clash between progressive and
utilitarian approaches. Utilitarian approaches emphasise the acquisition
of mathematical skills that will be of benefit in the labour market and the
economy in general. These studies provide valuable background to the
debates about mathematics education occurring in news media, although
they are reactions to the media debate, rather than analyses of the news
reporting itself.

Analyses of media reporting have noted the particular salience of
the outcomes of international comparisons, including the resulting ‘PISA
shock’, in which national scores prompt widespread public discussion of
mathematics education (Pons, 2012). The construction of children in such
debates has, however, received less attention (Gutiérrez & Dixon-Roman,
2011). In one study, Lange and Meaney (2014) looked at Australian news
coverage of national testing, and showed how children were constructed
as commodities, “with mathematics achievement being the value that can
be added to them” (p. 337). In our readings of the news reporting of the
“math wars”, we have noticed a similar negativity, as we have noted
already.

THEORETICAL FRAMEWORK: REGIMES OF TRUTH

For this research, we drew on Foucault’s theory of discourse and power.
From Foucault’s work, we have drawn specifically on his idea of the ‘regime
of truth’, which stemmed from his notion of discontinuity. Foucault (1980)
studied discontinuity in historical events —for example, discontinuity in
science of medicine or psychiatry- to show how the certain gradual
transformation of a type of discourse could profoundly transform ways of
speaking and seeing, whole ensembles of practices and, ultimately, truth
and knowledge. In particular, in relation to changes in medical discourse
over a period of only 30-years, he says: “These are not simply new
discoveries, there is a whole new ‘regime’ in discourse and forms of
knowledge” (Foucault, 1977, p. 112). He argued that such changes in
discourse and in what counts as ‘truth’ were neither a change of content
nor a change of theory; they reflect, instead, a question of “what power”
governs statements and the formation of the discourse to then produce
“what truth”. Truth in Foucault’s view is not beyond power. He explains:

truth isn't the reward of free spirits, the child of protracted solitude, nor
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the privilege of those who have succeeded in liberating themselves. Truth
is a thing of this world: it is produced only by virtue of multiple forms of
constraint. And it induces regular effects of power (Foucault, 1977, p.131)

This view of truth led Foucault to then see how each society has its
own general politics of truth: ‘the regime of truth’, understood as the types
of discourse which society accepts and makes function as true. For
example, the work of Walkerdine uncovered the regime of truth produced
by progressive approaches to mathematics education, including the idea
of children as rational beings.

Our analysis of news media discourses has so far examined the moral
dimension of a possible regime of truth, organised around a framing in
which there are just two ways of teaching mathematics (‘discovery
learning’ and ‘back to basics’), one good and one bad (Barwell & Abtahi,
2015). News framing is often organised in terms of pairs of concepts,
which readers come to see as logically connected (Price & Tewksbury,
1997). Such framings, if they become widely taken up, may become part
of a general regime of truth.

In looking at news reporting, we must, of course, ask what power
governs its production. News is, generally, a commercial business. News
reporting must respond both to the journalistic requirement to inform, and
the commercial requirement to attract readers. News, then, is not simply
‘news’; it is carefully produced to appeal to an audience and both reproduces
and shapes the way current issues are understood. Foucault’s view about
the interrelationships between the regimes of truth and discursive
formation, such as ones journalists use to frame the news, provide a way
to view the distribution of power within the dominant discourse of the
newspaper reports to see how Canadian children are constructed in news
reporting about mathematics education, in what senses they are
constructed as actors, are acted upon, and whether they are ever
constructed in a position of power.

METHOD

We examined three national Canadian print publications: the Globe and
Mail, the National Post (both daily newspapers) and Macleans (a weekly
publication), to represent a range of national news coverage. We collected
all news articles on issues related to mathematics education within a six-
month period (September 2013-March 2014). In total, we found 53
articles: 39 in the Globe and Mail, 11 in the National Post and 3 in
Macleans. We began by looking at two categories, which we called actors
and acted-ons. Actors consist of anyone portrayed in news reporting as
doing or influencing mathematics education in some active way. Actors
included teachers, government ministers, university mathematics
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educators, parents and sometimes students. Acted-ons consisted of
anyone who was portrayed as subject to mathematics education in some
way. Acted-ons included teachers (e.g., subject to the curriculum), parents
(e.g., subject to government policy) and students (e.g., subject to teaching).
For this paper, we focus on our analysis of the construction of
children. In this analysis, first we extracted from our corpus all utterances
that included the words ‘student(s)’, ‘children’ and ‘child’. We found a total
of 499 mentions in 348 statements/paragraphs. We then extracted all
clauses in which any role (actor or acted-on) was attributed to the children,
resulting in 233 such clauses. Then we looked at story lines across the
entire corpus of extracted data. We looked to see how the reports are
framed in such a way as to present particular images of children and their
actions, the power they posses (if any) and the power(s) that are acting
upon them. That is, we looked at how children were portrayed as actors
and as acted-ons, and the narratives within which these portrayals were
produced. For example, statements such as ‘the education system is to
raise student achievement in numeracy’ (Globe and Mail, 3 December,
2013) [1] or ‘Students assigned to high value-added teachers are more
likely to go to university and earn higher incomes’ both position students
as acted-ons, constructing them as passive subjects of the education
system. Along the way, we also noted the images or ways of thinking that
were being denied or repressed in these representations. During all our
analysis, we were aware that the immediate context of the construction
of children in the news was situated within a broader political context.

CHILDREN AS ACTORS AND ACTED-ONS

Our critical reading of the articles revealed a predominant narrative about
how the news media portrayed Canadian children, in relation to the
educational system, in general, and to the learning of mathematics and
their consequent and rather poor mathematical performance, in particular.
Children’s actions and reactions are framed within the broader
politicised discourse of “discovery learning” and “back to basics” we have
previously reported (Barwell & Abtahi, 2015). In the news media discourse,
mathematics education was framed as a war zone; with the newly
reformed mathematics education (i.e. discovery learning) on one side and
the push for back to basics on the other in a ‘battle that’s been brewing
for years’ (The Globe and Mail, 10 January 2014) [8]:
The battleground is fractured and the sides aren't clearly drawn, but at the
centre of the debate over so-called discovery learning is this question:
should the teacher be a stage on the stage, a guide at the side, or both?

On both sides, however, children were viewed as being in need of
help; help from the education systems, teachers, parents and so on.
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In general, we noticed an overarching storyline carrying an implicit
judgment: it is good to perform well in mathematics - for example look at
Germany, Korea, Poland and Singapore. The justification for such claims
was often connected to the broader economic prosperity of the children
(i.e., their success in future jobs) and of the nation as a whole. For example
one report noted: “student performance in math matters [..] both for
academic success and future job prospects” while not performing well
would negatively affect “the future of Canadian students and the prosperity
of the country” (The Globe and Mail 3 December 2013) [9]. The reports
then go further to elaborate what “performing well in mathematics”
means: for example, students should develop confidence and deep
conceptual understanding, know basic skills and have memorized
mathematics facts (The Globe and Mail, 28 October, 2013) [2].

To explain how Canadian children can perform well in mathematics,
they were occasionally portrayed as actors and, much more often, as
acted-ons. In the following sections, we elaborated on these two
positionings.

Children as actors in relation to mathematics and its learning

Of 233 clauses that attributed some role to the children, only 64 clauses
portrayed children as actors in relation to mathematics. Moreover, when
children were positioned as actors, they were generally constructed as
poor performers of mathematics. Other than in the eyes of the education
ministers and with the exception, at times, of students of the province of
Québec (The Globe and Mail, 6 December 2013) [3], Canadian students
are constructed as not performing well: “they struggle”, “they fail”, “their
abilities decline”, “they get weaker” “they worsen” and finally “they lose
ground”. Children are also constructed as not knowing how to do
mathematics, as in the following examples:

« “this [a word problem about apples] appears to be a fairly straightforward,
multi-step operation, right? Not so fast. This is the type of math question
that a great many Ontario Grade 6 students had trouble with according
to the most recent EQAO provincial tests” (The Globe and Mail, 19
February 2014) [4]

« “the ability to work with such things as fractions, rates and how to convert
one measurement into another is where students commonly fall down”
(National Post 11, November 2013) [5]

« “Grade 9 students still using their fingers to calculate six times seven” (The
Globe and Mail, 12 January 2014) [6].

Students are occasionally portrayed in more successful terms,
although such instances were a minority, and often referred to students
from elsewhere in the world or to particular sub-groups of students within
Canada: for example, “Ontario student are among better performers”.

” o«
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Moreover, in many instances, positive portrayals were still couched in
relatively negative terms. In the following examples, some good
performance is contrasted with more wide-spread poor performance:
« “30 per cent of Asian students performed at the “high achieving” level in
math, compared with 16 per cent of Canadian students” The Globe and
Mail, 9 January 2014) [7].
+ “Quebec students performed heads above students from the rest of
Canada” [2]
- “Canada’s student performance, formerly well above the OECD average is
now considerably less so” [7]

Thus, Canadian students do worse than Asian students, or only do
well in Quebec, or are doing worse than previously.

Overall, then, children are constructed as actors relatively rarely (as
compared with other actors in mathematics education) and this agency is
generally constructed in negative terms of what children cannot do, or are
failing to do, or should be able to do in mathematics, often in comparison
with other, better-performing students.

Children as acted-ons in relation to
mathematics and its learning

Of 233 clauses that attributed role to children, 169 clauses portrayed
children as acted-ons. Instead of being active actors, both in the school
system and in their own learning, children were more often viewed as
acted-ons who needed to be worked on by different means and for different
reasons. As noted in one report “The great value of education is to teach
[children] skills they need to successfully find, consume, think about and
apply it in their lives”. That is: for students to become “Engaged”, “Ethical”,
and “Entrepreneurial”. They need to be prepared “for the world of dizzying
change”, or for “the real world”. The role of the educational systems is thus
portrayed as being able “to transfer expertise and real-world skills to
students”, who are constructed as passive subjects who must be moulded
into suitable forms in order to survive in the world. This construction of
children builds in both what must be done and why it must be done: children
must be prepared for the future for their own good.

More specifically, in relation to mathematics education, the education
system is there to “raise student achievement in numeracy” to “produce

” o« » o«

top students”, “to give them better foundational math skills”, “to enhance
their mathematical learning”, “to boost their outcome” and “finally to light
the spark in their students”.

In our corpus of news reports, then, the education system is
constructed as acting on students to be able to consume, think and apply.
They do so by developing curricula to be implemented by teachers, and by

testing students’ performance. Things do not always work out so nicely,
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however. Sometimes the curriculum allows open-ended student
investigation, or encourages students to work with physical materials or
to use complicated stuff (i.e. mathematical processes), all of which are
frequently portrayed in a negative light. Some other useful materials,
according to the back to basics frame, are constructed as absent from the
curriculum, such as some basic skills, including memorisation of basic facts
and standard arithmetic methods such as: “addition with a carry,
subtraction with a borrow, long multiplication and long division” (The Globe
and Mail, 12 January 2014) [6].

Children in the math wars

We have shown how children are constructed in largely negative terms in
our corpus of newspaper reports, whether as actors or acted-ons. What
might explain this portrayal? After all, we do not see such reports as
portrayals of truth, but rather as producing a regime of truth. One
explanation comes from the morality frame we have previously identified
in our corpus (Barwell & Abtahi, 2015). Morality frames have several
components, including a problem, a cause and a treatment (Entman, 1993).
The most widespread problem with mathematics education presented in
our corpus is that individual, national mathematical (and economic)
performance is in decline. The cause is generally assumed to be the use
of ‘discovery learning’ and the treatment is generally proposed as a return
to tried and tested methods -back to basics. The moral dimension of news
frames is apparent in reporting that seeks to “personalise the news,
dramatise or emotionalise it, in order to capture and retain audience
interest” (Semetko & Valkenburg, 2000, p. 96). That is, a moral dimensions
responds to the commercial need to sell papers. The moral dimension of
the framing of mathematics education in our corpus appears in the form
of a narrative of national decline (in mathematics and economically), as
well as through accounts of the suffering of students or their parents faced
with present or future failure, or discovery learning methods.

This framing helps us to understand why children should be portrayed
in such negative terms. News frames need first and foremost to identify
a problem. It is difficult to think of how a problem can be constructed in
mathematics education that does not involve a negative portrayal of
children, particularly when the most salient indicators appear to be
performance in tests or parental reports of their children’s struggles. If
performance in tests is constructed as excellent, there is not much of a
news story (unless some problematic dimension can be found).
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DISCUSSION AND CONCLUSIONS

We have argued that news reporting of mathematics education in Canada
builds a regime of truth in which children are necessarily constructed in
negative terms: as performing poorly in mathematics and as passive
subjects of trendy teaching methods, as promoted by misguided
mathematics teacher educators and the mathematics curriculum. Indeed,
this construction of children is a necessary consequence of the way
newspaper reporting is organised —of its politics. To recap, news reporting
needs a problem, a cause, a remedy and a moral judgment. Hence, in
reporting mathematics education, Newspapers identify children’s
performance as the problem (despite, we may add, Canadian children
being, in general terms, among the most mathematically well-educated in
the world). In this case, children are the victims, a passive, negative
construction. The cause of the problem is the ‘discovery learning’ approach
and the solution is to go ‘back to basics’. On either side of this dichotomy,
children are constructed as being subjected to mathematics teaching. It
is others who decide how children should encounter and learn mathematics:
ministries of education, business leaders, teacher educators, parents or,
in some cases, teachers. Moreover, children’s poor performance, and its
related cause, is morally bad. As a result, children come to signify or
represent moral decline.

Unlike the construction of children identified in mathematics
education research discourse, news reporting generally uses discourses
antithetical to the construction of the progressive child. There is little sign
of any liberation of children through mathematics education, or even of
the benefits of developing mathematically rational thought. Instead, the
utilitarian approaches noted by Wright are prevalent, emphasising
economic performance, individual career opportunities and mathematical
performance, rather than mathematical rationality.

The regime of truth we have started to uncover is problematic,
because news reporting does not simply produce the regime of truth, it
also recursively reflects what is circulating in wider society. That is, the
negative portrayal of Canadian children -that seems to be a deeply
entrenched structural feature of reporting on mathematics education- not
only produces a regime of truth, but also reflects the beliefs of the general
public. As mathematics educators, it is not clear to us how to respond to
this regime of truth. We would therefore like to open up a space to think
about and reflect on the type of discourses within which the MES
community constructs its own regime(s) of truth with regards to children
and their capacities. We ask if the acceptable truth(s) with which the
community of mathematics educators views the capabilities of children
clashes with those created by the news media. If a transformation of public
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discourse could ultimately transform the portrayal of children and their
learning, do we not have an ethical responsibility to make the discourses
of our community be heard?

NOTES

1. We're on it: education ministers respond to math results. By Johnson, J. The Globe
and Mail, 3 December 2013.

2. Kids can't teach themselves math. By Mighton, J. The Globe and Mail, 28 October
2013.

3. Quebec might hold the formula to better nationwide math scores. By Peritz, |. The
Globe and Mail, 6 December 2013

4. Why doing math in multiple ways helps kids. By Rodrigues, B. The Globe and Mail,
19 February 2014

5. CEO of Ontario’s student testing agency worried by five-year decline in provincial
math standard. By MacDonald, M. National Post, 11 November 2013

6. Stop bashing teachers. It's up to all of us to improve kids’ math skills. By
Vanberbutgh, |. The Globe and Mail, 12 January 2014.

7. Canadian education: The math just doesn’'t add up. The Globe and Mail, 9 January
2014.

8. Canada’s fall in math-education ranking sets off alarm bells. The Globe and Mail.
Dec. 03 2013

9. Math wars: The division over how to improve test scores. The Globe and Mail.

January 10 2074.
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TENSIONS AND DILEMMAS AS SOURCE
OF COHERENCE

Jehad Alshwaikh & Jill Adler

University of the Witwatersrand,
Wits Maths Connect Secondary Project, South Africa

As a context for professional development, Lesson study (LS) has been used
widely and differently around the world. Here, we look at LS as a community of
practice (CoP) in which teachers and researchers work together on a specific
object of learning. We highlight two ethical dilemmas that emerged in one cycle
of LS in a project in South Africa, in an attempt to explore the workings of that
CoP. Both dilemmas were sparked by mathematical errors and discussed in the
reflections after the lessons in which they occurred. The first was the teacher’s
dilemma: whether to address the learner errors that came up, or follow the
produced joint-plan. The second dilemma was the observing teachers and
researchers’ dilemma: whether to interrupt a lesson in the face of an error made
by the teacher on the board, or leave this for reflective discussion. While these
dilemmas could become threats to the CoP we show that they created
opportunities for strengthening the CoP and its coherence.

INTRODUCTION

Lesson study (LS) is seen as a professional learning community that is
structured around lesson planning, teaching and reflection where a group
of teachers, researchers or educators work together to plan a lesson on a
selected topic, teach and reflect on it. One teacher will volunteer to teach
the first lesson and the rest of the group will observe. After the reflection
on the taught lesson, a new plan will be set to teach the same topic by
another teacher with another group of learners. This planning-teaching—
reflecting—reteaching-reflecting is called one cycle of the LS. Some LS
cycles might teach the same lesson more than twice.

LS itself has different traditions and forms such as the Japanese
(Fernandez, 2002), the Chinese (Gu & Gu, 2016; Huang & Shimizu, 2016)
and Learning Study in Sweden (Marton, Runesson, & Tsui, 2004). LS has
been extensively practiced and researched in different contexts around the
world. In the Wits Maths Connect Secondary (WMCS) project in South
Africa we have developed a LS process adapted to our context. We conduct
LS to support ongoing professional learning of teachers who previously
participated in Mathematics for Teaching courses within the WMCS (see
below). We have adapted and shaped LS activity to suit our contextual
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conditions, and have shown that notwithstanding its different forms and
functions, the WMCS LS is a learning space for both teachers and
researchers (Alshwaikh & Adler, 2017), thus confirming research findings
elsewhere (e.g. Lewis, 2016). LS is a productive space where knowledge
and practice are co-produced by researchers, teachers and learners
working together.

In this article, we explore on the functioning of our LS focusing on
the team of teachers and researchers as a community of practice. We
bring ethical dilemmas encountered during one cycle in LS into focus, and
how these tensions between community participants played out in the CoP.

STUDY BACKGROUND AND RESEARCH QUESTIONS

Education in post-apartheid South Africa has been focused on overturning
the damages and inequalities of apartheid education, and in the first
decade emphasis was on opening access and equity (Venkat, Adler,
Rollnick, Setati, & Vhurumuku, 2009). In the past decade, given increasing
evidence that access had increased dramatically, this was not coupled with
equitable quality in the system. Low learner performance particularly in
poor communities and schools brought increased attention on teachers’
knowledge and practice (For a detailed analysis of the SA mathematics
education context see Adler and Pillay (2017)). The WMCS project emerged
in this latter decade and has worked in its first phase (2010-2015) to
support teachers in improving their mathematical knowledge for teaching
(MKT) and their teaching practice too. WMCS offers a 16-day MKT course
(Transition Mathematics -TM) at the University of the Witwatersrand,
focused mainly on mathematical content, with some but less time on
teaching mathematics, and then follow up LS in some school clusters.

The WMCS has adapted LS as a medium for teacher professional
development. We conduct LS to support ongoing in-school professional
learning of teachers who previously participated in the WMCS TM courses.
One of our adaptations is the theoretical lens on teaching that we bring
into this work. We have developed a socio-cultural framework for describing
and interpreting shifts in teaching practice, called mathematical discourse
in instruction -MDI. MDI has been developed over time within the project,
and is grounded in the South African education context (e.g. Adler & Ronda,
2015; Adler & Venkat, 2014). The MDI framework provides a set of analytic
tools to look closely at the practice of teaching mathematics and analyse
what mathematics is offered for learners, how teachers teach and how
learners participate in their own learning. As a socio-cultural framework,
MDI privileges the development of scientific concepts (Vygotsky, 1978) in
school mathematics, and thus views mathematics as specialised connected
and coherent knowledge.
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In a nutshell, MDI focuses on four elements of a mathematics lesson.
(1) The object of learning or lesson goal, what students are expected to
know and be able to do at the end of a lesson. (2) Exemplification refers
to a sequence of examples, tasks and representations teachers use to
bring the object of learning into focus. (3) Explanatory communication
focuses on the word use and justifications and substantiations of
mathematics as specialised knowledge. Finally, (4) learner participation
focuses on what learners do and say regards the mathematics they are
learning.

In our LS work with teachers in their schools, we use MDI as a
structuring device to guide lesson planning and reflection. In order to
communicate the MDI, we redescribe it as a Mathematical Teaching
Framework (MTF). As Figure 1 shows, the MTF mirrors the components of
the MDI framework and is intended, as already noted, to assist teachers
in planning and as a reflection tool on the mathematical ‘quality’ of their
teaching in Lesson Study.

representations

talking maths

Lesson goal:
Exemplification Learner Explanatory
Examples, Participation communication
tasks and Doing maths and Word use and

justifications

Figure 1: WMCS Mathematics Teaching Framework

While MDI in the form of the MTF provides analytic resources for
working on and researching the improvement of mathematics teaching,
our LS research needs further theoretical and analytic resources for
investigating the functioning of the CoP, and how social relations are
implicated in the developing mathematical work in the LS. To this end, we
look at the team conducting LS as a CoP in which teachers and researchers
work together on a specific object of learning. The team shares teaching
as a practice, and as they engage with a specific task with a specific goal,
the MDI and MTF become their shared repertoire (Wenger, 1998). While
engaging in LS, the CoP creates its own ‘enabling engagement’ as a
dynamic of inclusion as Wenger (1998, p. 74) describes:

Whatever it takes to make mutual engagement possible is an essential

component of any practice. (..) Being included in what matters is a

requirement for being engaged in a community’s practice, just as

engagement is what defines belonging.

According to Wenger, mutual engagement is the first characteristic

of a practice to be considered as a source of coherence of a community.
In this article, we explore how a particular LS CoP faced dilemmas that
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emerged through answering a key question: How do CoP members act and
react when they encounter conflicting ethical responsibilities in a LS, and
with what consequences for the CoPs functioning?

With this as our question, and given space constraints we background
the MDI/MTF analysis in this paper, and focus in on the CoP and its
functioning. Emerging from the incidents discussed below, we found we
needed to extend the membership of our CoP and bring learners into view.
Learners’ learning is the object of the CoP. Thus, while the teachers and
researchers are mutually engaged with a lesson, their responsibilities in the
moments of teaching extend to their learners’ learning. We flag this up here,
as learners were significantly constitutive of the dilemmas as these emerged.

DATA AND METHOD

Our LS process follows the mainstream method of LS (e.g. Yoshida, 2012)
where teachers select a topic, plan, teach, reflect, reteach and reflect
again. In this specific cycle, teachers chose to work on “simplifying
algebraic expressions with brackets in different positions” with classes of
Grade 10 learners. We were constrained both by the time teachers have
available for this work, and the practical constraint that this needed to
take place in the afternoon after school. Our LS cycle took place one
afternoon a week for three consecutive weeks with the planning session
in the first week. In the second week, a class of learners remain after school
to participate in a teaching session, with reflection and re-planning
meeting following the lesson. A repeat process then occurred in the
following and third week.

In this particular cycle, four teachers from three different schools in
Johannesburg and three researchers from the WMCS met in May 2016 for
planning the first teaching. The almost a 1-1 relation between researchers
and teachers was unusual. A practical reason for this is that in this LS
cycle, the first author, who is relatively new in the project, was learning
about LS, and so supported by the second author, project director, and
another graduate student who had participated in a previous cycle. On the
other hand, two teachers were in an advanced stage of their teaching and
of their engagement with the WMCS. The other two teachers were
relatively new to LS work.

We audio-recorded the planning discussion in the first week, and
video recorded the lessons and reflection discussions. All these recordings
have been transcribed and we draw on this data to describe two critical
incidents.

Data analysis

In order to explore how a CoP in LS would act and react when they
encountered conflicting responsibilities, it was important for us to examine
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these in relation to different participants and practices in the CoP: teachers
and teaching, learners and learning, researchers and researching and the
community functioning (in this article we take out the research and
researching component from focus). In particular, we looked how the
incident we describe below were related to these four dimensions of the
CoP in order to judge the quality of the decisions made by teachers or
researchers during the two incidents and how such decisions contributed
to the coherence of the community based on our goals in WMCS using
MDI/MTF tool. For example, to look at the quality of a decision made by a
teacher and its impact on teachers and teaching we looked at the examples
and tasks as well as explanatory communication and then make a general
evaluation such as appropriate or not appropriate decision. Table 1 shows
the analytical tool only for three components that we deal with here.

Table 1: Analytic tool and its components

Indicators Incident 1 Incident 2
Teachers & Examples Explanatory
Teaching communication
Learners & Learner
learning participation
Community Joint plan and commitment

Shared values

TWO CRITICAL INCIDENTS AND DILEMMAS

Using the MTF tool, a joint lesson plan was produced by the end of the
planning session through a discussion of the object of learning or lesson
goal and then the related exemplification, explanatory talk and learner
participation (Figure 2). Given the lesson goal (see below), the focus of the
discussion was on how to bring the position of the brackets into focus
through examples and tasks, and then connecting these with teacher’s
explanations and how to engage learners. In general, we agreed to start
with numerical examples to exemplify the process of changing brackets
before moving to algebraic expression. Briefly, the principles of variation
amidst invariance (Watson & Mason, 2006) to bring particular aspects of
mathematical objects into focus can be seen in the selection and
sequencing of examples in the lesson plan. At the end of the meeting, it
was agreed that T1 would teach the first lesson, and T2 the second revised
lesson. After that meeting, T1 set a WhatsApp group including all relevant
people, to facilitate communication between all in the LS group.
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Lesson goal: Learners can simplify expressions with
brackets when these are in different positions.

Pre-test assessment
Introduction/Introducing the lesson: Calculate the following:

1. 4+3(4+5)=

2. (4+3)4+5=

3. (4+3)(4+5)=

Activity 1: Simplify the following Activity 4: Simplify
1. x+3(x+5)= 9. x-8(x+6)=

2. (x+3)x+5= 10. (x-8)x+6=
Activity 2: Simplify 11. (x-3)(x+3)=

3. (x+3)(x+5)= 12. (x-3)-(x+3)

4. (x+3)+(x+5)=

Activity 3: Simplify Activity 5 (Post-Test): Simplify
5. (x-3x)+5= 1. 2p-(4+p)=

6. (x-3)x+5)= 2.2p(-4+p)=

7. X(-3x+5)= 3. (2+p)+(-4+p)=
8. x-(3x+5)=

Figure 2: Examples and activities as suggested in planning meeting-P1

Now we describe two incidents, one occurring in each of the two
teaching sessions. The rationale behind selecting them is that they were
identified as critical during the reflection sessions followed each teaching.
By critical we mean an incident that raised a tension or a dilemma for/in
the CoP. We start each incident by providing a general summary of what
happened followed by detailed account of that dilemma, highlight the
ethical responsibilities and the consequences for the coherence of CoP.

Dilemma 1: Learners’ errors and responsibilities for teaching

The reflection session on teaching 1 began with the teacher having the
opportunity to talk first about what she wished to discuss. Here is an
excerpt from her reflection: [italics and bold are our highlights]

One thing that | just thought like the like terms, the | felt that at some
stage | needed ... because some maybe they [learners] don’t know what are
like terms, so | didn't know whether | was supposed to talk about that one,
address what is it ... in detail. So | wasn’t sure on that one because | was
just then focusing on the, the objective. Because you might find out that
someone [learner] here they don’t even know what like terms are. (...)
Remember number five in activity three ... the main aim even though it
ended up initially what we agreed upon is that we are just investigating the
position of the bracket; did it make any difference? So they all [learners]
answered that yes it will make a difference. But then | didn't know how,
and that's why | had to ask them for solutions in the activity. But we did
not agree on that one [in our planning?].
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On one hand, T1 expected that there were some learners who do not
know some prerequisite concepts for the current lesson. On the other hand,
she felt committed to the shared plan that was produced in the planning
session. This situation left T1 in dilemma: whether or not to keep teaching
according the shared plan or addressing learners’ errors. She also
expressed her hesitance in tackling learners’ errors because of the plan of
the lesson, stressing that she “used exactly the same plan”.

Teacher 1 paid deliberate attention to the position of brackets as
planned, drawing learners’ attention to what was similar and different
about the different examples. After doing the introductory activity with
the learners, she moved to the following activity and asked learners to
solve them individually and later to share their responses with their
partners. Then she started to discuss activity 1 stressing that she will
continue as she did in the introduction by asking “what is the same in these
two questions and what is different?” In this discussion, T1 also drew
learners’ attention to the anticipated error of conjoining variable and
constant when solving question 1 in activity 1 [x+3(x+5)=] and warned
learners that these were not correct “mathematically” as variables and
numbers “are not like terms”. This preventive step, however, did not prevent
errors (see below). As she expected, when she discussed question number
4 in activity 2 [(x+3)+(x+5)=)] one learner gave an answer of 8y with
justification of the conjoining error (“x plus three which is three X”).

T1 also mentioned the use of the distributive law in the introduction
and invited learners to make use of it when needed as in question number
2 in activity 1 [(x+3)x+5=]. Later, she invited learners to work on
questions three and four in activity 2. Later when T1 asked learners in a
whole class discussion how they got the answers, the majority expressed
that they used FOIL strategy, which is an acronym for a procedure used
to multiply two terms with brackets: First, Outside, Inside, Last. In her
discussion of question number 4 in activity 1 [(x+3)+(x+5)=], she asked
for answers from different learners and wrote them on the board. The
answers were 8y, 2x + 8 and x?+8x+15, respectively. When asked how the
answe 8y r was obtained, a learner explained: “I said ¥, x plus three which
is three x times . (..) Plus x which is five x, [and that gives us] Eight x.”
When T1 asked what other learners thought about that answer, only two
learners publicly “disagreed” with the solution. T1 moved to discuss why
conjoining is wrong by referring to the solution of a previous question to
show that 8y is not correct.

Comment

We consider the decision made by T1 as appropriate for the teacher and
teaching since the examples were carefully planned to suit the expected
capabilities of learners by teachers. As T1 commented above, she was not
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sure that the majority of learners (e.g. someone) were having problems. It
is very common in South African schools to meet learners who face
challenges in the current lesson because of lack of prerequisite knowledge.
As a rule of thumb, we think that teachers’ judgement as to whether to
address learners’ mathematical errors must be based on the number of
learners who face challenges, and that is a subjective judgement. If
teachers sense that the majority of learners are struggling with the current
topic then it would be appropriate to address such challenges. If it is only
a few learners, then it would be appropriate to proceed with the lesson
and later support learners who face challenges.

Having said that, we ask what might be expected consequences of
such judgements and decisions made by T1 on learners and learning. There
is no clear answer here. For some learners and learning such decision is
appropriate because they feel competent to proceed in the current lesson
and they may feel neglected if the teacher addresses what they already
know. On the other hand, such a decision could further alienate learners
who do not know the prerequisite knowledge.

As for the community of practice, we think that T1 made an
appropriate decision in following the joint plan. Such decision, we argue,
reflected the responsibility and accountability that T1 felt towards the
community, as well as enabled the different participants of the CoP to feel
the value of the shared practice in planning and thus created a sense of
coherence to the community. As a whole, we think that the decision made
by T1 was suitable decision within the context of the LS discussed and it
created opportunities for coherence within the CoP. See Table 2 for a
summary of the consequences discussed here.

Dilemma 2: Teacher’s error and consequential responsibilities

Despite the persistent errors of some learners in the lesson, T1 felt that
the lesson was easy for learners —even though she did not know the reason.
The other teachers agreed with her. As a result, the CoP discussion
changed activity 3 to the following:
Activity 3: insert bracket(s) in the expressions on the left side so that the
two sides are equal
1. x -3x+5=-3x*+5x
2. x-3x+5=-2x*>-5
3. x-3x+5=x*-3x+5
In re-teaching the lesson, Teacher 2, included this activity. He stressed
the use of the distributive law many times in the introductory activity and
activities 1 and 2 (Figure 2). When he solved the first question in activity 1
with learners he also raised the issue of the conjoining error, and he extended
his discussion about like- and different-terms. When T2 introduced activity
3, learners complained that that activity was difficult. To exemplify what was
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required, T2 inserted a spontaneous (unplanned) example. As he worked on
this new example, however, he introduced a mathematical error. A dilemma
was now faced by the observing researchers and some of the teachers (as
not all noticed the error). Do we interrupt the lesson and if so how?

The example T2 added was 3y+2x-3=-9x-6). T2 showed learners that
he would get a different result if he placed the brackets in a different
position between 2 and y [(3x+2)x-3]. Then he inserted brackets around
3x+2x suggesting the solution as (3x+2x)-3=-9x-6x.

In the reflection on this incident, when researchers raised a question
as to the placing of the brackets in this example, T2 did not see immediately
what we were referring to. While reflecting on this example, T2 mentioned
that he wanted learners to see (-3) as an integer until one of the researchers
asked him what he would do if the sign in front of 3 was plus [as (3x+2x)+3=-
9x-6x], he said “oh, okay, no!”. Another teacher in the group commented that
she now felt ‘guilty’ towards her own learners as she has been making the
same mistake in her teaching. Thus it seems that some teachers in SA may
share this misconception with these two teachers.

Nature of the dilemma

The dilemma in this episode is different from the previous episode. Here
the teacher himself makes a mathematical error. In this case, the observers
were not sure whether or not to interrupt the lesson and if so how. As
researchers, although we felt ethical responsibilities towards teaching,
learners and learning and the functioning of the CoP, our main concern
was the teacher himself. Although we looked at each other wondering
what to do, none of the researchers interrupted the teacher, and this was
thus left for the discussion and reflection after the lesson. When we raised
this issue with T2 during reflection, he was clear that we should have
interrupted, but done so by asking a question of him that would have given
him the opportunity to think it through and deal with it in the lesson:

for example, ... you can ask ... is it not that negative three, is it not

subtracted from the expression? And then after thinking well what I'm

thinking this is an integer it's multiplying into that bracket. But there’s a

negative sign and that number is in is subtracted. It could have given me

some way to think.

When we commented that we were not sure about the consequences
of interrupting with a question especially with respect to his relation with
learners (losing confidence, for example), he commented:

If you stand up and you disagree with me like face to face then that’s when

they will see there’s a problem and now you've created an impression to

them. But you don't make it as if you've seen, you make it as if you can't
see, you're asking.
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What was interesting in T2’s comments is his confidence and
openness to working with the error during the lesson and so for the
learners too. He stands as a good example for participation in a professional
learning community.

While our decision was appropriate for the teacher, we think that it
was not appropriate for teaching and learners and learning. Even though
the teacher has a strong mathematical knowledge, making an error while
teaching may have consequences on learning and learners such as building
misconceptions. As for the CoP, we think that such decision provides a safe
space for teachers not to be judged and to share their thinking aloud.

To sum up, we argue that the decision made the researchers was
appropriate one for the CoP, its shared values, responsibility and, hence,
its coherence. At the same time the decision is questionable for its
consequences on learners and learning. Table 2 shows the summary of the
consequences discussed in both incidents.

Table 2: Summary of the consequences of researchers' decision in incident 2

Incident 1 Incident 2

Teachers & Teaching Appropriate decision. Appropriate for teacher
Not Appropriate for teaching.

Learners & learning Arguably Appropriate decision. Not Appropriate.

Community Appropriate for the Appropriate for the
coherence of the community. coherence of the community.

DISCUSSION AND CONCLUDING REMARKS

In a previous article (Alshwaikh & Adler, 2017) we have looked at two
incidents from two lessons in a LS cycle and through these focused on
three different areas of learning: mathematics teaching, mathematical
knowledge and doing lesson study itself. In the article, we turned our lens
towards the dilemmas created by those two incidents and the consequent
ethical responsibilities. We identified four of such responsibilities each of
which towards teachers and teaching, learners and learning, researchers
and researching and the CoP in LS.

The responsibilities towards teachers and teaching were raised when
a teacher faced a dilemma between addressing the not unusual errors
learners in SA make or following the joint plan produced by the team in
this cycle of LS. The teacher made an appropriate decision by keeping her
track in following on the plan and leaving the errors out of focus despite
the fact this decision was not easy for her. We, observers and researchers,
felt similar way when Teacher 2 did the mathematical error. We did not
know if we should interfere or not because of the consequences we
imagined. The suggested clue by the teacher himself helped us how to
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approach similar incidents when we conducted the second cycle of LS in
which we talked to the teachers in private raising questions about specific
issues without interrupting the lesson.

As for learners and our issues about the mathematics they learn with
some mistakes, we again felt that tit was wise not to interfere. One simple
reason is that such incidents occur in teaching as other professions. We are
‘there’ once or twice and teachers are with them all the year if not more and
teachers can find their way to correct mistakes when happen. All what we
need, we decided, is to talk to teachers in a professional way in our community.

The responsibilities towards the community were manifested in
Teacher’s 1 sense of accountability towards the community whether to
follow the joint plan or learners’ errors, and with us as researchers when
Teacher 2 made the mathematical error. Both aspects raise a question about
the mechanism of a professional CoP in LS, a needed research in LS to
understand the instructional improvement (Lewis, Perry & Murata, 2006).
Both teachers and researchers in the two lessons made good decision by
not interrupting the plan of the lesson or the lesson itself and left the
controversial issues for discussion and reflection. This created a ‘safe’ space
for participants of the community in which they felt something like “let us
leave it to the community and see.” There is a sense of mutual accountability
in both cases. “These relations of accountability” according to Wenger (1998)

include what matters and what does not, what is important and why it is

important, what to do and not to do, what to pay attention to and what to
ignore, what to talk about and what to leave unsaid, what to justify and
what to take for granted, what to display and what to withhold, when
actions and artifacts are good enough and when they need improvement

or refinement. (p. 81)

Thus, instead of seeing dilemmas as threat to the community, which
they might be in some cases, this shared safe space and sense of
accountability, we argue, maybe seen as a source of coherence for the
community of practice. In Alshwaikh and Adler (2017) we suggested the
need for agreement on code of practice in doing LS clarifying the roles of
different participants. While we agree that formation of community of
practice is a process and that participants come to know the “code” of
negotiation and mutual accountability, etc. through practice we think that
there is a need to make the issue of dilemmas and accountability public
during that process without undermining the agency of the participants.

Afinal comment is the relation between understanding the mechanism
of a community of practise in LS and instructional improvement as
highlighted by Lewis, Perry and Murata (2006). This article can be seen as
a response to their call by offering some insight on that mechanism as it
happened in our experience.
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LOVE AND BULLYING IN MATHEMATICAL
CONVERSATIONS

Annica Andersson & David Wagner
Malmé University & University of New Brunswick

In this paper we show the ways love and bullying appear in mathematical
communications. We developed an analytic frame that distinguished between
responsiveness and dismissiveness, and that identified whether communication
acts opened dialogue or closed off the voices of others. The frame helped us
identify what authority was used to close dialogue, and how dialogue was
opened up as well. The findings allowed us to illustrate how responsiveness
and opening up dialogue are central to love and mathematically productive,
but also to problematize this argument.

INTRODUCTION

While we were reading and analysing transcripts in a context of Canadian
15-year olds doing a mathematical investigation, we became captivated
by the very different ways the students used their language to either
support their learning and their relations with each other in a loving and
caring way or to bully or be mean to each other. The mean interactions
raised for us questions about the way mathematics was intertwined with
the bullying. This drew our attention to similar intertwining of love and
care with mathematics. These relationships between mathematics and
ways of interacting are fundamental to students’ learning experience, and
are enacted through communication acts in mathematical conversations.

We claim that one cannot understand communication about
mathematical processes without understanding that these acts are also
part of repertoires for other discourses that are intertwined with
mathematics. This is true for students trying to understand each other,
students trying to understand teachers, teachers trying to understand
students, and researchers trying to understand students and teachers.
Most relevant to this article, communication acts in a mathematics
classroom can be seen as moving mathematics forward (or not) but also
as an articulation of love or of bullying. We say these things are ‘intertwined’
(Andersson & Wagner, 2016) because it is not that a mathematics
discourse supports bullying or vice-versa. One does not necessarily
dominate over the other -they are intertwined. The mathematics gives a
context in which | can bully or love someone, and the bullying or love can
give a motive for mathematical moves.

We begin with attention to the literature’s treatment of the oft-



MES9 | 383

ignored concepts of love and bullying mathematics contexts. This follows
with examples from our research, in which we identify the communication
acts and positioning of students in relation to the mathematical and
relational moves.

LOVE

Conceptualizations of love comprise a variety of different feelings, states,
emotions and attitudes. These legitimate conceptualizations may range
from pleasure and care to interpersonal affection. In this article, we
understand love as the virtue that represents kindness and compassion as
"the unselfish loyal and benevolent concern for the good of another" (http://
www.merriam-webster.com/dictionary/love). We see love as attentive to
the concerns of others, and responsive to them. Hence, love is an expression
of positive sentiment. Because antonyms are contingent on perspective
(Visser, 2000), we identify two possible antonyms for the kind of love we
identify —hate/antipathy, as in “I hate mathematics,” or apathy as in
“Mathematics is boring.”

When we browsed through the (prominent and English) mathematics
education research journals with a search on the words love and
mathematics together, rather few articles showed up. In those we found,
love was used in a variety of ways, most often to describe relationships
with mathematics and/or with mathematics education:

Mathematics is joy and exasperation. It is beauty and power. As

mathematicians we love elegant solutions and the way that the same

mathematics can be applied to different contexts. (Wood, 2011, p.5)

Hossain, Mendick and Adler (2013) showed that a student teacher’s
choice of teaching mathematics was about her love for the subject: “after
all the subjects | looked at, | thought that | loved maths the best” (p. 45).
The teacher’s desire to teach was inseparable from her desire to teach
mathematics.

We problematize the idea of loving mathematics or school
mathematics with reference to Wagner and Herbel-Eisenmann’s (2009),
use of positioning theory. They note that there is no actual presence of
mathematics in any situation; it is only ever present as mediated through
people and texts. Thus we ask what or whom people love when they say
they love mathematics? Love or attachment to some mathematical
processes may not go hand in hand with loving people with whom one
interacts mathematically.

Esmonde and Langer-Osuna (2013), in the context of a year ten
heterogeneous mathematics classroom involved in student-led work
showed how the figured worlds of friendship and romance allowed
disadvantaged students to position themselves more strongly in a



384 | MES9

mathematical figured world. In one of their examples, a student (Dawn)
positioned herself more powerfully in the two friendships and romance
discourses and hence engaged further in mathematical practices. Romance
and friendship discourses may share commonalities with love but are not
exactly the same.

The literature on affect in mathematics education also connects to
love. For example, Debellis and Goldin (2006, p. 137-138) argued that “[i]
ntimate mathematical experiences include emotional feelings of warmth,
excitement, amusement, affection, sexuality, time suspension, deep
satisfaction, ‘being special’, love, or aesthetic appreciation accompanying
understanding.” They also pointed to the fact that individuals’ accounts of
loved ones —for example, ‘a parent being proud of me’- point to experiences
that are “more than merely enjoyable or otherwise positive; they build a
bond between the personal knowledge constructed and the mathematical
content” (p. 138). In other words, these researchers argued that emotional
feelings are important for the students’ loving relationship with
mathematics and/or mathematics education (or unloving relationships)
and that these emotions may originate in love, care and appreciations for
significant others.

We also found the idea of pedagogical love exemplified by the Finish
teacher Sirpa in an account written by Kaasila (2007). Sirpa’s thoughts
about her teachings and relationships to her students “is captured in her
use of the utterance of pedagogical love: ‘| want to be a teacher who really
cares how she acts. Pedagogical love —the word feels suitably descriptive.
It includes caring for oneself as a teacher and as a human being” (p.380).
This reminds us of the idea of fostering by in the ways Ms. Bradley acted
in her classrooms, as described by Bonner (2014, p.395):

Ms. Bradley’s classroom was highly structured and disciplined, focusing on

high expectations and success through “tough love.” When a student did

not have his or her homework, for example, Ms. Bradley would take the

student in the hallway to call his or her parent or guardian. Furthermore,
if a student was not participating in the group chants or problem-solving
activities, Ms. Bradley would “call him [or her] out and take him [or her] to
church,” meaning she would stop the lesson and “preach” about the
decisions students were making and the importance of academic success.

Long (2008) suggested that student mistakes provide another
context for examining care. She argued that teachers may respond to
students’ mistakes in two different ways, with a tension between either
caring for the student or caring for the idea of mathematics. We see this
tension as analogous with the tension identified by Bartell (2013, p.140)
as “a tension in negotiating mathematical and social justice goals.” We
reflect that pedagogical love seems to suggest that the acts of love are
separate from the disciplinary work “l teach mathematics and | also show
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love to my students.” In contrast, we argue that we can love (or show love)
through the way we do (or communicate) our mathematics. And by
contrast, we can bully using mathematics.

BULLYING

Intimidation and humiliation are typically present in bullying situations,
among school children, among adults or between adults and children.
Bullying may include threat, physical assault, or what we noticed in our
data -verbal harassment and sarcasm. We follow the definition of bullying
by Juvonen and Graham (2014, p. 161) who described bullying in contexts
involving inequalities such as when a “physically stronger or socially more
prominent person (ab)uses her/his power to threaten, demean, or belittle
another”. The authors emphasised that this specific power imbalance
distinguishes bullying from conflict and that repetition is not a required
component for bullying. Thus bullying can be seen as an antonym for
loving.

A large body of research shows that bullying significantly impacts
students’ achievement in general (c.f. Nakamoto & Schwartz, 2009).
Bullying has been described as one important reason for not pursuing
mathematics (Sullivan, Tobias & Mcdonough, 2016) As an example of this,
we also found Lutovac and Kaasila’s (2014) narratives of a pre-service
teacher (Reija): “Reija’s self-confidence and participation in math classes
worsened in secondary school because her classmates bullied her: ‘I tried
to be as invisible as | could™ (p. 136). Reija did not pursue her mathematics
education.

Some mathematics educators have described mathematics itself as
bullying. In the foreword to a book by Davis (1996), Pirie wrote:

Let us construe mathematics not as a human endeavor, but as itself a living

being. [...] It is saying "here is a way of being, and in this being lies a (but

not the) potential for growth and change." How might such a re-envisioning
of mathematics affect the classroom? How much less frightening might it
seem to children? What if they were encouraged to resist its bullying and

to see its problems as living possibilities and not as mandated chores? (p.

Xiv)

Finally, we point to research that describes tense relationships
among students when doing group work. Kurth, Anderson and Palincsar,
(2002) showed that students may fail to learn during group work due to
the fact that they need to achieve intersubjectivity in relation to both
knowledge assimilation and obligation within the group. These researchers
concluded that “Even when [teachers] cannot monitor directly what is
happening in collaborative groups, [they] still have considerable influence
over how students construct the floor, both in terms of who holds the floor
and what topics the students consider ‘on task.” (p. 310). Andersson (2011)
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came to similar conclusions. In a critical mathematics education context,
three students were working together and experiencing some tension
-not to the point of bullying though. One of them commented on the
classroom blog: “This was really meaningful and it was good to take
personal responsibility for planning and for our own labor. But this is new;
we have to practice this way of working” (Andersson & Valero, 2015,
p.212). The problem for this group was not the mathematical task at hand,
it was how to collaborate when exploring mathematics.

Summing up, the research on bullying indicates that bullying occurs
in interactions —hence through the use of language. This is specifically
important to consider for teachers when students do collaborative work
in mathematics as it not only impacts students’ wellbeing but also their
achievement —even if they love the subject.

POSITIONINGS

Our analysis in this article will focus on communication acts in group work.
We try to identify relationships of love and bullying on the basis of
particular communication acts. Our conceptual frame comes from a
recursive process starting with the data that prompted our attention to
the phemomena, connecting that to literature and conceptual frames we
knew, finding difficulties, modifying the frames, trying again, etcetera. We
emphasise that the development of the frame was intertwined with the
analysis. Figure 1 gives an overview of the frame we developed.

The conceptual frame for identifying authority structures refined by
Wagner and Herbel-Eisenmann (2014) helps us see how students make
space for each other in their interactions, which relates to the idea of
being responsive to each other or not. We identified three different ways
of opening space or acknowledging that others have autonomy. First,
explicit invitations, in which someone asks for another’s point of view. In
another authority structure, someone contributes an idea but identifies
that it is a possibility or that someone else might think differently. We call
this spoken as possibility. Finally, explicit reference to choices, which we
call identifying decision, demonstrates awareness of potential alternative
possibilities.

Following our reading and reflection on literature describing love and
bullying, we use the distinction of responsive versus dismissive. This
distinction appears in the horizontal axis of Figure 1.
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Responsive (R) Dismissive (D)
Opening space Spoken as possibility (SP)
(heteroglossia) Invitation (1)
(inviting) Identifying decision (ID)
Closing space Personal authority (PA)
(monoglossia) Discourse as authority DA)
(restricting) Spoken as shared (SS)

Figure 1: Conceptual Frame

The excerpts below come from the same class, to emphasize that
loving and bullying are likely present in every class (which is not the same
as saying they all belong in the classroom). We selected example excerpts
that show the relationships clearly and other excerpts that demonstrate
complexity. We think it is important to choose episodes that push at the
boundaries of conceptual frames.

INTERACTIONS THAT SUGGEST LOVE

This first excerpt is chosen as a relatively clear indication of love among
the four students in the group. We include in the right hand column of the
transcripts our coding using the acronyms from Figure 1.

A15 | Nadia Do you have to write the question down? DA/ID-R
A16 | Rachel | I don't know. SP-R
A17 | Andrea | I wouldn't, I'd say that just one block has no red. ID-R
A18 | Nadia Um, how many have one red face? DA -D
A19 Andrea | So, it would be like... wait... SS-R
A20 | Emma [points] This one... SS-R
A21 Andrea | This one. [spoken in rapid succession] SS-R
A22 Rachel | Two. [....rapid succession] SS-R
A23 Nadia Two, three. [... rapid succession] SS-R
A24 Andrea | Four. [... rapid succession] SS-R
A25 Nadia Two, four, six. [... rapid succession] SS-R
A26 Andrea | Six. [... rapid succession] SS-R
A27 Nadia Yeah. [... rapid succession] SS-R
A28 Andrea | It would be six. [... rapid succession] SS-R
A29 | Andrea | because there was... SS-R
Is it only six? SP-R
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A30 | Rachel | We'll figure it out at the end. We'll see if we've accounted | SS-R
for twenty-seven blocks.

A31 Andrea | Okay. ID-R
A32 Rachel So, two red faces ... DA-D/R
A33 Nadia two red faces, okay, so... SS-R

We first consider how the group participants open and close space
for each other’s views. Nadia (turn A15) appealed to the authority of the
discourse (DA) asking if they “have to” write. Perhaps this is what they
were accustomed to from their usual mathematics classes. However she
also posed this as a question and thus identified the group’s latitude to
make a decision (ID), which opens a space for her partners’ ideas. Rachel’s
matter of fact response “I don't know” (turn A16) indicated her awareness
of possibilities (SP). And Andrea kept the space open (turn A17) using the
modal verb wouldn’t to indicate her choice (ID). Significantly, this open
space, already communicated by three of the students in succession, leads
into Andrea’s opening of mathematical possibility, with a conjecture -l
[would] say...". Nadia continued the open approach to the mathematical
exploration by inviting a decision (ID) (turn A18). This led into a rapid series
of observations, which we coded as spoken-as-shared (SS) because the
students were trying to answer their question. While this structure is
generally a closed approach, its appearance in response to a group’s
question may also be interpreted as honouring her opening up question.
Eventually (turn A29), Andrea again asked a question identifying possibility
(SP), and Sara responded with an expression of confidence in the group,
immediately followed by a means for checking their work. Andrea’s
response (A31) indicates the expectation that agreement is necessary (ID),
and Rachel, returned the group back to following the instructions and
personal authority (PA) of the teacher.

In this environment of openness to each other, we coded the students
as responsive to each other (R), except when students brought the groups’
attention back to a question on the instruction sheet (turns A18 and A32).
However, even these moves that apparently ignore (or dismiss) what
comes before (D), may in fact be tacit recognitions that the group was
ready to move on, in which case one could claim that even these moves
to follow the instructions demonstrated responsiveness to the group’s
progression.

The responsiveness is an indication of sensitivity to each other, and
even the moments of returned attention to the task given by the teacher
may be deemed as sensitivity to the group’s desire to move forward
mathematically. These are indicators of care for the other, or what we call
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love. Other indicators of this love include the use of the pronoun we,
indicating a sense of solidarity, and the intense series of observations in
turns A21 to A28, in which the four students were huddled close together,
with their hands in close proximity, pointing to parts of the cube model.
We reiterate that the mathematical work is also productive within the open
and caring interaction in this group.

INTERACTION THAT SUGGEST BULLYING

We pick up the conversation a little further along when a group of boys is
engaged with the mathematical task.

C35 | Caleb For the eight corners, you're gonna SS-D
have three sides facing. One, two, three.
So, eight times three? I-R
C36 | Rob Fifty-four. SS-R
C37 | Dennis [Laughs] No! You're a dummy. SS-R
€38 | Tim [Interrupting] Twenty-four. SS-R

C39 | Caleb So, red faces. We'd have to have eight because there's eight | DA-D
corners, three sides exposing.
There. One, two, three, ... eight corners. One, two, three, four, | SS-D
five, six, seven, ...
For that you just write beside it, “eight.” PA-D

In turn C35 Caleb was responsive to the task set by the teacher and
to Rob’s move to turn attention to that task. He was responsive to the
personal authority (PA) of one or the other. He spoke as if the others would
make the same conclusion he made (SS) -“you're gonna have”, which
closed the conversation space, but then he opened it up by inflecting “eight
times three” as a question, inviting response (I). Rob was responsive, and
answered with no sentence, just a number (SS) in turn C36. Unfortunately,
his answer was incorrect. Dennis responded with ridicule, and Tim
responded with the correct answer. Caleb (turn C39) ignored the wrong
answer and the responses to that wrong answer, turning attention again
to the discourse as authority —“we'd have to have..”- and continued
speaking as if there were no options (SS). He finally instructed the others
what to do, as if he had the personal authority to do so (PA).

This interaction is a clear instance of responsiveness not being loving
—as Dennis responds with ridicule to Rob’s mistake. We could instead say
he is dismissive of Rob’s worth. Following this, Caleb dismissed his group
mates’ interaction, ignoring it really. This move may have been an act of
love for Rob —forgiveness of his mistake, and rejection of Dennis’s ridicule.
This episode demonstrates how dismissiveness and responsiveness do not
neatly map onto bullying and love. It also exemplifies the way mathematics
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can be a refuge for people who are bullied, which is a reality both of us
have seen in our school teaching experiences.

The last transcript is further into their conversation. The group has
not moved forward very much mathematically. Caleb was still the one
taking leadership but was beginning to realize that his mathematical ideas
might not work.

78 Caleb [Takes the cube] because in the middle here, it's covered be- | SS/DA-R
cause one, two, one, two,...

C79 Dennis Oh, so only the ones in the middle. SS-R
C80 Caleb That's what he was saying, we have trouble. SS/SP-R
c81 Dennis |'am an idiot. SS-D
(82 Caleb We all are. SS-R
83 Tim [speaking to Dennis] Compared to Rob, you're a genius. SS-D
84 Rob [Not speaking, he stands up dramatically)

(85 Dennis I'm really not guys. | am bad at math. SS-R

In turn 78, Caleb took the cube as if they belonged to him and
explained his idea to the others as if it was the only possible answer (SS).
Because his communication included explanation he was harkening to the
mathematics discourse as authority as well (DA). He continued to close
the space for the others’ contributions —even if it seems as if Dennis have
shared some possible ideas earlier (turn 79 and 80). Dennis was responsive
to Caleb’s explanation, and continued with the sense that there is only one
correct path (SS). Caleb responded to this and referred back to a statement
by Tim, which showed Caleb’s realization that something was amiss in his
thinking. The form of his communication -“we have trouble’- suggests
that everyone agrees, but it also acknowledges that there may be more
ways of seeing the situation (SP). Dennis’s realization that he was being
an “idiot” was a judgment of himself, and thus ignored the others. After
this, the positioning within the group went awry, with more ridicule of Rob
(turn C83). The space for Rob to speak or otherwise contribute is closed,
almost locked.

While the group members express their feelings of stupidity, there is
again especially strong ridicule of Rob (turn C83). We see that the
mathematical task along with the traditions of mathematics classroom
storylines, positions the group in this way —feeling stupid, ranking their
levels of stupidity, and thus positioning one person especially poorly. We
ask if there is any love here. Perhaps there is a sense of care among Caleb,
Tim, and Dennis as they form solidarity around the exclusion of Rob.
Perhaps Caleb’s recognition that the whole group was on common ground
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as they could not come to terms with the problem (turn C82) was a way
of expressing camaraderie in recognition of the feelings of stupidity.
Nevertheless, the one-right-answer tradition of school mathematics seems
to have laid the ground for feelings of ineptitude and for ranking, which
positions one or some as the lowest of the low.

DISCUSSION

We can say from the very short excerpts analysed above, that the way
communication happens in mathematics classrooms can open or close
space for the other, and that this impacts students’ experiences of love,
bullying, and separateness.

It is important to emphasize again that all of the incidents described
above come from the same class. Whatever the teacher and school culture
(including other students) did before the day of these mathematical
interactions facilitated interactions of love, interactions of bullying and
solitude. We argue that what happens in a classroom cannot be laid at the
feet of the teacher or school administration alone. There are larger
discourses of school and of school mathematics that strongly influence
the students’ perceptions of what they could do and what they should do
in mathematics class. And these discourses also significantly direct and
constrain the teacher and other school personnel.
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BE THE BEST VERSION OF YOUR SELF!
OECD’S PROMISES OF WELFARE THROUGH
SCHOOL MATHEMATICS

Melissa Andrade-Molina
Aalborg University

This work aims at tracing, from a Foucaultian perspective, the taken-for-
granted truths, the promises, in OECD ‘s discourse on a state of welfare. These
promises are built under the assumption that mathematics skills are needed
to achieve citizens full potential. OECD’s reading of 2012 PISA’s outcomes
reveals how discourses of numeracy proficiency are entangled and displayed
for the making of a specific type of productive citizen for society. Also, this
work problematizes OCDE’s expressed ‘desired citizen’, by building in the
double gestures of hopes and fears produced by the intention of include “all”
student and of equity.

INTRODUCTION

There exist some circulating discourses about what is important for
citizens ‘to know’ and ‘be able to do.” OCDE has presented within the
several documents released an approach which “reflects the fact that
modern economies reward individuals not for what they know, but for what
they can do with what they know” (OECD, 2014, p. 24). Mathematics has
been taken, by OCDE, not as a knowledge students should acquired, but
as a necessary skill —proficiency- for personal fulfilment, for future
employment, and also, for a full participation in society (OECD, 2014).
With mathematics as its primary focus, the PISA 2012 assessment
measured 15-year-olds’ capacity to reason mathematically and use
mathematical concepts, procedures, facts and tools to describe, explain
and predict phenomena, and to make the well-founded judgements and
decisions needed by constructive, engaged and reflective citizens. Literacy
in mathematics defined this way is not an attribute that an individual has
or does not have; rather, it is a skill that can be acquired and used, to a
greater or lesser extent, throughout a lifetime (OECD, 2014, p. 17).

Several studies in the field of mathematics education have already
problematized the assumption of “mathematics for all” (see, e.g., Diaz,
2013; Valero, 2013). Nowadays, there is a new ‘truth’ added to the one of
“mathematics for all”. The taken-for-granted truth that has been currently
(re)produced is the need for “inclusive and equitable quality education and
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promote lifelong learning opportunities for all” (OECD, 20164, p. 13), as
part of the sustainable development goals for education. This result ought
to be achieved by a series of indicators that “spell out what countries need
to deliver by 2030” (Op. cit,, p. 13, emphasis added), with the aim of
promoting social progress. Within these discourses, numeracy -as the
ability to “access, use, interpret and communicate mathematical
information and ideas in order to engage in and manage the mathematical
demands of a range of situations in adult life” (OECD, 2016a, p. 38)
-becomes a key skill to achieve social progress and, also, to ensure welfare.

This work aims at tracing the naturalized truths or the promises (re)
produced by OECD’s discourse toward a state of welfare and social
progress. These promises are built under the assumption that the ‘proper’
acquisition of mathematics skills -numeracy- is needed for citizens to
achieve their full potential, making them able to excel and, therefore, to
have better lives. OECD’s reading of 2012 PISA's outcomes takes an
important role, given that it reveals how discourses about numeracy
proficiency have been entangled and displayed for the making of a
productive citizen for society. Finally, this work, by portraying the desired
subject, problematizes the undesired citizen through ‘abjection’, as the
double gestures of hopes and fears produced by the intention of including
‘all’ students and of equity.

OECD’S PROMISES OF WELFARE

Over the years, OECD has been positioning itself as the main global
network for the (re)production of policy discourses toward economical
progress. Trohler, Meyer, Labaree, and Hutt (2014) recognize OECD as a
central node for local and peripheral policy ideas to be expanded on and
amplified. In this regard, “[plolicies that might have a hard time becoming
accepted in local contexts seem that much more irresistible when offered
as uncontested consensus of the world’s leading democracies” (Op. cit., p.
2). And, therefore, many countries take into consideration what OECD
states as guiding for the development of their national agendas. After the
last economic crisis, OECD published several indicators and strategies for
countries to improve and invest in their educational programs, targeting
the making of a particular type of citizen.

The claim “be the best version of yourself” is a motto that portrays
the many discourses circulating about social progress and the necessary
skills for citizens to achieve better lives and for countries to achieve a
greater economical progress.

Be the best version of yourself

Equipping citizens with the skills necessary to achieve their full potential,
participate in an increasingly interconnected global economy, and
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ultimately convert better jobs into better lives is a central preoccupation
of policy makers around the world —poor skills severely limit people’s access
to better-paying and more rewarding jobs. The ongoing economic crisis
has only increased the urgency of investing in the acquisition and
development of citizens’ skills -investing in structural reforms to boost
productivity, such as education and skills development, is key to future
growth. More and more countries are looking beyond their own borders for
evidence of the most successful and efficient policies and practices -in a
global economy, success is no longer measured against national standards
alone, but against the best-performing and most rapidly improving
education systems. PISA 2012 results show wide differences between
countries in mathematics performance -all countries and economies have
excellent students, but few have enabled all students to excel. PISA is not
only an accurate indicator of students’ abilities to participate fully in
society after compulsory school, but also a powerful tool that countries
and economies can use to fine-tune their education policies —every country
has room for improvement, even the top performers (OECD, 2014, pp. 3-4,
bolds removed).

OECD. Better policies for better lives

The above quotation is a summarized part of OECD’s PISA 2012
Results: What Students Know and Can Do. In this publication, OECD states
a concern regarding the economic crisis and it poses the urgency of having
well-equipped-citizens. In this short text, many naturalized truths are
entangled to (re)produce a discourse in which education is believed as the
key to future growth of nations. For example, that few countries have
enabled all students to excel, and, so, even top performers have room for
improvement. This discourse embodies the idea of an ever-growing
economy for social progress and of lifelong learners to achieve that goal.

It has been said that, in an ever-growing economy, citizens should be
equipped with the necessary skills to achieve a state of welfare, given that
educational attainment is used as an alternative measuring for human
capital (OECD, 2015). These necessary skills -such as literacy and
numeracy— should enable citizens to reach their full potential. A full
potential not only regarding students performance in PISA or in national
standardized assessments, but also ‘high - attainment - individuals’
“generally have better health, are more socially engaged, have higher
employment rates and have higher relative earnings” (OECD, 2015, p. 30).
This statement means that it is taken as possible to correlate higher levels
of educational attainment and positive individual and social outcomes,
resulting in a state of: ‘the higher educated, the better health, the better
job, and therefore, the better life’.

According with OECD’s readings on PISAs outcomes, higher
educational attainment is due to literacy and numeracy skills. However, it
has also been stated by OECD that “[cJompared to literacy skills, numeracy
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skills have a more significant impact on employment outcomes” (Op. cit.,
p. 168). Henceforth, the odds of being employed increases directly
proportional to the level of numeracy proficiency (see chart A9.2 in OECD,
2015). It is also stated by OECD that numeracy proficiency has an impact
even on employees’ hourly earnings. In this regard, the ‘equipped citizen’
not only will aspire to having a healthier life, but, depending on the level
of proficiency in mathematics, will also aspire to having better opportunities
of being employed and of earning more income than a ‘not-so-well
equipped-citizen'.
Across the OECD, the average return to below upper secondary education
stands at approximately 2.5% (ranging from 0% for those in possession
of the Level 0/1 numeracy proficiency to approximately 4% for those in
possession of Level 4/5 proficiency, while at upper secondary, the range of
earnings outcomes (compared to an individual with the lowest level of
formally recognised qualifications and numeracy skills) stands at
approximately 10% (upper secondary and Level O/1 numeracy) to 18%
(upper secondary and Level 4/5 numeracy). At tertiary level, the earnings
outcomes (compared to the reference group) range from approximately
33% (tertiary and Level O/1 numeracy) to 53% (tertiary and Level 4/5
numeracy). (Lane & Conlon, 2016, p. 21)

Educational attainment has also been correlated with lower morbidity
from the most common diseases —heart condition, stroke hypertension,
cholesterol, emphysema, diabetes, asthma attacks, ulcer- and correlated
with life expectancy, in which life could be increased up to 5 years (Cutler
and Lleras-Muney, 2006). And so, educational attainment rises as an
important factor for well-being (OECD, 2016a), by boosting specific
features of the desired productive citizen for society.

Highly skilled people are also more likely to volunteer, see themselves as

actors rather than as objects of political processes, and are more likely to

trust others. Fairness, integrity and inclusiveness in public policy thus all

hinge on the skills of citizens. (OECD, 2015, p. 3)

All of the above translates in a promise of ‘well-equipped-citizens’
that live longer, are socially active, healthier, volunteer, engage in political
processes, trust others, are more likely to be employed and earn more, all
because they reach their full potential thanks to their numeracy proficiency.
After all, the first OECD commitment is ‘better policies for better lives’.
So, be the best version of yourself!

FROM THE HOPED TO THE FEARED

OECD (re) produces discourses emboding salvation narratives about who
the desired citizen is and how the desired citizen should be. The image of
the productive citizen is enunciated in every statement above. The ‘well-
equipped-citizen’ OECD expresses is a lifelong learner that should be wiling
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to engage in a perpetual process of making choices and problem solving
(see, e.g., Popkewitz, 2008b). Also, a high skilled citizen that is willing to
participate fully in society. This portrays the image of the hoped, an
entrepreneur, an “individual who is continually pursuing knowledge and
innovation in a never ending chase for the future” (Popkewitz, 2008a, p.
310), all because of mathematics proficiency.
Within the making of the citizen, OECD plays the role of ‘homogenizing
the heterogeneous’ (Trohler, et al,, 2014). In which, PISA has been shaping
“the “accountability” agenda in ways that rival and even overshadow the
influence of national policy makers” (Op. cit., p.5). Under this homogenizing
role, numeracy proficiency has been granted with the feature of producing
social equality (Diaz, 2013). All students having the same opportunities,
access, and possibilities translates into “reform projects assum[ing] that
social, economic, and educational inequalities can be minimized if all
children have the opportunity to learn mathematics” (Op. cit., p. 36). But
equity, in this sense, is an illusion (see, e.g., Bullock, 2012); there are many
differences amongst students. Although, according to OECD, these
differences become less visible if nations invest in the acquisition and
development of citizens’ skills, enabling students to excel.
When the “all children” is examined, there is no universal and undifferentiated
“all” but a particular continuum of value that differentiates and divides.
The “all children” implies a unity from which identities of difference are
generated. As quickly as reforms state that the purpose is for “all children
to learn”, however, the discourse shifts to the child who is different and
divided from the space of “all children”. The different child is to be rescued
and saved from his or her unliveable spaces. The space of the all children
is the space of a difference and abjection that cases the Other into
unliveable spaces. (Popkewitz, 2011, p. 42)

While certain discourses promote inclusion: “all students could
become the well-equipped-citizen”, at the same time there are double
gestures of what is desired and what is feared that produces processes
of exclusion with those of inclusion. And so, these normalizing and
regulating discourses on welfare become in “ways of reasoning about who
and what is normal [and also] who and what is abnormal, and in need of
social administration, intervention, and salvation” (Bloch, et al., 2003, p.
15). To talk about the “all” implies to talk about the “abjected”; the one
who does not fit (Popkewitz, 2008a).

OECD describes the ‘abjected’ as the ‘low performer’. Lower
performance in mathematics is attributed to an accumulation of students’
‘disadvantages’ throughout their lives (OECD, 2016b) —economical, social,
educational, gender disadvantages— making this ‘abnormal child’ in need
of salvation to fit the “all”. In fact, OECD has even calculated the variables
and the percentages of likelihood of being a low performer.
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Who is most likely to be a low performer in mathematics? On average
across OECD countries, a socio-economically disadvantaged girl who lives
in a single-parent family in a rural area, has an immigrant background,
speaks a different language at home from the language of instruction, had
not attended pre-primary school, had repeated a grade, and is enrolled in
a vocational track has an 83% probability of being a low performer (OECD,
2016b, p. 13)

Above was stated that the social, economical, and educational
differences of students apparently play no role in the acquisition of skills,
and even that this ‘girl’ is recognized as a low performer, does her
disadvantages make her a ‘fear child’? Does this girl pose any danger to
the future? Well, it depends on the point of view. But, pushing a little deeper
the analysis. Who will become a ‘threat’ for economic progress and the
welfare state?

On a neoliberal mentality, discourses about progress and welfare
shape and reshape citizens modes of living -ways of being and acting in
the world- to be the expected product of a neoliberal and capitalist society.
Marketing, consumerism and competition are some of the key elements
of neoliberalism (Kas¢ak & Pupala, 2011), where “people are reconfigured
as productive economic entrepreneurs of their own lives” (Davies & Bansel,
2007, p. 248). Neoliberal modes of governance aim at reconfigure a
lifelong entrepreneur learner, given that it will be beneficial for the
economic productivity of society (Rubenson 2008). Entrepreneurs are
taken as the human capital necessary for personal and social and economic
prosperity. In this sense, the feared is the one that does not become the
productive citizen for economical and social progress, the one who does
not consume, who does not engage in market labor, who does not
participate fully in society, and who does not compete; the one who cannot
fit the “all”. Imagine, for example, a student refusing to participate in PISA.

WELFARE AND SCHOOL MATHEMATICS

The technology of schooling was not invented ab initio, nor was it implanted

through the monotonous implementation of a hegemonic ‘will to govern':

the technology of schooling -like that of social insurance, child welfare,

criminal justice and much more- is hybrid, heterogeneous, traversed by a

variety of programmatic aspirations and professional obligations, a

complex and mobile resultant to the relations amongst persons, things and

forces. (Rose, 1999, p. 54)

The promises of welfare emerged in the late 20" century, as ‘new
patterns of governing’ (Bloch, Holmlund, Moqvist & Popkewitz, 2003), as
a “way of securing or “policing” the well-being of citizens and populations
through the “cultural reasoning system” that orders the individuality of the
welfare person” (p. 6). Within the promise of welfare, school mathematics
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is taken as necessary to achieve numeracy for the pursuit of individual
happiness and human progress (Popkewitz, 2013).

There is a promise to shape students to fit in certain category for
the development of nations, the better economy, and their own welfare.
OECD’s narratives of what a productive citizen should be have effects of
power in the shaping of students’ subjectivities —in which “the self is
constructed or modified by himself” (Foucault, 1993, p. 204). OECD
discourses normalize and regulate whom the productive citizen is, how the
productive citizen should be and should act. To be a productive citizen
means students should engage in practices to conduct their own conduct
to achieve the ‘well-equipped state’, a will of fitting in the “all” and
becoming a lifelong learner. But it also means to recognize in school
mathematics an opportunity to reach welfare... All in the name of economic
growth!
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SOCIAL NATURE OF MATHEMATICAL
REASONING: PROBLEM SOLVING STRATEGIES
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DIVERSE OUT-OF-SCHOOL EXPERIENCE
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Middle graders coming from low-income, disadvantaged families in developing
world context often have varied exposure to work-contexts, diverse handling
of goods and rich cultural resources as well as funds of knowledge in the
community. Such exposure and experience create affordances for them to
gather mathematical knowledge and build a connection to their school
mathematics learning. This paper explores middle graders' mathematical
reasoning while solving routine arithmetic tasks that indicate their social
nature of mathematical knowledge. It argues that learners' problem solving
strategies derive from cultural resources and work practices and call for
tracing curricular implications. Data is drawn from a study done in one of
Mumbai's large low-income settlements with huge economic output.

TOWARDS SOCIAL ASPECT OF MATHEMATICS KNOWLEDGE

Late sixties and early seventies witnessed a spurt in research focusing on
alternate ways of learning outside of school, which drew on cultural
anthropology to analyse various contexts that created the ground for
learning in general. Cultural contexts of thinking and learning soon became
part of the main focus of the mathematico-anthropological studies. For
example, Michael Cole and John Gay's study in Liberia in western Africa in
the sixties (Gay & Cole, 1967) looked at Kpelle children's learning of
mathematics embedded in their cultural practices. Around the same time,
Claudia Zaslavsky's study in Nigeria and East Africa focused on numeracy
learning and use of patterns and shapes as part of the culture and work
practices (Zaslavsky, 1973). Zaslavsky's work on “sociomathematics of
Africa” as she called it, revolved mainly around the “applications of
mathematics in the lives of African people” (p. 7). This was also the time
when Sylvia Scribner explored literacy and numeracy development among
Vai people in Liberia in their everyday practices (Cole & Scribner, 1974;
Scribner & Cole, 1978). These are just a few names from those beginning
days when the need to understand the social aspects of mathematical
knowledge was felt. Around the same time came a shift in focus of the
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studies in cognitive psychology from individual psychological to socio-
cultural aspects of one's cognitive development. There was also a shift in
research from using Piagetian developmental psychology framework to
Vlygotskian socio-cultural psychology and social learning theory. It was the
time when research in mathematics education research (henceforth MER)
began to use tools from cultural anthropology and drew on other socio-
cultural tools looking for alternate ways of development of mathematical
thinking and reasoning in individuals and this new trend bore a parallel to
the shift towards cross-cultural studies that was already underway in
developmental psychology. It was the time when studies in MER increasingly
started looking at one's cultural resources as well as at work practices as
possible locations of mathematics learning and development of
mathematical cognition. These studies provided evidence to the growing
belief and claim that school is not the only site of mathematics learning
but there exist other alternative sites as well. These alternate sites are
interesting for educational researchers to look at, for they entail diverse
everyday contexts and situations that create opportunities for children to
acquire mathematical knowledge.

This paper discusses middles graders' reasoning towards solving
arithmetical tasks which | claim emerges from their mathematical
understanding in out-of-school contexts such as work-contexts, everyday
shopping and socio-cultural practices. In particular, this paper explores a
few instances of the nature of mathematics that remains embedded in
the everyday world and the ways in which such knowledge emerges or is
gathered. This paper tries to understand the social construction of
mathematics and its pedagogical significance for classroom learning. |
first describe the underlying theoretical underpinning of what is known as
Funds of knowledge followed by a description of the study and the learners,
analysis of the problem-tasks and solution strategies, and emergent
insights from the discussion.

COMMUNITY BASED KNOWLEDGE PRACTICE

A few studies in the past have focused on how the notion of Funds of
knowledge has been used as a framework to examine the potential resource
available to the community in the form of embedded mathematical
practices in the work-contexts. There are not many studies in MER other
than those by Civil (1995), de Abreu (2008), Moll, Amanti, Neff and Gonzalez
(1992) and a few others (viz., Andrews et al., 2005; Velez-lbanez &
Greenberg, 2005) who have used this framework to explore the resources
available in the community that can potentially support school math
learning of the children. Although there are studies in India and elsewhere
(for example, Rampal, Ramanujam & Saraswati, 1998) that looked at
community knowledge resource and its implications for various numeracy
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and literacy initiatives, there are not many studies that have looked at
middle graders’ varied exposure to work-contexts, diverse handling of
goods and availability of rich cultural resources and funds of knowledge in
the community in the literature on out-of-school mathematics. We have
argued elsewhere that such opportunities available to the children create
affordances for them to gather mathematical knowledge and to build a
connection to their school mathematics learning (Bose & Subramaniam,
2013). This paper discusses middle graders’ mathematical problem solving
strategies as they are shaped in their work-contexts embedded in
economically active everyday settings, and community's funds of
knowledge that they have access to.

It is widely seen that children in low-income conglomerations are
often bound in social relationships and work practices from an early age
and the broad features of their learning develop at their home as well as
in their surroundings. Households and their surroundings contain resources
of knowledge and cultural insights that anthropologists have termed as
funds of knowledge (Gonzalez, Moll & Amanti, 2005; Moll, Amanti, Neff &
Gonzalez, 1992; Velez-lbanez & Greenberg, 2005). The perspective of
“funds of knowledge” brings to mathematics education research insights
that are related to, but different from the perspectives embedded in the
studies of “culture and mathematics”. In contrast to restrictive and
sometimes reified notions of “culture”, “funds of knowledge” emphasise
the hybridity of cultures and the notion of “practice” as “what people do
and what they say about what they do” (Gonzalez, 2005, p. 40). This
perspective opens up possibilities of teachers drawing on such funds of
knowledge and relating it to the classroom work (Moll et. al, 1992).

Funds of knowledge (FoK) are acknowledged to be broad and diverse.
They are embedded in networks of relationships that are often thick and
multi-stranded, in the sense that one may be related to the same person
in multiple ways, and that one may interact with the same person for
different kinds of knowledge. In other words, FoK points to the diversity
of contexts and settings from which knowledge is acquired. FoK are also
connected and reciprocal. When they are not readily available within
households, they are then drawn from outside of household from the
networks in the community. The concept thus emphasises social inter-
dependence. Further, from the funds of knowledge perspective, children
in households are active participants, not passive by-standers. This paper
looks at “funds of knowledge” as a resource pool that emerges from
people's life experiences and is available to the members of the group
which could be households, communities or neighbourhoods. In a situation
where people frequently change jobs and look for better wages and
possibilities, members of the household need to possess a wide range of
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complex knowledge and skills to cope and adapt with the changing
circumstances and work contexts. Such a knowledge base becomes
necessary to avoid reliance and dependence on experts or specialists,
particularly in jobs that require maintenance of machines and equipments.

Socio-cultural studies in mathematics and science education have
argued that cultural resources and funds of knowledge (Gonzalez, Andrade,
Civil & Moll, 2001) of people from non dominant and underprivileged
backgrounds are often not leveraged (Barton & Tan, 2009) in school
teaching and learning practices. Neither is their knowledge from everyday
life experience valorised (Abreu, 2008) and built upon in the classrooms
nor is their identity acknowledged. Access to such school education that
is seen as meaningful and relevant by the underprivileged communities
and connected to their life settings has remained elusive. What is offered
in schools at present is a structured educational package detached from
most students' everyday life experiences, yet accepted as “legitimate”
knowledge since it acts as the “gate-keeper” (Skovsmose, 2005) to
different kinds of opportunities and future social well-being. The legitimacy
and necessity of the “formal” school mathematics renders all other forms
of mathematical knowledge not only insignificant but also ineffective. This
“package” of formal school mathematics either repels or attracts people
depending largely on their socio-economic status. In this backdrop, it is
widely accepted that hierarchical social structure (for example, caste and
class division in the Indian society) has bearings on academic achievements
including mathematics learning (Kantha, 2009; Weiner, Burra & Bajpai,
2006).

LOCATION, COMMUNITY AND THE LEARNERS

This paper draws on from a larger study that explored the nature and
extent of everyday mathematical knowledge possessed by middle graders
from a financially disadvantaged, low-income but economically active
community based in central Mumbai. The objective of the study, done in
three overlapping parts, was to unpack and document the connections
between students' mathematical knowledge, work practices and identity
formation, and inquire into the implications of these connections for school
learning (Bose, 2015). This paper draws on the first part of the study which
looked into learners' arithmetic knowledge - numeracy knowledge, use of
arithmetical operations and solution strategies of textbook-type word
problems. What emerges from the study is the hybrid nature of middle
graders' mathematical knowledge building on both the domains - school
and outside. But more importantly, it is the access to diversity of goods
and artefact knowledge which afford development of mathematical ideas
and endeavours.

All the learners came from a densely populated, culturally diverse low-
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income settlement where economic production contributes to almost one-
third of entire Mumbai's gross domestic product (GDP), according to some
estimates (Sharma, 2000).This economically active low-income
neighbourhood is spread over a 2 square kilometre area beside locations
that fetch some of the highest property values (real estate) in the world
(Campana, 2013). The population of the settlement is estimated to be
around one million which indicates high population density of the locality
(Campana, 2013). As a characteristic feature, the settlement has a vibrant
economy in the form of micro and small enterprises dispersed among house-
holds, which include manufacturing, trade and service units with high
economic output. People living in the settlement are mostly immigrants
from different states of India who come to Mumbai in search of livelihood.
They are financially poor and most of them are unskilled labourers. The
entire community is multi-religious and multilingual with a strong social
network and prevalence of funds of knowledge to which children living in
the neighbourhood have access to right from an early age. The settlement
is thus a co-location of workplace and home for most of its residents.

The learners came from sixth grade of two government-run schools
with English and Urdu as mediums of instruction respectively. Their age
varied between 10 and 12 years and most of them were engaged in
income generating work practices after school hours wherein they either
assisted their family elders or worked independently. There were 31
randomly selected sample learners and 30 of them took the interviews
about their arithmetical knowledge.

INTERACTION WITH THE LEARNERS

I, as the principal researcher visited the schools and the community as a
non-participant observer almost regularly for close to two years and a half.
Such visits helped in building a rapport with the learners, teachers, school
authorities as well as the community elders. My visits often included lesson
observations, informal discussions with the learners and the teachers and
visit to the settlement workplaces, homes and neighbourhood. First phase
of the study from where data for this paper is drawn was ethnographic in
nature involving eclectic exploration of the learners' life-world and
opportunities available to them to gather everyday mathematical
knowledge. Individual interviews of learners about their arithmetical
knowledge were conducted which had items on “number knowledge”,
“currency knowledge”, “count-on strategies (number enumeration)”,
“computation using arithmetical operations” and “proportional reasoning”.
For every item learners were asked whether they were sure about their
answers and whether or not they wanted to make any changes. The
changes made were recorded. Learners were asked to explain the solution
procedures.
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THE PROBLEM TASKS AND SOLUTIONS

This paper discusses learners' solution strategies for two items: a) finding
the price of 25 burfi when 20 burfi cost 42 rupees, b) 981 divided 9. 14 out
of 30 learners found the prices of 10 and 5 burfi by halving 42 and 21.
Some learners however tried to employ the unitary method (to find the
price of one burfi first and then raising it to 25) at the outset but upon
getting stuck or when the calculations became complex, turned to
alternative convenient methods. Only 1 out of 30 students could correctly
complete the task using unitary method. This task showed that students
were able to switch between their out-of-school and school mathematical
knowledge which supports our contention about the hybridised form of
mathematical knowledge drawing elements from both the domains. As
justification for using the halving method, a few learners described that
what was required was to find the price of 5 burfi and since 5 is a paav
(quarter) of 20, they halved the number twice [do baar aadha karenge] -
and arrived at 21 after halving first and 11 after halving again. Learners
who arrived at 11 as a quarter price of Rs 42 concluded that the price of
25 burfi would be Rs 53 and not Rs 52.50. When asked to explain their
solution strategy, each of those learners (it was an individual interview)
described that although half of 21 is "ten and a half" but since the
shopkeepers do not return aath anna [eight annas which is equivalent to
50 paise or half a rupee], the price would thus be 53 rupees.

It was noted that some learners brought in reality perspective from
their everyday experience of rounding off which is a common practice in
economic transaction and trade these days. Learners justified that sellers
and shopkeepers often do not return change as balance amount rather
round-off to next rupee. This is part of learners' funds of knowledge derived
from their everyday context and interaction in the community that is
reflecting from their solution strategies. A few learners also used strategies
like build-on or “workable guesses”. Many of them used “closed” numbers,
“convenient” numbers and different “units” from daily usage.

Most learners drew on the old currency units based on a base-16
system that is no longer in practice but has remained as part of the social
language of the community. In the old base-16 system, 16 annas made a
rupee which was equivalent to 64 paise then, against 100 paise now
(Subramaniam & Bose, 2012). Hence, aath anna or eight annas made half
a rupee which is equivalent to fifty paise now (100 Paise = 1 Rupee). Till
recently, when the 50 paise coins were in circulation, they were often
referred to as aath aana although the base-16 system made way for the
decimal system a few decades ago. Aath anna also represents "fifty
percent” and refers to half of a whole in the local social language register.
It is also a part of the local trade language widely followed in the
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community and children living in the neighbourhood pick up such social
language as part of the community's funds of knowledge and learn about
the inter-conversions between the old and the new currency systems.

There were a handful of students who would come to me with
problems from the mathematics and science textbook or to learn topics
like long division method, fractions and operations on them. Such
interactions indicated that many learners (fifth graders then) knew exactly
where they lacked in arithmetical proficiency following the formal
algorithms and wanted to get them addressed.
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Many learners had developed number sense building on their currency
knowledge. Numbers for them were amounts of money and arithmetic
operations signified “summing up”, “getting more”, “giving away” or
“distribution” and so on (Bose & Subramaniam, 2011). For example, when
asked to divide 981 by 9, Abdul (pseudonym) a fifth grader of Urdu school
(at the time of interview in 2010) looked at the problem as “equally
distributing” Rs 981 among 9 children. This was after he had arrived at "19"
while doing the calculation on a worksheet following the long division
method learnt in school (shown in Fig. 1 above). He himself noticed the
discrepancy in the obtained result and pointed out to me that "19" cannot
be the correct answer. He argued that although he had followed the method
that his teacher had taught in the class (jaisa teacher ne sikhaya hai) but "19"
cannot be correct since if we were to distribute 981 rupees among 9 of us,
"each one would get at least hundred-hundred sir" (har ek ko kam se kam
sau-sau to milega na sir). He mentally calculated and divided Rs 900 among
9 children and arrived at Rs 100 for each of them and then divided the
remaining Rs 81 among 9 children for each to get Rs 9. Hence, each child
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gets Rs 100 plus Rs 9, i.e. Rs 109. Abdul then hesitatingly put a “O” between
“1” and “9” in the worksheet probably because he had “more faith” in the
oral procedure than school taught algorithms. Abdul had metacognitive
awareness about where he was in the middle of the calculation and gauged
the possible range of the answer. Leveraging his everyday mathematical
knowledge he could clearly see the absurdity in "19" as an answer to 981 =+
9. Abdul's justification and mathematical reasoning drew on the social
language and his social identity as a worker who distributes wages to junior
co-workers. His funds of knowledge and work context experience helped him
formulate and verify his solution strategy which subsequently informed and
refined his school mathematical knowledge. Unfortunately, he believed that
school solution can be different from those obtained outside. He said "yeh
(indicating "19") school mein sahi hai aur yeh (pointing at "109") bahar sahi
hai" (This is correct in school ("19") and this is correct outside ("109").

Abdul like other students in the same grade had number sense built
on his currency knowledge. During the above interview, he worked as a
learner (novice) in a garment making workshop after school hours.
Interactions with him indicated that his interest in school studies brought
him back to studies after a two-year gap during which period financial
condition of his family had forced him to work than attending school.
Discussions with him earlier had shown that he could add currency-values
sometimes involving 5 digit numbers purely mentally. For example, when
asked how much money would be represented by, 4 thousand rupee notes,
13 hundred rupee notes, and 21 ten rupee notes (see Fig. 2, previous page),
Abdul correctly replied, “five thousand five hundred ten rupees” but initially
wrote the sum as 550010 and subsequently corrected it to write 5510.
When asked to add 13 thousand rupee notes with 13 five-hundred rupee
notes, 18 one-hundred rupees notes, 19 fifty rupees notes and 21 ten
rupees notes, Abdul had the accurate answer as, “twenty two thousand four
hundred sixty”. Numeracy for Abdul was derived from the social aspect of
his mathematical understanding while number-literacy (formal
representation) was not.

Everyday work contexts create affordances for making decisions in
relation to work and for optimising resources and earnings. Such
optimisation processes often entail quick mental calculation and estimation
skills. Learners engaged in garment recycling work (collection of small
garment pieces in large quantities and selling) earmark workshops where
they are most likely to get a handsome quantity and know how quickly
they can fix a deal before other groups can drop in. One also has to keep
in mind the weight that can be carried easily and which can fetch a good
amount. The control over and extent of decision making, need for
optimisation, knowledge of backward and forward linkages are strongly
related to the sense of ownership that participants had about their work.
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Such linkages are often derived from community's funds of knowledge.
Similarly learners engaged in mobile repairing task reported the need for
optimising costs and quoted price, time required for carrying out repair
work, use of different kinds of parts based on the customers' paying
capacity and estimating the profit margins. All these work practices involve
different arithmetical skills such as computation, maintaining accounts,
sorting, estimation apart from decision making and optimisation to
varying extent. In addition, there are tasks that require specialised skills,
viz,, block printing work (dyeing) or zari stitching or tailoring work that
requires training through a series of stages. These out-of-school work
contexts entail different levels of interaction with arithmetical problem
and their solution procedures.

SOCIAL NATURE OF MATHEMATICAL KNOWLEDGE

Economically active low-income settlements dotted with micro enterprises
are usually rich in the occurrence of work-contexts involving dealing with
quantities of different kinds, the use of multiple units, problems involving
proportions and a cluster of related mathematical concepts such as
fractions, proportions, multiplicative reasoning, division and measurement.
Some of the strategies used by children to solve proportion problems
appear to arise spontaneously in the context of everyday mathematics
(Nunes and Bryant, 1996). From the interviews it also became clear that
many learners were comfortable in using social language such as binary
fractions that are part of everyday discourse like half (aadha), quarter
(paav) and half-quarter (aadha-paav, i.e., one-eighth) or three-fourths
(pauna), one-eighth (adha paav) and one-sixteenth (paav-paav), one-and-
a-quarter (sawa), one-and-a-half (dedh), and two-and-a- half (adhai).
Some of these number-words are stand-alone units - for example, unlike
in English, the corresponding word for three-fourths or three-quarters is
pauna which is not three (times) paav in additive literal sense but it means
three paav. This is because the semantic meaning of the word pauna is
paav-una which stands for "a paav less than" that is to say, "a paav less
than a whole" which is equivalent to three-fourths or three-quarters. It is
however interesting that fractions other than these (non-binary and
decimal fractions) were difficult to comprehend for most learners and
poorly developed despite these being present in the school curriculum.
Their everyday experience does not include most fractions dealt with in
school (for example, decimal fractions) or any kind of visual support for
arbitrary equal partitions. In their experiential world there is not much
insistence on precision, or fair division. It was noted that on many
occasions the social language entails numeracy words and mathematical
terminologies that are not part of the formal pedagogy processes or
mathematics textbooks.
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Many learners were unsure about how to represent these fractions
symbolically. A seventh grader in response to a question about how to
express pauna (three-quarters) in decimal representation came up with
alternative representations in binary system and not in decimal, namely,
teen paav (three quarters), aadha aur paav (half and a quarter), ek se paav
kam (quarter less than a whole) and also pachhattar (seventy five). The
latter representation indicates his access to social language on
percentages.

Access to community's funds of knowledge shapes the social nature
of mathematical reasoning. Most workplace activities have distinct
features as compared to the mathematics used in formal school contexts.
School mathematics is largely textbook driven which as Freudenthal says,
comes as a packaged “ready- made mathematics” (1971, p. 431). But,
mathematics that is embedded in socio-cultural and economic activities
are mostly routine and fragmented in nature, some of the work-contexts
entail on-the-spot decision making and optimisation that goes beyond
“ready-made mathematics” prescribed in schools and comes closer to
“mathematics as an activity”. Aided with such real life experience of
dealing with mathematics in their work-contexts, some students possessed
rich potential resources for gaining deeper understanding in the course of
formal learning than what they currently acquire.

SO WHAT?

The above examples underline my claims that the whole gamut of everyday
experiences including diversity of cultural and work practices shape
students’ everyday mathematical knowledge and has structural difference
with school mathematics (Bose, 2015). However, the inter-penetration
between everyday and school mathematics indicates that learning in one
domain has relevance for the other which remains to be unpacked. From
the standpoint of socio-economic influence of math learning, analysis of
such hybridised embeddings of one domain knowledge onto the other has
remained an area that calls for systematic exploration.

Out-of-school mathematics bears the functional aspect of
mathematical knowledge that is available to all and not hidden
(Subramaniam, 2010). This calls for leveraging learners' social nature of
mathematical reasoning which can possibly pave way for developing skills
and interests in learning mathematics. Pedagogy of mathematics needs
to draw on "social reasoning" for deeper conceptual understanding. At
present, there remains a disconnect between the syntactic as well as
semantic differences in the language used in everyday contexts and the
language used during classroom-teaching. For example, the arithmetic
tasks in the interviews showed flexible competence of the students in the
contextual problem tasks, and better levels of competence in handling
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currency or in doing calculations when currency was given as a cue. These
tasks also revealed students’ propensity towards using their own situation-
specific competencies and often these out-of-school learnt strategies were
amalgamated with elements of school mathematics, for example, the use
of school learnt algorithms and multiplication tables. School mathematics
offers “ready-made” mathematics and learning of its application is
stressed upon, while social nature of mathematical reasoning remains
disconnected and even unacknowledged which otherwise has a potential
to increase meaningfulness. It is therefore self-defeating for an education
system to merely aim to produce the trappings of social class, while
depriving learners of knowledge that has power because it illuminates
aspects of life and brings in meaning and hence long-lasting understanding.
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SOCIAL INQUIRY WITH MATHEMATICS IN TWO
HIGH SCHOOL CLASSROOMS

Anastasia Brelias

Northeastern Illinois University
Chicago, IL, USA

What do the inquiries afforded by socially relevant mathematics applications
look like? This paper discusses the nature of the inquiries in two high school
mathematics classes. A critical theoretical perspective on the mathematics
curriculum informs the framework used to examine these inquiries.

INTRODUCTION

Recommendations for reforming the high school mathematics curriculum
in the United States of America (USA) emphasize the importance of
incorporating mathematics applications involving societal issues in the
curriculum so that students may gain a better understanding of these
issues and deepen their knowledge of mathematics (CCSSM, 2010; NCTM
2000). What does the inquiry afforded by these socially relevant
mathematics applications look like in high school classrooms? Do they
embody ideas about curriculum advocated by critical mathematics
education scholars? The desire to answer these questions led to a study
of two high school mathematics classes in which students used
mathematics to explore a wide range of societal issues.

THEORETICAL PERSPECTIVE

Chassapis (1997) argues that mathematical constructs acquire meanings
for students beyond their mathematical meaning when applied to real-
world problems. Similar mathematics constructs are used to determine
the growth over time of a business’ profits or nuclear waste, for example.
The constructs share a common mathematical meaning in both
applications. However, these mathematics applications implicitly
emphasize different ways of thinking about human activities and support
different values. A mathematics curriculum that is dominated by
applications of the first type sends the message that increasing profits is
a valued human activity and that real-world applications of mathematics
are about figuring out ways to support capitalist markets.

The mathematics curriculum experienced by many students consists
mainly of pure mathematics problems (Apple, 1992; Ernest, 1991). To the
extent that the curriculum in the USA incorporates applications, they are
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largely inauthentic, chosen for the purpose of teaching a mathematics
concept or skill rather than to obtain a better understanding of a real-
world situation (Forman and Steen, 2000), they do not address social
justice issues because classicism racism, sexism (and other “isms”) remain
“taboo topics” in mathematics classrooms (Gutstein, 2003), or they “reify
hegemony, the exploitation of people, and a marked disregard for the
environment” as Bright (2016, p. 1) found in her examination of
mathematics textbooks. As a result, the mathematics curriculum has
distorted the knowledge students learn in schools about themselves, their
communities, and society and what they learn about mathematics as a
tool for social critique (Apple, 1992; Frankenstein, 1995).

Furthermore, applications in the mathematics curriculum have
promoted mathematics as an “ideology of certainty” (Borba & Skovsmose,
1997). A belief in the applicability of mathematics to a broad range of
situations is not problematic in and of itself. The problem arises when
mathematics is uncritically viewed as a tool for representing and making
sense of virtually any situation and that the use of mathematics vouches
for the reliability of any results obtained. This may impede a serious
discussion of mathematics applications by limiting the types of questions
that are pursued. The ideology of certainty is supported by traditional
classroom experiences where mathematics problems have one correct
answer and the task becomes finding it, or where students deal exclusively
with situations that spare students’ exposure to the kinds of challenges
encountered in the design and implementation of real-world applications.

While the mathematics curriculum has largely restricted social
inquiry, critical mathematics education scholars argue that it can foster
robust social critique. Empirical studies of mathematics applications
involving concrete instances of discrimination and exploitation (or
privileging), based on class, race, gender, and other social group identifiers
support scholars’ claims that they enhance students’ social awareness
(Gutstein, 2003; Tate, 1995; Turner, 2003). By surfacing contradictions
between sociopolitical ideals and lived experiences, these mathematical
investigations led to changes in students’ perceptions of social life that
are consonant with an emerging critical social awareness. Additionally, a
positive change occurs in most students’ perceptions of the utility of
mathematics when they have engaged in social inquiry with mathematics
in the classroom (Brantlinger, 2007; Frankenstein, 1995; Gutstein, 2003;
Tate, 1995; Turner, 2003).

Critical scholars also argue that the mathematics curriculum must
engage students in a critique of mathematics in its applications, if it is to
foster the development of views of mathematics that are critically-oriented.
For Skovsmose (1994) the principal “tasks” of a critique of mathematics
applications are uncovering assumptions, monitoring processes involved in
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the design and implementation of applications, and evaluating the effects
of using mathematics to solve a real world problem. In conceptualizing a
critique of mathematics applications, Christiansen (1996) distinguishes
between technically-oriented and critically-oriented reflections. The former
are concerned with such matters as whether the application’s calculations
address the right problem (often narrowly defined) and have been performed
correctly, the reasonableness of methods in view of what was to be
mathematized, and the reliability of results obtained. In contrast, critically-
oriented reflections address the broader consequences of using mathematics
to address a problem by uniting social, political, and ethical concerns with
technical considerations. These more critically-oriented reflections are
frequently the kind of reflections that are silenced, marginalized, or
supplanted by technical concerns when mathematical applications are
discussed, both in schools and outside of schools.

METHODS

The research sites for this study were a Mathematics Modeling class and
a Statistics class in two public high schools in the Midwestern USA. These
courses are electives taken mostly by students in their last two years of
high school and were selected because their curricula incorporated several
socially relevant mathematics applications. Mathematics topics addressed
were mainly from the advanced algebra and statistics curricula. The study’s
teacher participants created the mathematics applications that the
researcher observed. Both teachers stated that they are committed to
increasing the use of socially relevant mathematics applications in their
mathematics courses, even though neither teacher was formally schooled
in critical theories of education.

Admission to both schools is selective and highly competitive. Student
selection is based on grades and test scores on nationally normed tests.
Race is also a factor as both schools are committed to increasing the
diversity of their student body. The Mathematics Modeling class was very
diverse, racially and ethnically: 24% White, 33% Black, 23% Hispanic, 7%
Asian/Pacific Rim, and no Native Americans. According to their teacher, 13%
of the students in the class self-identified as bi-racial; 63% of the students
were male and 37% female. Socioeconomically, more students came from
working-class or poor families than middle-class families (the class included
a few students from upper middle-class families). With few exceptions, the
students in this class did not have a track record of high achievement and
interest in previous high school mathematics courses. The Statistics class
was very diverse ethnically and culturally but not very diverse racially,
reflecting the demographics of the area in which the school is located: 74%
White, 21% Asian/Pacific Rim, 5% Black, and 0% Hispanic; 51% of the
students were male and 49% female. While most students were from upper
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middle class, well-educated families, about a quarter of the students’
families lived in struggling small towns or rural areas. The Statistics class
included students who had a track record of high achievement and interest
in previous high school mathematics courses as well as students who were
not among the high-achieving mathematics students at the school and
those for whom mathematics generally did not hold much interest.

Data were gathered over a six month period through classroom
observations, interviews of teacher and student participants (93% of
students in the Modeling class, 82% of students in the Statistics class)
and review of student work and curricular materials. Data collection
focused on discourse (written and oral) about inquiry assumptions,
methods, and conclusions; they are the elements of the analytic framework
discussed later in this section. Interviews were semi-structured, guided by
a series of open-ended questions about the topics of interest to this study.
At the same time, interviews allowed for the pursuit of questions or topics
raised by participants or the researcher during the interview. For each
mathematics application, teachers were interviewed individually, and a
sample of students was interviewed individually or in groups to two to four
students. A sample of student written work was collected for each
application. These data sources —classroom observations, interviews and
documents, were triangulated to produce and enhance the credibility of
study findings. Seventeen socially relevant mathematics applications were
observed, nine in the Mathematics Modeling class and eight in the
Statistics class. They are identified by issue in Table 1.

Table 1. Class Observations and Student Interviews by School and Application

APPLICATION Davs STUDENTS ~ STUDENTS  NUMBER OF
OBSERVED  IN GROUPS  INTERVIEWED  INTERVIEWS
MATH MODELING CLASS
Death penalty 1 5 5 3
Affirmative action 3 5 12 4
Distribution of income 1 5 5 2
Social security 1 5 5 2
Nuclear waste 2 5 10 4
Toxic dumps 3 5 10 4
Voter's guide 4 8 11 5
Better transportation 14 12 23 13
Global warming 2 4 10 5
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STATISTICS CLASS
Fall projects 1 N/A 10 5
Air pollution 4 4 5 5
Fairness #1 (various issues) 1 3 8 6
Spring projects (various issues) 5 4 4 2
Death penalty 2 7 21 15
Fairness #2 (various issues) 2 6 18 14
Scarce resources 2 N/A 5 4
Equity in school funding 2 N/A 8 4

The analytic framework created for this study, referred to as the
framework for social inquiry with mathematics, draws heavily on
Skovsmose’s conceptualization of tasks of reflection on mathematics
applications and Julie’s conceptualization of domains involved in
mathematical modeling -the extramathematical reality, the consensus-
generated reality, and the intra-mathematical.

The framework sets up a relationship between inquiry contexts, or
domains, and objects of inquiry, or components, as they are respectively
called in this study. Inquiry is conceptualized as a series of acts that are
articulated in terms of what they do with respect to these objects in
different contexts. The framework contains three overarching components:
(1) assumptions, (2) methods, and (3) conclusions. Each component exists
in three domains: (A) the mathematical domain, (B) the sociopolitical
domain, and (C) the mathematical/sociopolitical domain. It may be
graphically depicted by a 3 X 3 matrix whose cells represent combinations
of inquiry components and domains. The cells of the matrix are populated
with the actual contents of inquiry, which is to say, inquiry acts related to
different components in different domains. The matrix is shown in Figure
1. It contains a sample inquiry act in each cell from one of the applications
observed -the capital punishment (death penalty) application in the
Statistics class.
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Figure 1: Framework with Example Acts of Inquiry
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Figure notes:

(1) Acts in cells 1-3 are non-contextualized (pure) mathematics. (2) Acts in cells 7-9 are
non-mathematical. (3) Acts in cells 4-6 are contextualized mathematics (mathematized
sociopolitical). (4) The component “Assumptions” encompasses assumptions, values, and
interests. “Methods,” encompasses methods, processes, and procedures. “Conclusions,”
encompasses conclusions, effects, and implications.

Socially relevant mathematics applications map mathematics onto
a problem situation involving a societal issue. Thus, the resulting inquiry
necessarily contains both mathematical and sociopolitical content. The
framework’s domains reflect these differences in content. Inquiry acts in
the mathematical domain address the inquiry’s purely mathematical
assumptions, methods and conclusions and are necessarily technically-
oriented. The mathematical/sociopolitical domain is the interface between
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the mathematical and sociopolitical domains. Inquiry acts in this domain
involve mathematized sociopolitical assumptions, procedures and
conclusions, or alternately contextualized mathematical assumptions,
procedures, and conclusions that may be technically or critically-oriented.
Inquiry in the sociopolitical domain concerns non-mathematical, or “extra-
mathematical” matters (Niss, 1996). Inquiry acts address strictly
sociopolitical assumptions, methods, and conclusions. When social actions
and policies are viewed through a critical lens -the social and political
interests of critical theory - they are evaluated with an eye on how they
help perpetuate or challenge existing inequitable social arrangements.

Analysis of each inquiry began with a deductive approach -the use
of a priori categories derived from the study’s analytic framework. It
focused on the distribution of inquiry data across cells of the matrix, noting
where they were concentrated and which cells were sparsely or densely
populated. The identification of such patterns delineated the scope and
foci of the inquiry. The examination of matrices across inquiries focused
on identifying inquiries with similar patterns. These inquiries were grouped
together. Each group was further analyzed using a modified form of
Spradley’s (1980) domain analysis to distill features shared by inquiries
or unique to an inquiry, leading to insights about the functions and topics
of inquiry.

RESULTS

Each mathematics application in this study afforded inquiry in all three
domains of the study’s framework for social inquiry with mathematics
-that is, part of the inquiry was purely mathematical in nature (inquiry in
the mathematical domain), part of the inquiry was purely sociopolitical
(inquiry in the sociopolitical domain), and part of the inquiry involved the
transformation of sociopolitical content into mathematical content or vice
versa (inquiry in the mathematical/sociopolitical domain). In the following
discussion, some key findings about the nature of the sociopolitical inquiry
(inquiry in the sociopolitical domain) at research sites will be presented
followed by key findings about the mathematical inquiry (inquiry in the
mathematical and the mathematical/sociopolitical domains).

At one end of the spectrum were mathematics applications (3 out of
17,17.6 %) that afforded minimal inquiry in the sociopolitical domain. The
inquiry was typically limited to the identification of a social problem to
investigate with mathematics and a few elements of the problem situation
to mathematize. At the other end of the spectrum were mathematics
applications involving considerable inquiry in the sociopolitical domain (14
out of 17, 82.5%). Inquiry ventured well beyond what was necessary for
the class’ mathematical investigation of the problem. There were recurring
topics of conversation in the sociopolitical domain across applications and
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research settings. In the main, conversations involved: (1) identifying a
social problem, including related social justice or fairness issues, (2)
describing social practices and mechanisms -how they work and how
they’re supposed to work, and factors that influence them, (3) discussing
plausible explanations for findings of the mathematical investigation
related to these practices or mechanisms- including but not limited to
questions about their fairness, and (4) proposing possible remedies for
social problems. It is important to note that an application did not usually
address all of these topics, although all topics were addressed by the
applications collectively. Furthermore, data analysis does not support a
relationship between the kind of social issue addressed in the application
and the topics addressed in sociopolitical inquiry. That is, all applications
could potentially address all of these topics, even if they did not.

Data analysis revealed many inquiry acts in the mathematical and
mathematical/sociopolitical domains related to assumptions, methods and
conclusions. While many acts were routine in nature, this discussion will
focus on inquiry acts that involved student reflection. Students reflected
when an aspect of the inquiry gave them reason to pause, that is, it raised
a question, or concern, or presented a challenge. Students also reflected
when they looked back at their work, examining assumptions, methods or
conclusions to see if what they had done was reasonable and made sense.
All applications afforded mathematical inquiry that contained acts of
reflection (some applications more than others). Reflections largely
occurred in the mathematical/sociopolitical domain. The following
examples illustrate topics of reflection from the death penalty inquiry.

When presented with numerical data on executions, students asked
how racial categories are constructed, seeking to reveal sociopolitical
assumptions behind the data. During interviews, some students argued
that race is “more of a socially constructed idea” (Dinesh) or an arbitrary
classification system reflecting the interests of those in power (Adam and
Matthew). Subsequent to the class’ use of chi square hypothesis testing
to investigate a variety of fairness issues, including racial bias in the death
penalty, their teacher asked them to reflect in writing on the value of this
method for investigating “fairness” issues. Here is an excerpt from a
typical reflection: “Chi square is useful in looking at fairness because it
tells you how far away an actual situation is from what you expect it to
be [if the situation is fair]...The greater the chi-square value, the farther
away the actual values are from your expected values and the less fair the
situation is” (Lauren). The following excerpts from interviews were
representative of conclusions reached by the class about the death penalty
inquiry: “The justice system isn't quite just.... Racism still really isn't dead
in this country, and it’s still good to be rich and White and influential”
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(Ming). “I found it interesting that the true unfairness [is] that murderers
of White people are far more likely to be executed than murderers of Black
victims. It seems a way, even if unconscious, for the judges and juries to
vent and yet hide their racial prejudices” (Christopher).

Many applications (10 out of 17, 58.8%) problematized mathematics’
use in the sense that they afforded mathematical inquiry involving
ambiguity or complexity. These applications were productive for inquiry
acts involving reflection on mathematics. Data analysis revealed common
topics of reflection concerning assumptions, methods, and conclusions
across mathematical inquiries. They are incorporated in the following
questions: (1) What mathematical tools or methods do | use to investigate
this problem? (2) What data do | need? (3) How do | represent the factors
or ideas in this problem situation mathematically? (4) What conclusions
can | draw? (5) How sound are the inferences | have drawn? (6) What are
the social implications of the results of the mathematical inquiry? (7) Is
mathematics relevant in this situation? It is important to note that an
application did not usually afford inquiry that supported reflection on all
of these topics, although all topics were addressed by the applications
collectively.

Inquiries involving the quantification of fairness were productive for
many of these types of reflections. Mathematical inquiries about social
justice issues often, but not always, involved ambiguity in depicting
fairness. Fairness is a sociopolitical construct. These mathematical
inquiries raised the question: How should fairness be measured? For
example, in an inquiry about the fairness of capital punishment, the
principal challenge involved operationalizing fairness, an inquiry
assumption, in relation to death penalty executions. Determining the
fairness of executions begged the question: fair compared to what?
Students struggled with figuring out which population’s racial distribution
the racial distribution of executed individuals should match as they
contemplated what a hypothetically fair distribution should look like. This
was a matter for reflection as Ming stated during an interview:

If you want to look at a particular type of distribution, like by
ethnicities on death row... then you have to find another distribution to
compare it to. And that was one of the main things | had to think about,
because otherwise, if you come up with a distribution, that really doesn’t
mean anything by itself. You had to come up with something that you
would expect it to look like, if things were fair.

During some inquiries (4/17, 23.5%), students openly questioned the
appropriateness of mathematizations to address issues with obvious
social, political and ethical dimensions. Here is an example of a reflection
that arose during the affirmative action application. The goal of the inquiry
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was to assess the validity of claims of discrimination in hiring practices
advanced by female applicants for faculty positions at a university. The
class had been analyzing numerical data to determine whether a
university’s hiring practices were fair, as the university claimed, when one
student remarked: “Wouldn't it be more fair, I'm not invalidating the
problem, but wouldn’t it be more fair if they just didn’'t look at...[gender]...
or whatever and just hired the best qualified people? | think that universities
do that: hire the best qualified employees” (Julia). This student seemed to
imply that the fairness of a university’s practices could not be determined
on the basis of the statistics, that the quality of the applicants was
paramount. Her comment represented a “teachable moment” that led to
an unplanned yet substantive and interesting class conversation about the
use of mathematics to evaluate a variety of social justice claims.

DISCUSSION AND CONCLUSIONS

Critical mathematics education scholars assert that due to the dominant
ideology of egalitarianism, equality is often assumed in our society. They
argue that the use of mathematics to scrutinize this assumption promotes
critical social awareness. Several applications in this study afforded
students the opportunity to test the validity of this assumption in the lives
of historically marginalized social groups. Students used a variety of
mathematical tools to examine the distribution of social goods and
opportunities. They analyzed numerical data to determine whether
particular social policies and practices had differential effects on social
groups. In many cases, the evidence discovered during their investigations
supported claims of discrimination. In examining social practices and
public policies that have historically fostered inequality, these inquiries
went against the grain of the canonical secondary mathematics curriculum
in the USA. It is worth noting that during interviews, all students indicated
that these were the only mathematics courses where they encountered
applications involving social justice issues.

In the case of many (but not all) applications, inquiry ventured beyond
the mathematical investigations of these issues. In fact, each of these
applications became a gateway for a fairly substantive conversation about
the respective issue. Students discussed plausible explanations for findings,
methods for alleviating or eliminating the problem investigated with
mathematics, ways of reforming aspects of social systems, and the role
of government and individuals in reform efforts. In this way, these socially
relevant applications promoted social awareness beyond that which was
obtained from the class’ mathematical investigation of the issue.

Other applications, however, afforded no inquiry about social issues
beyond what was needed for the class’ mathematical investigation. These
applications did not engage students in a discussion of the social
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implications of the data or sociopolitical assumptions underlying the data.
In these ways, applications constrained what students could learn about
these issues. A way that all applications in this study constrained students’
social awareness was by not connecting an inquiry about a particular social
issue or injustice to a broader inquiry about the ways in which various
social systems (e.g. economic, political) perpetuate injustice.

Critical mathematics education scholars argue that mathematics
must be problematized in its application to social issues to combat the
dominant, uncritical view of mathematics in society. A few mathematical
inquiries in this study involved a fairly routine application of mathematical
methods, even as they used real data and some fairly complex (multi-step)
procedures. There was no ambiguity involved, so there was little need for
interpretation and no need for deliberation. These applications lent
themselves to evaluation in simple and rather straightforward ways,
supporting the dominant ideology about mathematics.

However, most inquiries involved authentic problems that could be
described as open-ended, ill-structured, or messy. They required that
students interpret reality and make assumptions about it, determining
what was relevant about the problem situation from the standpoint of the
application, deciding how this information could be represented as data
and what mathematical procedures and tools should be used to analyze
the data. Assumptions, methods, and conclusions were problematized.
Operationalizing fairness mathematically proved to be problematical in
many cases, the outcome of a method fraught with ambiguities. What is
fair mathematically? It was not clear in several inquiries. Thus fairness
could not be “objectively” depicted with the mathematical tools; rather,
students had to make assumptions or choices about how it would be
mathematized, be it a fair distribution of income or a fair distribution of
executions. The transformation of the sociopolitical construct of fairness
into its mathematical representation required collective reflection. The
ambiguity promoted a view of mathematics as subjective, contesting the
presumed objectivity of mathematics (as objectivity is typically conceived)
in its applications.

Several inquiries underscored the need to take into account all
relevant real-world considerations of the problem situation investigated
and the constraints of available tools. This caused tension between
technical and ethical concerns: what was technically feasible (e.g. chi
square hypothesis testing required severely limiting the number of factors
that could be taken into account) and what was right (e.g. what would
make for a thorough investigation). Inquiries also contested the certainty
of mathematics by having students conduct various statistical hypothesis
tests and interpret the statistics and results obtained. Teachers pressed



424 | MES9

students for a proper interpretation of the results, which required stating
confidence or significance levels, respectively for statistics and hypothesis
tests. These statements embodied the recognition that the certainty of
conclusions is compromised by limits of confidence. In addition, teachers
required that students be clear about what mathematics could or could
not allow one to conclude about the problem.

The ambiguity, complexity and uncertainty of mathematics’ use to
investigate social issues posed authentic challenges for students. Thus,
collectively, the applications in this study provided opportunities for
students to reflect more deeply on specific mathematical tools and their
uses. That said, inquiries in this study largely promoted critique from the
standpoint of the discipline, what this study calls technically oriented
inquiry reflections on mathematics.

Finally, from a critical perspective, applications are strongly influenced
by the broader social and political contexts in which they are developed
and used. On a few occasions, applications afforded inquiry that addressed
this larger context: the interests and values of the individuals who would
use mathematics to promote an agenda to influence mathematics
applications. However, the inquiry did not tie these individuals to social
groups and ideas about how injustice operates.

FUTURE DIRECTIONS FOR RESEARCH AND PRACTICE

This paper provides an account of social inquiry with mathematics in two
classrooms using a framework that may prove useful to researchers
interested in examining the nature of social inquiry in mathematics
classrooms. Its domains and components of inquiry were useful analytic
categories for capturing the diversity of inquiries, identifying commonalities
and differences in their features, with an eye on how they support and
constrain the development of social awareness and knowledge of
mathematics as a tool for social critique. Further testing and refinement
of this analytic framework is needed. An avenue for further research is a
conceptualization of the interplay of the framework components and
inclusion of the pedagogical influences on the facilitation of social inquiry
in classrooms.

This study also has implications for educational practice. Mathematics
teachers need considerable support in the development and selection of
curricular materials. Although teachers in this study developed their own
materials, both noted that they would have done more with socially
relevant applications in their classes, but that time and their own
knowledge constraints precluded this. Less time was spent in class
discussing a social issue, when a teacher felt pressured to cover more
mathematics topics, or when the teacher’s knowledge of the societal
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problem was not sufficiently deep.

One way to support more robust, critically oriented social inquiry in
high school classrooms is to incorporate more interdisciplinary projects
across the high school curriculum. This requires changing school structures
and teaching practices and providing professional development to teachers
as they implement these projects. Using one discipline such as mathematics
to study virtually any societal issue is an inherently weak approach, as
many student participants in my study pointed out during interviews.
Furthermore, expecting high school mathematics teachers to consistently
engage their students in substantive critically-oriented social inquiry
during mathematics class seems to be unrealistic, given that their primary
responsibility currently is to support student learning of mathematics.
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ASSEMBLING MATHLIFE CHRONOTOPES
‘STREET MATHEMATICS’ AS HYBRID OF
EPISTEMIC/ONTIC KNOWLEDGE DISCOURSES
URBAN CIRCULATION IN TEACHER EDUCATION

Anna Chronaki
University of Thessaly

Could mathematics teacher education courses be part of assemblages
that grasp and circulate affective, sensorial, mnemonic and political
temporalities going beyond a mechanistic reincarnation of thinking that
deprives mathematics from the drama of life? By means of the project ‘street
mathematics’, a hybrid of assembling mathlife chronotopes, the present paper
attempts to explore the above question and its political significance for
student-teachers in a teacher education program at times of crisis. It is
argued, that through specific urban interventions in the cityscape student-
teachers can experience such assemblages as events of epistemic/ontic
knowledge discourses circulation through the public space of teacher
education institutions and/or the streets in the city.

MATHLIFE CHRONOTOPES IN TEACHER EDUCATION

Bergson (1896/2004) at the turn of the 20" century critiqued time as a
strict rationalist view of geometric space that reduces life into an ordered
‘clock time’ experience and fails to encompass the duration of inner life,
irregularity, acceleration or deceleration. In mathematics teacher education
such a limited sense of life is, currently, exemplified through institutional,
national and global demands to conform with certain requirements for the
production of efficient, flexible and competent neoliberal subjects through
curricular and assessment practices. However, discourses of the ideal
mathematical subject as a rational reasoned problem solver obeying the
ruling stratum of ‘proper mathematical activity’ as quick methods of deep
understanding, is being constantly subverted by subcultures such as our
youth including student teachers, adolescents and children in the early
years, or unschooled, marginalised and diverse groups, or disabled, racial
and gendered bodies that tend to think, talk and behave otherwise in
asymmetrical, paradox or unorthodox tropes.

In contrast to a rationalist time-space of conceiving time and life,
Bakhtin (1981) suggests the notion of ‘chronotope’ to express the
inseparable intersections of space and time -taking time as the fourth
dimension of a space conceived as a material whole. Based on examples
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from literature and the arts, Bakhtin insisted that time takes on flesh in
becoming aesthetically visible and, equally, space becomes alert to time
movement as plot and history. Narrative genres involve chronotopes (e.g.
encounter, road, castle, parlours and salon, threshold and crisis) that relate
characters with classes of identities, value systems and morals, make
linkages with social, cultural and historical contexts and play a key role in
the production of meaning and sense. In similar terms, the time-space
through wh