Proceedings of the Eighth International
Mathematics Education and Society
Conference

Volume 2
Swapna Mukhopadhyay and Brian Greer (Editors)
Portland, Oregon, United States
215t to 26th June 2015

MESS






Contents

INTRODUCTION . . . ... ... . o o .. 13

OPENING ADDRESS

Ubiratan D’Ambrosio
From Mathematics Education and Society to Mathematics Education
and a Sustainable Civilization . . . . ... ... ... ......... 19

PLENARY PAPERS

Munir Fasheh

Over 68 years with mathematics: My story of healing from modern

superstitions and reclaiming my sense of being and well-being . . .33
Bob Peterson

Weaving social justice in elementary mathematics . . . .. ... .. 61
Anita Rampal

Curriculum and critical agency: Mediating everyday mathematics .83
Ole Skovsmose

Uncertainty, pedagogical imagination, explorative reasoning, social

justice, and critique . . . . .. ... Lo 111

SYMPOSIA

Andrea McCloskey, Einat Heyd-Metzuyamin, Mellony Graven,
and Beth Herbel-Eisenmann (discussant)

Rituals: Connecting the social and disciplinary aspects of

mathematics classrooms . . . . . ... oL 127
David Stinson and Erika Bullock (coordinators), Indigo
Esmonde, Eric (Rico) Gutstein, Tesha Sengupta-Irving, Danny
Martin, Niral Shah (presenters), and Rochelle Gutierrez
(discussant)

Exploring different theoretical frontiers . . .. ... ........ 133
Mark Wolfmeyer, Nataly Chesky, and John Lupinacci



Keiko Yasukawa, Kara Jackson, Brian Street, Alan Rogers, and
Stephen Reder (discussant)
Numeracy as social practice . . . . ... ............... 145

PROJECT PRESENTATIONS

Jillian Cavanna

Mathematics teachers’ use of data and evidence in practice:

Intersection of accountability and agency . . ... ... ... ... 151
Mary Foote, Amy Roth McDuffie, Erin Turner, Julia Aguirre,
Tonya Gau Bartell, and Corey Drake

Teachers Empowered to Advance Change in Mathematics (TEACH

MATH). . . . 157
Juan Manuel Gerardo, Rochelle Gutiérrez, and Gabriela Vargas

Afterschool and into the classroom: Beginning secondary

mathematics teachers’ NOS/OTR@S relationships with marginalized

students. . . . ... 164
Shana Graham

Indigenization of mathematics curriculum: An evolving experience

....................................... 170
Anahi Huencho Ramos

Mapuche Ethnomathematics: mathematical learning’s promotion

from cultural knowledge . . . . ... ... ... L. 176
Lateefah Id-Deen

Using cogenerative dialogue to incorporate students’ perspectives

about their experiences in a mathematics classroom in an urban

school. . . .. .. 181
Dorota Lembrér, Maria Johansson, and Tamsin Meaney

Power in preschools: How to support teachers in unpacking the

PrOCESS . . . v v i 188
Carlos Lopez-Leiva, Eugenia Vomvoridi-Ivanovic, and Craig Willey

Analyzing the cultural responsiveness of two mathematics units . 194
Jasmine Ma and Sarah Radke

Interplay of artistic identities and mathematical dispositions at an art

Ccrating Company. . . . . ... ...ttt 200
Kathleen Nolan

Virtually there (again): Internship e-advisors and professional

learning communities in mathematics teacher education. . . . . . 206



Susan Staats and Forster Ntow
Critical professional identity of pre-service teacher: Introducing
theories of equity in a college algebraclass. . . . ... ... .... 212
Victoria Trinder and Gregory Larnell
Toward a decolonizing pedagogical perspective for mathematics
teachereducation . . . . ... ... ... ... ... 219
Tony Trinick, Tamsin Meaney, and Uenuku Fairhall
Finding the way: Cultural revival through mathematics education 224

RESEARCH PAPERS

Sikunder Ali
Critical mathematical competence for active citizenship within the
modernworld . . . . ... o 243
Annica Andersson and Kate le Roux
Researchers and researched as Other within the socio-p/Political turn

Annica Andersson and David Wagner

Questions from ethnomathematics trajectories . . . . .. ... .. 270
Melissa Andrade-Molina and Paola Valero

Shaping a scientific self: A circulating truth within social discourse 284
Richard Barwell and Yasmine Abtahi

Morality and news media representations of mathematics education

Marcelo Batarce
A derridean critical contribution for social theories in mathematics
educationresearch. . . ... ... ... ... ... ... .. .. ... 312
Dan Battey and Luis Leyva
Building a case for understanding relational dimensions in
mathematics classrooms . . . .. ... ... L ... 327
Arindam Bose and K. Subramaniam
“Archeology” of measurement knowledge: Implications for school

mathslearning. . . ... ... ... L o L o 340
Anita Bright

Education for whom? Word problems as carriers for cultural values

....................................... 355
Erika Bullock

Maintaining standards: A Foucauldian historical analysis of the
NCTM standards movement. . . . .. ................ 369



Jessica Hopson Burbach
Playing the game while changing the game: Teaching social justice
mathematics . . . .. ... ... . 383
Susan Carlson-Lishman and Indigo Esmonde
Teaching mathematics for social justice: Linking life history and
social justice pedagogy . . . . . ... ... .. 398
Beatriz D’Ambrosio and Celi Espasandin Lopes
Ethics and solidarity in mathematics education: Acts of creative

insubordination . . . ... ... L oo 413
Rossi D’Souza

Challenging ableism in high school mathematics . . . .. ... .. 427
Lisa Darragh

Recognizing gender in mathematics identity performances—playing

thefool? . . ... ... . ... 441

Maria do Carmo Santos Domite and Valéria de Carvalho

How do non-indigenous and indigenous (mathematics) teachers,

jointly, contribute for the revitalization of the native language? . . 455
Ander Erickson

The role of rational dependence in the mathematics classroom . . 468
Mariana Leal Ferreira

Respect for Ethnomathematics: Contributions from Brazil. . . . . 480
Karen Frangois, Carlos Monteiro, Liliane Carvalho, and Eric
Vandendriessche

Politics of ethnomathematics: An epistemological, political and

educational perspective. . . . . ... ... L. 492
Mark Franzak

Challenging stock stories of mathematics education: Meritocracy and

color-blindness within teachers beliefs. . . . . ... ... ..... 505
Peter Gates

Social class and the visual in mathematics . . . ... ... ..... 517
Thomas Gilsdorf

Gender, culture, and ethnomathematics . . . .. .. ........ 531
Gudny Helga Gunnarsdottir and Gudbjorg Palsdottir

Dealing with diversity in the mathematics classroom. . . . . ... 543

Jennifer Hall and Richard Barwell

The mathematical formatting of obesity in public health discourse . 557
Victoria Hand

Frame analysis in mathematics education . . . ... ........ 571



Kjellrun Hiis Hauge and Richard Barwell
Uncertainty in texts about climate change: A critical mathematics

education perspective. . . . ... ... L L oL 582
Ola Helenius, Maria Johansson, Troels Lange, Tamsin Meaney,
and Anna Wernberg

Beginning early: Mathematical Exclusion . .. ... ........ 596

Reinhard Hochmuth and Stephan Schreiber

Conceptualizing societal aspects of mathematics in signal analysis . 610
Sarah Hottinger

History of mathematics textbooks and the construction of

mathematical subjectivity. . . . .. ... ... .. L. 623
Eva Jablonka and Christer Bergsten

Positioning of the teacher in the improvement of classroom practice

....................................... 644
Robyn Jorgensen (Zevenbergen)

Mathematical success in culturally diverse mathematics classrooms

....................................... 657
Robyn Jorgensen (Zevenbergen) and Huma Kanwal

Scaffolding early indigenous learners into the language of

mathematics . . . .. ... ... . 670
Kari Kokka

Math teacher longevity in urban schools: What keeps math teachers

going, in one Title I public high school? . . . ... .... ... .. 684
David Kollosche

Mathematics education as a disciplinary institution. . . . . . . .. 698

Gregory Larnell and Erika Bullock
Toward a socio-spatial framework for urban mathematics education
scholarship. . . . . . ... ... L 712
Hsiu-Fei Lee and Wee Tiong Seah
“Math is not for us, not an indigenous thing, you know”: Empowering
Taiwanese indigenous learners of mathematics through the values
approach . . . . . L 723
Jacqueline Leonard, Saman Aryana, Joy Johnson, and Monica
Mitchell
Preparing Noyce Scholars in the Rocky Mountain West to teach math
and scienceinrural schools . . . . . ... ... ... ... .. ... 737
Beatrice Lumpkin



Lisa Lunney Borden
Learning mathematics through birch bark biting: Affirming
indigenousidentity . . . . ... ... L o L L 756
Renato Marcone
Who identifies a minority? A meta-research question about the lack
of research in mathematics education concerning students with
disability . . . ... ... 769
Raquel Milani and Isolda Gianni de Lima
Raquel interviews Isolda who interviews Raquel: A conversation

aboutdialogue. . . . ... ... L oo 780
Alex Montecino and Paola Valero
Product and agent: Two faces of the mathematics teacher . . . . . 794

Roxanne Moore and Paula Groves Price
Developing a positive mathematics identity for students of color:

Epistemology and critical antiracist mathematics . . . . . ... .. 807
Nirmala Naresh and Lisa Poling
Statistical education: A context for critical pedagogy . . . . . . .. 820

Kathleen Nolan and Shana Graham
Who keeps the gate? Pre-service teachers’ perceptions on teaching
and learning mathematics . . . ... ... ... .. ... ... .. 834
Daniel Orey and Milton Rosa
Long distance education: Democratizing higher education access in

Brazil . . . . . .. e 846
Lisa Osterling, Helena Grundén, and Annica Andersson

Balancing students’ valuing and mathematical values. . . . . . .. 860
Aldo Parra-Sanchez and Paola Valero

Ethnomathematical barters. . . . .. ... ... ........... 873
Matthew Petersen

Soundings toward mathematicsand peace . . . . .. ... ... .. 887

Milton Rosa and Daniel Orey

Etnomathematics: Connecting cultural aspects of mathematics

through culturally relevant pedagogy . . . . .. ... ... ..... 898
Laurie Rubel, Vivian Lim, Mary Candace Full, and Maren Hall-
Wieckert

Critical pedagogy of place in mathematics: Texts, tools and talk. . 912
Johanna Ruge and Reinhard Hochmuth

About socio-political aspects of personal experiences in university

teacher education programmes . . . .. ... ... L. 925



Jayasree Subramanian
Upper primary mathematics curriculum, the right to education in
India and some ethicalissues. . . . ... ...... .. ... ..., 939
Miwa Takeuchi
Intergenerational analysis of mathematical cultural tool appropriation
in transitional families . . . .. ... ... o oL 954
Luz Valoyes-Chavez
Racial and class tensions in Colombian mathematics classrooms . 966
Anita Wager and Amy Noelle Parks
The construction of the child in the new push for mathematics
education in early childhood. . . . . . ... ... .o 980
Anne Garrison Wilhelm, Charles Munter, and Kara Jackson
Examining relations between teachers” diagnoses of sources of
students’ difficulties in mathematics and students’ opportunities to

Keiko Yasukawa and Jeff Evans
Critically reading the numbers: OECD survey of adult skills. . . 1008

MESS8 LIST OF PARTICIPANTS . . ... .... ... .. 1023






RESEARCH PAPERS







Critical Mathematical Competence for
Active Citizenship within the
Modern World

Sikunder Ali
University College Buskerud and Vestfold Norway

In this paper, I aim to contribute, through a state-of~the-art literature
review, to exploration of critical features that mathematics as a tool offers
for reading and writing the world. Our world is crowded by scientific and
technological cultural practices, among which mathematics constitutes an
essential and integral part. In this review, I look at interactions between
developments within mathematics as a discipline (especially mathematics
as applied in various fields such as statistics, economics, finance, engi-
neering) and mathematics as a subject taught in schools, specﬁcal[y the
secondary and higher secondary levels. The product of this critical review
is fo formulate a set of proposals meant to bring a critical eye to bear on
mathematical structures taking away citizens’ critical capacity to read
and write the world. These structures render citizens docile, in-active, and
un-able to make their input into the authoritative characteristics that these
mathematical structures achieve through the processes of abstraction and
objectifications within the context of the constitution of the modern world
through actions of techno-science and technology.

Context of the Research Project

Modern societies are built around complex mechanisms to regulate
matters such as trade among different countries and regions, through
negotiation and dialogues in different dimensions such as political,
economic, cultural, and other related domains. Within a framework of
nation states, peoples compete, hopefully to co-operate and to create
opportunities for mutual co-existence in an increasingly globalized
world. Capitalism in one form or other is holding sway in governing
societies around the world. Under the strong influence of the capi-
talist economies, the ways of living of people are getting affected as
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well. For example, people develop calculated rationalities to organize
their daily living. This process could start from organizing a monthly
budget, to organizing the education of their children—in general,
planning how to use resources such as time, money, and human effort
to achieve different objectives of their lives.

Governing patterns have also changed greatly in modern societies.
Societies have developed different kinds of strategies to govern the
population within a frame of the state (Baber, 2007; Foucault, 2003;
Hacking, 1999, 2001, 2002; Neocleous, 2003; Prewit, 1987; Rose, 1999;
Rose & Miller, 1992). For instance, Foucault (2003) detected a shift in
unit of government from family to governing population.

Furthermore, statistics presupposes the “... emergence of the calcu-
lating rationality of the bourgeoisie class” (Neocleous, 2003, pp. 52-53).
Specialized techniques of statistics have been utilized to study the
social phenomena. In this way, the complexity of social phenomena
has been reduced to some manageable units or variables, and constant
attempts have been made to posit some causal connections among
the phenomena. Therefore, complex phenomena have been put into
the machine of generating quantified generalized knowledge wherein
some numbers appear on the social planes with their significance
embedded in the socio-political space within society. The practice of
standardization can be one form of generating a condition of interac-
tion among diverse interests.

...standardization is not just a matter of the imposition of a
system of bureaucratic regulation. Rather, it is a condition for
interaction in diversified societies with an expanded division of
labour, requiring common means of “trading” between different
sectors—that is to say, requiring something that will provide a
certain “translatability”. Stable standards thus enable the coor-
dination of commercial activities across wide time-space zones,
producing a means by which widely dispersed activities can be
made commensurable one with another (Rose, 1999, 206-207).

It has also been argued that quantification created room for dem-
ocratic public spaces where people were not judged according to
status but judged through numbers (Alonso & Starr, 1987). This pro-
cess of quantification has generated standardization which has led
to objective exchange of goods and services without dependence on
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personalities. The significant point is that the officials who use the
statistical calculations are also constrained by the calculative apparatus
they use.

Quantification is significant because it standardizes both its
object and its subject—the act of exchange is no longer depen-
dent on the personalities or statuses of those involved. ... Hence,
while quantification is certainly bound up with the emergence
of a specialist elite who calculate in terms of numbers, this is
not simply a matter of the rise of technocracy. The officials who
use these statistical and calculative methods are themselves con-
strained by the calculative apparatus they use. And this means
that quantification produces a certain type of objectivity (Rose,

1999, 206-207).

Baber (2007) has demonstrated that numbers and functioning of
liberal democracy are linked together; that is, the extensive uses of
numbers have made possible for liberal democracy to function the way
it functions in the current political landscape. Furthermore, he has
shown how numbers are being used in making subtle government of
citizens within the liberal democratic tradition possible, and how this
governmentalization process conceals its own governing strategies.
'This double nature of relationship between governmentalization and
the numbers raises the importance of developing a critical approach,
mathemacy, needed for reflective judgement of citizens within dem-
ocratic societies in today’s increasingly globalized world. Under these
conditions, literacy and numeracy become two important aspects that
prepare citizens to become effective in handling varied demands of
their lives in complex modern societies.

Moreover, in order to face a fast changing-world and become
actively engaged, citizens require both critical literacy and critical
competence in mathematics, and both can play important roles. For
example, Morgan (1997) describes critical literacy as follows:

Critical literacy encourages students to challenge taken-for-
granted meanings and “truth” about a way of thinking, reading
and writing the world. It works against the notion that meaning
is transparent, neutral, and unproblematic. Critical literacy also
questions the neutrality of power relations within the discourses.
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In pedagogic terms, students should be encouraged to develop
enquiring minds that question the cultural and ideological
assumptions underwriting any text. They also learn to investigate
the politics of representation in the discourse, interrogate the
unequal power relations embedded in texts, and become astute
readers of the ways texts position speakers and readers within
discourse (Morgan, 1997, p. 259).

Similarly, critical mathematical competence can be looked at in terms
of empowerment of citizens as individuals and citizens as part of soci-
ety. This empowerment can be achieved by developing mathematical
power in terms of overcoming the barriers to higher education and
employment and creating critical competence among citizens via
mathematics (Ernest, 1996, p. 1). In this way, critical literacy and crit-
ical mathematical literacy can go hand in hand to develop the power
of citizens to challenge the taken-for-grantedness of the text, or any
claim made through it. Through the tools of critical literacy and crit-
ical mathematical literacy we can uncover the power relations that
are responsible for the creation of the text. In this way, focus will be
brought to the cultural and ideological assumptions behind the text
production. The same holds for the ways in which messages are cre-
ated by different media technologies.

Moreover, recent economic crises (or financial crises) in Europe
and the USA have raised the importance of bringing a critical eye
to bear on the mathematical models that banks or insurance com-
panies are/were selling in order to make profits. On the other hand,
citizens simply become/became passive actors in the crises as, due to
their lack of knowledge or competence, they were unable to make
informed decisions on important matters such as mortgages for
homes. By implication, they become dependent on expertise/advice
of financial counsellors who guided/misguided them (intentionally
or unintentionally), and ultimately this lack of critical competence
among citizens led them to suffer greater losses (financially, socially,
and psychologically). This brings us to the need to create an active
and agentive citizenship that would afford citizens access to their
entitlements, in significant part by gaining competence in mathemat-
ics while becoming critical towards the mathematical structures and
models which are formatting the modern world we inhabit. Here cit-
izens exercise their rights via entitlement to “mathemacy” for reading
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and writing their lifeworld critically, and ultimately to shape their
lifeworld with informed decision-making.

There follow three examples that illustrate a need for citizens to
understand socio-mathematical situations within their lives that are
formatted through mathematical structures.

Example 1: Payment of Taxes as an
Obligation on Part of Citizens

Over time, different societies and cultures have evolved varied sets
of mechanisms in order to regulate themselves. Forms and strate-
gies of governance/regulation of societies are evolving/changing
constantly. One of the important aspects of governance has been
economic sustenance of a society. Here imposing/collecting taxes has
been instrumental for economic viability of any society. The state as
an instrument for the economic sustenance of society has created dif-
terent formulae and structures to provide a constant flow of resources
in order ensure good economic health. The state uses taxation as an
important instrument to take out a portion of the income (personal
income or income of a company) to generate financial resources for
running the affairs of a society. The fixing of a particular level of taxa-
tion by any state has been an expression of political compromise that a
particular polity of the particular society has agreed upon. Historically,
the regime of taxation (include evolution of particular percentages
within particular levels of taxation as a whole) have evolved. Often
the determination of a particular level of taxation has also been an
act of struggle. Many precious human lives have been compromised
because of this struggle to achieve an agreement on a particular degree
of taxes within a society. One can learn about these fierce economic
and political struggles in societies such as UK, France, Germany and
USA. Correct payment of taxes has been conceived of as an import-
ant obligation on the part of citizens in meriting citizenship within a
particular polity.

A related realization is that citizens should be able to get a good
education whereby they have possibilities to develop set of interpre-
tations about taxation principles and the ways these principles are
formulated and agreed upon. The ways different groups or actors
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make their claims inform getting discounts on their taxation struc-
tures and their systematic or unsystematic struggles and strategies to
achieve their goals. That is, it is an right of citizens to achieve good
understanding of the processes involved in the formulation of prin-
ciples and structures behind the taxation structures in a society. In
this way, citizens would participate actively, not only in understand-
ing the principles or logic behind the taxation structures, but also in
acquiring sufficient knowledge to enable them to have an active input
in making processes of formulating taxation more democratic in a
society. Here various questions arise: Are practices of mathematics
education at different levels of schooling in a society making citizens
aware of their entitlements of knowing principles/structures through
which a taxation system in a particular society operates? Can we find
examples that can show us such educational practices in action? How
can one characterize these examples from the point of view of their
effectiveness? What gaps can we find in the effectiveness of these
exemplary practices? What should we do so that we can improve
entitlements of citizens to become able to evaluate critically these
exemplary practices?

Example 2: Buying a House while Understanding
the Market, and Motives and Models of

Decision-making of the Significant Factors

Housing is one of the basic human needs, for which one wants to
find a good solution. That requires one to take into consideration fac-
tors such as earning power of a person or family, the locality where
the person lives or wants to live, housing market (buying and selling
values of houses), the seasons for which houses are sold or bought,
interest rates on housing loans, accessibility or factors determining
the availability of a housing loan, general banking policies and gov-
ernment policies concerning housing in a particular society, size of the
family, and so on. In other words, finding a reasonable house to rent or
own is a complex matter to handle. If one is not knowledgeable about
the factors that determine the conditions of the housing market, then
there are multiple possibilities that citizens can make decisions that
can waste their valuable income resources. The negative effects of the
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housing market have been clearly demonstrated by recent economic
crises in countries such as Spain. The property boom dburst, and it
destroyed not only the citizens who were buying the houses, but also
many companies who were engaged in selling the housing prod-
ucts based on certain trends and models. These mathematical trends
and greedy profit motives created conditions for speculations which
inflated the prices of housing fictitiously, and subsequently buyers of
the houses were trapped by the ramifications of these speculations. In
other words, speculation on the housing market brought resulted in
economic catastrophes for the companies as well as for the citizens
who were buying the houses, all on the basis of spurious mathemat-
ical models. Many families were destroyed because of not having the
capacity to read the housing trends critically. This outcome clearly
raises the importance of citizens having an entitlement to an educa-
tion that supports them in exercising their critical capacities to make
informed decisions such as buying or not buying a house and how the
housing market is organized.

Example 3: Taking Health Insurance for Life and
the Politics of Body Mass Index

Societies are increasingly operating in insecure environments. The
nature of the problems facing us requires us to cope with uncertainty.
Here, tools with deterministic calculations might not help us much
to deal with situations of uncertainty and risks. For example, securing
health in a modern society is receiving increasing attention. There
are different insurance companies that offer a variety of products to
provide health coverage for a person. Often these companies operate
on models devised through statistical methods or knowledge derived
through empirical methods. The companies use several indices to
inform their decision-making processes in formulating packages
suitable for securing health coverage of people within different age
groups. One of the common indices the health insurance companies
use is Body Mass Index (BMI). This is defined as ratio between mass
in kilograms divided by the square of the height in square meters. This
index is typically used to quantify the obesity of the population of a

country. Usually this norm of obesity in an individual case is used as
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a reference point to compare the body mass index of the particular
person in order to estimate chances of longevity or early or later death
of the person. For example, in the USA, there are companies that
require a person who seeks their insurance product to monitor their
BMI on a regular basis. If this measure is not within an acceptable
limit, then they should make decision on changing their lifestyle or
eating habits so that they bring down their BMI to an agreed level. If
not, then they have to either pay an expensive premium or leave the
company health coverage. In other words, socio-mathematical models
bring implications for the securing of health coverage. Hence the
question arises: how can one support citizens so that they can develop
their entitlements to read and interpret their world in a critical way?
How they find opportunities to give an active input to decision-mak-
ing processes of companies and the state concerning security of their
health or minimizing risks to their healthy life?

Critical Mathematics Competence and

Democracy

Democratic society requires that its state, government, and legal
framework should provide conditions for equitable distribution of
resources within and among states, regions, groups, and individuals,
for the increase/regeneration of economic resources. In this regard,
mathematics is conceived of as important in creating conditions of
democratic functioning while potentiating citizens/regions to settle
issues such as resource allocation through logic based on rational-
ity. Mathematics is thought of as important in providing objectivity,
whereby everything is measured in one way or other. The intensive
pressure of scientific and technological advances has led to fore-
grounding the act of measurement so that one can quantify current
resources (human, time, financial, and material) and their utility in
future through planning processes. Through mathematics, one can
formulate conceptual objects namely categories (through codings/
identifying variables) and relationships (in the form of models).

This process of formulating mathematical objects or mathematical
structures in forms of models is not a neutral process. It brings a
host of ethical issues in modern society. The intentions of modellers,
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and the social and technological contexts, shape the very purposes for
which mathematical objects and structures are applied or used. This
is very much a political process, therefore it requires all citizens to
not only get an access to this process of objectification of mathemat-
ical objects and structures but to acquire knowledge/skills in order to
have the possibility of an active understanding of, and control over,
these mathematical processes. Often mathematical structures act as
action tools but these structures hide their own principles on which
they operate. Technical experts and machines usually hold control on
the formation and implementation of these processes. Experts and
machines do the calculations for us, but normally do not tell us about
the underlying principles on which these mathematical models are
based. These underlying principles are normally “black-boxed”. It
requires active engagement of citizens not only to understand these
black-boxed principles but also to see them in the social contexts that
create conditions for existence and possible uses/misuses of these
underlying mathematical principles by various social actors who
invoke these mathematical structures in order to promote their own
proposals/projects. Through bringing a critical eye to bear on these
black-boxed principles, citizens would add to the quality of democ-
racy of the societies they live in. This could generate possibilities of
dialogues between citizens, states, and other important actors in soci-
ety for working together for the greater promotion of democracy in
all walks of life.

One finds a gap in Mathematics Education, wherein there has not
been many serious attempts made to prepare citizens to become crit-
ical of the world colonized by numbers and models with increasing
intensity, controlled by experts encrypting their claims into language
that is inaccessible to people. In this situation, it becomes imperative
that there are opportunities available for citizens whereby they can
develop their competency in giving input to authorities making claims
embodied in mathematical structures. This also raises the importance
of combining literacy and numeracy together to form a mathemacy
(Baber, 2007) or to bring attention to critical mathematics education
Skovsmose, 1993, 1994, 2005). Against this background, we want to
investigate the following research questions:

* Inwhat ways do mathematical structures, through the process
of objectification, constitute the lifeworld of citizens in soci-
eties under conditions of modernity and globalization?
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* How can one develop educational processes that can facilitate
citizens to become critical towards the formatting processes of
mathematical structures as part of their entitlement to critical
mathematical competence (namely mathemacy)?

*  What are the implications for preparation of future mathe-
matics teachers in making them critical on these formative
mathematical structures?

This research can open up more opportunities to develop new lines
of enquiry for curriculum development for better understanding the
relationship between the self and the other (human and non-human)
for creating sustainable conditions for living and the quality of living
in the world. This critical consciousness can also develop organiza-
tions that would be more responsive to the needs of the users of the
services of these organizations. In this way, the quality of service pro-
visions can also be enhanced to a greater extent, and the connection
between learning and organization can be brought to bear on the
quality of services for the people and for the overall enhancement
of the quality of provisions for society. This frame of learning can
be geared to meet the needs of learners under the regime of global-
ization, wherein bringing a critical eye to technologically formatted
structures is essential.

Significance of this Project

This project will bring genealogical insights: how mathemati-
cal knowledge has been constructed historically and socially and is
used as a part of power technology. This understanding of the rela-
tion between mathematical knowledge as historically and socially
constructed and power technology would further open up new inves-
tigative fields in mathematics education, especially keeping in view
the relationship between governmentality and mathematics in for-
matting lifeworlds of citizens in modern societies such as Norway.

'This project will help citizens to link mathematical knowledge with
society and its power relationships. This, in turn, will help citizens/
learners to become conscious of their lives being constructed through
numbers and mathematical models.
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Methodological Considerations

Here I want to pursue the following theoretical and empirical inves-
tigations (with considerations of sociological, historical, comparative

perspectives):

Conceptual history of accountability and audit society—
investigations on objects such as evidence, objectivity, validity,
trustworthiness, justification, research (Foucault, 1995)
Balancing qualitative features with quantitative patterns (i.e.
politics of large numbers)

Sociology of money and taxation

Learning and teaching of Mathematics with focus on devel-
opment of active citizenship through development of critical
competence in mathematics (through development of pre-ser-
vice and in-service mathematics teachers)

Mathematics and decision making in the context of ICT
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Researchers
and Researched as Other within the
Socio-p/Political Turn

Annica Andersson and Kate le Roux
Stockholm University, University of Cape Town

This paper discusses the use of theoretical tools from the socio-p/Political
turn for viewing the positionings of researchers and the researched in
mathematics education. We focus on mathematics education contexts where
differences in these positionings have the potential to stigmatise the Other.
The research writing that provides the substance for the discussion is drawn
from two research projects focusing on inclusion and exclusion in mathe-
matics, one in Sweden and the other in South Africa. We argue that the
socio-p/Political theoretical turn provides a common lens for viewing
and working productively and ethically with the troubles of researcher/
researched and researcher/researcher relations in and across contexts.

Introduction

Talking about his background in an interview, Luthando, a black
African university student, located his home in a South African
“township”. He said his “coloured” high school was “disadvan-
taged”, lacking computers and maths teachers but having large,
noisy classes. He speaks isiZulu at home and learnt mathematics
in English. Using community resources and “cutting out” class-
room noise, Luthando “never failed”.

(le Roux, researcher, teacher, female, English-speaking, middle
class, white, South African)

Talking about his ongoing problems with mathematics, Ara, 17,
referred to his background; growing up with eight siblings in a
Kurdish immigrant family in Sweden, speaking Kurdish at home
but learning mathematics in Swedish. Ara said that after failing
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year nine mathematics he attended a compulsory summer school
“som min farbror undervisade” [that my uncle taught]. With
his improved grade he qualified for upper secondary school.
However, in addition he now also needed to work late nights at
his brother’s pizza restaurant.

(Andersson, researcher, teacher, female, Swedish-speaking,
middle class, white, Swede)

Relations between participants in the mathematics education com-
munity are the subject of ongoing debate, with researcher/practitioner,
researcher/researched, researcher/research community, and researcher/
researcher relations variously in view (e.g. Adler & Lerman, 2003;
D’Ambrosio et al., 2013; Foote & Bartell, 2011; Skovsmose, 2006). In
addition, international conferences and ease of communication in
many countries provide enabling conditions for collaborative relations
across countries and continents. Indeed, a researcher’s international
collaborations in English, the lingua franca in the research community
(Meaney, 2013), convey a level of status. However, internationalisa-
tion in mathematics education research brings with it conflicting
discourses concerning equity, plurality, complexity and values (Atweh
& Clarkson, 2002). Some researchers express reservations about what
they have to offer participants in other contexts (e.g. Wagner, 2012).
For some, collaboration requires publishing in English as a second or
third language.

The reference style in the introductory quotes in this paper is delib-
erate, because this discussion paper is about us (Kate and Annica) as
two researchers, about two mathematics students, Luthando and Ara,
who are participants in research projects in South Africar and Sweden
respectively, about mathematics education research in these contexts,
and the relations between these. The commonalities between the two
projects suggest possibilities for collaboration. The empirical focus of
both studies is how students narrate themselves and are narrated by
mathematics education discourses as included or excluded. We both
describe the student interviews in our projects as deeply troubling,
troubles related to the positionings of the researcher and researched as
Other in mathematics education in our particular contexts. Troubling
here signals that these research challenges are not just technical but
personal and contextual. The projects also share a theoretical location
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within the socio-p/Political turn (a particular naming we discuss in
this paper). Where the projects differ is the contexts of the mathemat-
ics education research, differences that position, using Janks’ (2010)
words, Kate in the p/Political south, and Annica in the p/Political
north.

The question we address is this discussion paper is, how do we
work productively and ethically with this web of similarities and
differences? To answer this question we pursue the argument that
researchers can, in a powerful way, offer the mathematics education
community appropriate theory and analysis that gives voice to others
(Gutiérrez, 2013; Valero, 2014). We argue that tools from the socio-p/
Political turn provide a common lens for viewing and working with
the troubles of the Other in researcher/researched and researcher/
researcher relations in different contexts.

We begin by explaining what we mean when we identify our
theoretical work as located in the socio-p/Political turn. Next, we
present troubling extracts from our research writing. We produced
this writing, which is the substance for the discussion, over time as we
explored our understandings of tools from the turn. This interaction
between the empirical and theoretical allows us to consider knowl-
edge production in contexts where differences in positionings have
the potential to stigmatise the Other.

The Socio-p/Political Turn

Our choice of the word furn, rather than perspective, signals our
awareness of the danger of fixing what or whom is included in a com-
munity and that we do not offer an exhaustive review. The tools in
view are those we find productive in our particular socio-p/Political
contexts, and hence our personal choice of the term socio-p/Political
in this paper. Indeed our choice of references is itself a political act.?

Tools from the Socio-p/Political Turn
Mathematical practices are re-created in social and cultural condi-
tions and are thus po/itical. These practices are networked with other

practices. Power is not an intrinsic and permanent characteristic of
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participants or practices, but is situational, relational and in constant
transformation (Valero, 2004; 2007). Power works between prac-
tices in the network and we use Po/itical to signify these macro-level
processes.’ Power also works at the micro-level in actions between
participants, and hence our choice of po/itical. The relation between
a socio-Political practice and participants’ micro-level socio-politi-
cal actions is dialectical. On the one hand, the former practice gives
meaning to micro-level actions, offering certain subject positions for
participants. On the other hand the participants’ actions give mean-
ing to the practice — participants have agency (Stinson, 2008) and
position themselves in ways that are reflexive, relational and contex-
tual (Wagner & Herbel-Eisenmann, 2009). Thus, all participants are
implicated in the construction and circulation of power and math-
ematical practices are the sites of both reproduction and resistance
(Gutiérrez, 2013). Our use of the term positionings recognises that
positions are given meaning in multiple ways at the macro- and
micro-level.

These tools have implications for what we as researchers choose
to bring into view and how we do this. They also provide a view of
researcher positionings in the network of practices. We discuss these
methodological and ethical entailments next.

Methodological and Ethical Entailments

Since macro-level socio-Political practices are not just background to
but give meaning to participants’actions, it follows that both micro-
level actions and macro-level practices, as well as the relations between
these levels, are in view (de Freitas & Zolkower, 2009; Valero, 2007).
This includes making careful discursive choices when giving voice to
students at the micro-level (Gutiérrez, 2013; Stinson, 2008).

In addition, research in mathematics education itself is part of
the network of socio-Political practices. This practice constitutes the
objects of research (Valero, 2004). Since the researcher herself is posi-
tioned in the network (Valero, 2007), she is both constrained by the
practice and positions herself in the practice. Thus the researcher’s
choices - the questions, the tools, what and how to write and in what
language, the knowledge produced - are not neutral (d’Ambrosio et
al., 2013). Thus the researcher is called to account for her own role in
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the research, rather than simply saying who she is for transparency
(Chronaki, 2004; Valero, 2004).

Before discussing our use of these theoretical tools, we develop
our stories about Luthando and Ara, the two students represented in
the introduction. This writing represents a particular moment in the
ongoing interaction between our understandings of the tools and our
empirical work with the interviews.*

Our Research Writing
Luthando’s Talk about University

(le Roux, researcher, teacher, female, English-speaking, middle class,
white, South African)

Luthando described how, as a school student, he told himself he
was “definitely” going to the “best” university in South Africa.
His application to study engineering was not successful. Instead,
this university classified him as having the potential to succeed
in science but educationally disadvantaged, and placed him in a
support programme. Luthando described his initial “struggles”
with mathematics, but within a few months his position was
“good” and he was getting “all As”. Finding money to travel
home for the vacation was difficult, but on campus he could use
his financial aid to buy food and books. At that stage he said
additional support was an “advantage”. However, after complet-
ing two years in the programme he encountered “definitions”
and “proofs” in advanced mathematics and felt excluded from
the classroom conversations:

... the lecturer is bouncing ideas around and you don’t
know what the hell they are talking about and you get stu-
dents, really smart students, students who really, really love
maths and [...] you get them interacting a lot with the
lecturer and you are totally lost.

Luthando described other university students as “really, really
disadvantaged”, but his and his family’s concerns about his
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difficulties securing a study bursary recurred in the interviews.
In his fourth year at university he lost his “love” of mathematics,
stopped attending classes, and failed one of his final courses.
However, the next year he was told he could transfer to an
engineering programme if he passed mathematics. With this
career focus he secured a bursary and he spoke about providing
his family and himself with a “good life” when qualified as an
engineer. He felt motivated to pass mathematics, but said the
support programme had been a “disadvantage” for his progress
in mathematics.

Ara’s Talk About Mathematics
in Upper Secondary School

(Andersson, researcher, teacher, female, Swedish-speaking, middle
class, white, Swede)

At the end of Ara’s first semester in upper secondary school, Ara
expressed concerns for not passing the compulsory mathematics
course. After receiving a written warning [IG-varning], Ara gave
an impression of resignation and worry:

I did not fix the tests so very well [...] but Elin will help
me with extra assignments, [...] she said I had to just do
it. I need to spend more time on it (sighs) and just hope
for the best.

[Jag fixa inte provet sa jittebra [...] jag kommer att fa
hjilp av Elin med inlimningsuppgifter [...] hon sa jag
miste ta itu med det. Maste ligga mer tid pa det (suckar)
och hoppas pa det bista.]

When asked about the reasons for his bad results, he referred
to his home situation. He had not informed his parents which
he was expected to do, as he was afraid of their response. His
parents were poor when they came to Sweden and they wanted
a different life for their children. However, what Ara raised as his
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main problem was his older brother who expected Ara to start
early and work late every weekend at his restaurant. This affected
Ara who became constantly tired and it reduced his study time.

When asked about his future, Ara told that he desperately
wanted to move from his brother and the impact his brother has
on his life and his responsibilities to earn money for the family.
He gave a stressed impression in the way he tightened his shoul-
ders and tramped with his foot when he reflected:

Must have my pass grade, it will not be a good life for
me because mathematics is important. I hope it goes well.

(sighs)

[Maste ju ha betyg, det kommer inte att gé bra for mig i
livet, matte dr viktigt. Jag hoppas det gir bra. (suckar)]

Ara said that it was difficult to concentrate in the classroom.
Classmates disturbed him and he was always tired. Hence the
tests become problematic and he failed:

It is as if my brain mixes up different things, it don’t rec-
ognise the stuft I have studied when it comes on the math
test. Then you're history.

[Hjdrnan blandar ihop olika saker, den kinner inte igen
det jag pluggat nir det kommer pd matteskrivningen. Da
ir det kort. ]

Lastly, with an angry voice he stated that he had the “Worst
things at home to think of, and my teacher just talks about
mathematics, she does not understand anything, she only thinks
about mathematics”. He concludes that this situation is not
unique; this is how it is in many immigration families. “We all
know it but we don’t talk about it with you.”

MESS | 261



Locating our Writing in the
Socio-p/Political Turn

'The interviews with Luthando and Ara and other students in our
projects are a remarkably rich source of student voice on their expe-
riences of being mathematics students in the two socio-Political
contexts of South Africa and Sweden. However, as noted, these inter-
views are also a source of deep methodological and ethical trouble for
us as researchers, trouble related to the positionings of the students
and ourselves in these contexts. In this section we use the tools of the
socio-p/Political turn to discuss our troubles with the empirical data
and how we respond in our writing. The tools bring into view the
similarities in our work as mathematics education researchers, with
the differences, our Otherness, lying in the contextual differences of
the two countries.

Troubled Writing about the Other

As researchers we recognise the material, discursive and psycholog-
ical load on students’ lived experiences of particular positionings in
our contexts. For example, in South Africa positionings like “black
African”, “township” and “English second-language” in turn position
students like Luthando as “disadvantaged” re-accessing mathematical
practices and the related symbolic and material rewards. For Ara in
Sweden, positionings like “immigrant” [blatte] and “second-language
student” position him in turn as “marginalized” relative to mathe-
matical practices. These are loads that we, Kate and Annica, have not
experienced and which position us as Other relative to students like
Luthando and Ara.

There is a need for us as mathematics education researchers to give
meaning to the complex ways that Luthando and Ara work with these
positionings and their associated load in time and space. However,
responding to this need means not using these positionings analyti-
cally in ways that become reified and have the potential to contribute
to further stigmatisation and harm. This means, for example, taking
care to represent the financial struggles of the two students’ families
and their wish to overcome these through education in ways that
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are meaningful and respectful in South Africa and Sweden respec-
tively. Responding to this need also means foregrounding particular
positions for Luthando and Ara and backgrounding others not visi-
ble in the interviews. For Kate, it means taking care not to represent
Luthando’s “success” in university mathematics as a “good news
story”, a representation that backgrounds the relative lack of “success”
of many students with backgrounds like Luthando, and potentially
leaves the structure unchanged.

Bringing into view Luthando and Ara’s complex work also requires
writing about how they position themselves differently within one
interview and also across longitudinal interviews. For Kate this means
representing, in a linear way for publication, how Luthando over five
years variously represents as “dis/advantaged” his home and school
background and the support programme. For Annica, this means
writing about, on the one hand, Ara’s talk about wanting to be good
in maths, wanting his parents to be proud of him and to be a good
Muslim, but on the other, his stories about stealing video-films and
cheating on maths tests. It means writing about how Ara variously
positions her, the researcher, as an authority in mathematics, as a
trusted confident, and as the Other, that is, as a Swede with whom
immigrants do not share certain things: “we don't talk about it with

”»

you” .
The socio-p/Political turn acknowledges students as “whole”

individuals (Valero, 2004) and emphasises the importance of power
relations at the macro- and micro-levels, positionings and discourses
— in other words how we fluently relate to each other in particular
contexts (Gutiérrez, 2013; Wagner & Herbel-Eisenmann, 2009). In
the rest of this section we use these tools to account for our discursive
and p/Political choices of what in the interviews to bring into view
and how to do this.

Constraints on Discursive and Political Choices

Firstly, our words discursive and Political signify the theoretical view
that the choices of Kate, Annica, Luthando and Ara are constrained
in different ways by the wider contexts. As noted, positionings related
to race, socio-economic class and language in our backgrounds have
been identified as having effects on educational opportunity and
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performance in mathematics both in South Africa and Sweden. Thus,
our choice to write about these positionings and how the students
position themselves in mathematics education is not idiosyncratic,
but identifies the researchers and the researched as Other in ways that
matter in mathematics education in these contexts.

These positionings in our backgrounds also constrain our discursive
and Political choices in the present and future. Luthando is identi-
fied by the university as having the potential to succeed, but on the
basis of his race, school and language background is placed in a sup-
port programme with other students positioned in this way. Being a
support programme student in turn defines his opportunities to be a
university mathematics student. Luthando himself looks back at this
positioning as a “disadvantage”. Ara’s positionings do not qualify him
for special education in Sweden, but he indicates that he might fail
just because of these positionings. Thus, both students regard their
current positionings as closing opportunities to be “successful” math-
ematics students in the future. Indeed, the importance of this success
for the students’ futures figures large in the interviews; both Luthando
and Ara suggest that their “success” in mathematics has implications
for how they will be positioned in education, work, and family prac-
tices in the future.

'The tools of the socio-p/Political turn bring into view how power
works at the macro-level by offering particular positionings for
students in particular contexts. Thus we can ask whether these posi-
tionings act in reproductive ways. The turn also brings into view how
we as researchers, who are positioned differently to Luthando and Ara
in the contexts of our research, may be complicit in that reproduction
when we write. However, the socio-p/Political turn also brings into
view participants’ agency and how power works reflexively and rela-
tionally at the micro-level. We turn to this next.

Acting through Discursive and Political Choices

Our use of the words discursive and political signifies the theoretical
view that Kate and Luthando’s choices and Annica and Ara’s choices
also act in the context of opportunity and performance in mathemat-
ics education in South Africa and Sweden respectively. The quotes
Kate chooses for her writing about Luthando’s interviews indicate
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that positionings related to race, socio-economic class, language and
disadvantage are part of his language for talking about being a math-
ematics student with a particular home and school background in
a support programme at university. Annica’s choice of quotes indi-
cate in a similar vein that positionings about being an immigrant,
Kurdish speaking and marginalised are part of Ara’s talk about his
experiences in mathematics education. At the micro-level, these stu-
dents’ choices are discursive and political as they act agentically within
the set of power relations to position themselves in various practices.
These actions may involve reproducing, redefining or rejecting the
positionings they identify in their respective contexts. In our writing
we aim to bring into view the complexity of the actions of students
like Luthando and Ara as they work to become mathematics students.

The socio-p/Political also brings into view how the discursive and
political choices of both researcher and researched act in the inter-
views themselves. In particular we recognise how Luthando and
Ara use language reflexively to position themselves politically at a
particular moment relative to the past and future and relative to the
researcher as Other. Ara positioned Annica as somebody he trusted
and hence reproduced the positioning of a student who possessed
important knowledge about mathematics education that should be
shared with others. However, he also positioned himself as Ara, about
to fail in mathematics. Ara positioned Annica as an authority and
Annica recognised that he initially told stories he might believe she
wanted to hear. However, later in the conversations he shared stories
about stealing video-films, cheating on maths tests etc. And then, at
the end of the second interview he positioned Annica as one of the
Others, the “you”; one of the Swedes as opposed to the Immigrants
when explaining “we don't talk about it with yoz”.

This description of Annica’s interviews with Ara illustrates well
the reflexive, relational and contextual nature of the power relations
in the interview process. Yet the nature of these power relations shifts
when the researcher comes to write about the interviews. Recognising
her own discursive and political power as a researcher in this context,
Annica makes further careful choices aimed at building a rich and
caring description of the Other. Firstly, in her wider study Annica
asked participants to select their own pseudonyms. However Ara
chose not to. Thus, Annica turned to a Kurdish language teacher at
Ara’s school who suggested and explained different Kurdish male
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names. Annica chose “Ara’, meaning Wind, to represent the elusive-
ness of her research relationship with Ara at that moment in time.
Secondly, following Meaney (2013), Annica represents Ara’s talk both
in Swedish and in English. This move positions her and Ara in the
context; Ara speaks Kurdish at home, Annica interviewed Ara in
Swedish and transcribed in Swedish, Annica translated the Swedish
into English for publication. Since English is not Annica’s home lan-
guage, this final translation itself positions her in another set of power
relations within the research community.

Finally, our self-identification in the introduction to this paper
serves as a constant reminder of the inequities in the discursive and
political choices of researcher and researched in our contexts and our
responsibility to write about the interviews with care. It also fore-
grounds the importance of our work as researchers in giving voice
to the Other. We cannot draw on our “lived experiences” Gutiérrez
(2013) as marginalized or disadvantaged in our own contexts, but
our “bearing witness” and “orienting” experiences (Foote & Bartell,
2011) in our own contexts makes this work our only choice. Our ref-
erence style also resists the dominant way of writing in the research
community.

Conclusions

In this paper we (Kate and Annica) have discussed research troubles
that stem from meaningful differences in researcher/researcher and
researcher/researched relations within and across contexts in math-
ematics education. Drawing on interviews from research projects in
Sweden and South Africa we have surfaced the trouble of accounting
for what we bring into view and how we do this in our writing about
the Other in each of these contexts. We have also surfaced the trou-
bles of collaboration between researchers who share common research
interests, but whose contexts position them as Other relative to one
another.

We have used the interaction between the empirical and theoretical
in our writing to argue that tools from within the socio-p/Political
turn enable us as researchers to view and to work productively and
ethically with this web of similarities and differences. That is, we
can view relations of Other within and across contexts in terms of
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power relations and positioning in the dialectic between macro-level
socio-Political practices and micro-level socio-political actions. These
tools enable us to account for our discursive and p/Political choices of
what and how we write about Luthando and Ara respectively. These
tools also provide a framework for us to work productively and ethi-
cally with one another as researchers, as these tools open up the wider
socio-Political contexts that define our Otherness and inform how
we work with one another. They also foreground how our discursive
and political choices position one another in our collaboration. Using
interviews from research projects in our own contexts to explore our
understandings of the socio-p/Political turn leads us to suggest that
working within this turn is not just about using particular tools, but
also about assuming an “attitude” that seeks for consistency between
those tools and our actions as researchers in researcher/researched and
researcher/researcher relations.

Notes

1. This project is financially supported by the Andrew W. Mellon
Foundation.

2. We reference researchers specific to mathematics education, but
acknowledge that their tools draw on wider social theory. We refer
the reader to the referenced work for more detailed exposition of the
tools and their antecedents.

3. The discursive move to use upper and lower case characters to sig-
nify power relations at different levels of the social is inspired by, but
not conceptually consistent with, other such moves (c.f. Andersson,
2011; Gee, 2005; Janks, 2010).

4. The texts in this paper are necessarily short, but are elaborated
more fully in a further paper.
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Questions from Ethnomathematics
Trajectories

Annica Andersson and David Wagner
Stockholm University, University of New Brunswick

The purpose of this discussion paper is to explore and critically reflect on tra-
Jectories of ethnomathematics in research practice. This begins with our own
narratives followed by an overview of ethnomathematics within MES
conversations as empirical data. From these, we raise questions facu;ing on
the place of ethnomathematics research and practice and on what this says
about our academic culture/community.

Introduction

Our conversation (David and Annica) about ethnomathematics began
at the international conference MES7, where we attended the same
focus group discussing Swapna Mukhopadhyay’s (2013) plenary talk,
which was based on her ethnomathematical work with ship builders.
We noticed that the two of us shared similar experiences of math-
ematics, culture and (not conducting) ethnomathematical research.
We continued our conversation and decided that the place of eth-
nomathematics in the field warrants more discussion at MES. The
questions we asked ourselves initially were “Why are we not doing
ethnomathematical research, given our interest in it?” and “In what
other ways have we tried to address cultural issues in our ‘adapted’
or ‘accepted’ research and teachings?” These questions developed over
time. In this paper we draw on our own research trajectories in rela-
tion to ethnomathematics and connect these with the trajectory of
ethnomathematics research in the field, focusing on papers accepted
in the prior MES conference proceedings. We use this as a platform
for making observations and raising questions about the research dis-
courses that dominate the research field today.
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Narratives of Experience With(out)

Ethnomathematics

We begin with the narratives we wrote for each other — accounts of
our trajectories in relation to ethnomathematics, including the ques-
tions that arose from our experiences. We include accounts of context
in our narratives in recognition that our experiences and ideas are cul-
turally situated. The third narrative gives an overview of development
of ethnomathematics as expressed within MES conference

David’s Trajectory

When people outside the field ask me about my work in mathematics
education, I usually position my work in relation to the observations
that propelled me into focused reflection on my work as a mathemat-
ics teacher. For example, this excerpt comes from my autobiographical
statement on my website (http://davewagner.ca).

Prior to doing my PhD [...], I taught grades 7-12 mathematics
in Canada for six years and in Swaziland for two and a half years
[...]. It was the experience of teaching mathematics in Canada,
then Swaziland, then Canada that alerted me to the highly cultural
nature of mathematics teaching, which I had thought was culture-free
and wvalues-free. This experience prompted me to leave teaching
to investigate the cultural nature of mathematics.

My commitment to investigating the cultural nature of mathematics
was strong enough to convince me to take the financially difficult step
to become a graduate student, which involved giving up my secure,
enjoyable teaching position.

At the outset of my graduate studies, I was most drawn to the
work of Ubiritan D’Ambrosio and Ole Skovsmose. D’Ambrosio’s
articulation of the cultural nature of mathematics bolstered my con-
fidence that this warranted attention, and he gave me words to talk
and think more about this ethnomathematics. Skovsmose, a critic of
ethnomathematics (though I didn’t know it at the time), did similar
work to D’Ambrosio in my eyes. He challenged the orthodoxies of

MESS | 271



mathematics education (and here I refer to widespread societal views
of mathematics teaching and learning but his challenges also applied
to the research community).

I come from a rich tradition of orthodoxy challengers. In addition
to my mathematics education identity, I self-identify as Mennonite.
This is a Christian denomination that emerged after the reformation
in Europe. Reformers challenged the authority of the Roman Catholic
Church and set up contesting churches, still structured hierarchically
but aligned with different political powers. The Radical Reformers,
including Mennonites, said that the Reformation did not go far
enough because the reformers depended on and sustained political/
military authorities. Early Mennonites rejected the shackles of even
the new authorities. This ethic permeated my upbringing; my parents
regularly questioned traditions vocally in private and respectfully in
public. I have also come to realize that academic mathematics carries
a rich tradition of orthodoxy challenges. I have written about this in
a few places, including my essay “If mathematics is a language, how
do you swear in it?” (Wagner, 2009). Here I characterize mathemat-
ics as a tradition that questions conventional ways of seeing, invents
new spaces with alternative rules, and often finds that these invented
spaces have descriptive power in the “real world” (e.g., Wagner, 2009).

I notice that my orthodoxy challenger spirit has continued to
underpin my research and writing. But I ask what sidetracked me
from my strong interest in ethnomathematics after I observed its
tenets myself, and read about it voraciously in my early graduate
studies. I blame the charisma of David Pimm for this. “Blame” is
probably not the right word. His insightful observations on language
practices, supported by his generally attentive, generous, and respect-
ful character, got me seeing that language is the medium of cultural
development. While ethnomathematics notices differences among
cultures and their forms of mathematics in particular, where and how
would these distinctions arise? These forms of mathematics would
have arisen in community interaction, which is by nature mediated
through language.

Nevertheless, immediately after completing my dissertation
research, which was focused on language practices in the classroom, I
embarked on some ethnomathematical research. At the same time 1
continued with my interest in language and communication. I found
publishing the work on language much smoother than the work on
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ethnomathematics. So I reflect here on the reasons for my difficulties
in developing the ethnomathematics stream of my work.

The first challenge I encountered was the need to develop deep
relationships with the people with whom I would work. Looking
back, I feel naive for not realizing the (extent of the) necessity of this.
Ethnographic work, including ethnomathematics, takes a much larger
time commitment than other forms of research. This discrepancy
had a significant impact on choices of where to devote my limited
temporal resources. Early career positioning, with the expectation to
show results, exacerbated this pressure. I was fortunate to have a PhD
student (Lisa Lunney Borden) who had a long-standing connection
with Mikmaw (an Aboriginal group on the Atlantic coast of North
America) communities and who embraced ethnomathematics. Her
relationships facilitated my/our ethnomathematical work.

Second, doing the ethnomathematical work, I myself had questions
about the validity and appropriateness of it. I found that these ques-
tions aligned with some of the critiques in mathematics education
literature from people not doing ethnomathematical work. Lisa and
I tried to address the challenges in our approach to the work, and
also wrote about them from within the work. However, we often felt
short-changed because our choices in relation to those tensions cut
us off from the data that would have made publishing much easier.
In our conversations with elders and teachers, together we chose
to encourage community children to interact directly with elders
regarding their mathematics instead of us doing this ethnomathemat-
ical work and positioning ourselves as mediums of this community
knowledge (Wagner & Lunney Borden, 2012). Publication was chal-
lenged because we were not the ones doing the ethnomathematics.
Instead we wrote about the development of the conversation about
negotiating this space.

Third, in Canada and elsewhere there is a view among many First
Nations scholars (and argued against by others, including Battiste,
2013) that it is inappropriate for research relating to First Nations
communities to be published without a First Nations author. Lisa
and I found this frustrating because our submissions to journals that
were most appropriate for our work were discounted at the outset
by this ethic. We understood the viewpoint and found it somewhat
valid, because it is dangerous for outsiders to research and write about
a community without the participation of local people. However, in
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our work the community leaders wanted us to publish and did not
want to co-author (except for one book chapter that is still in process),
especially not as a token author! Again, publication was challenged.

Fourth, I have heard scholars, whom I otherwise respected, dis-
count ethnomathematics, saying it has been roundly critiqued. I am
disturbed by the weight of these critiques done by people who do not
conduct ethnomathematical research.

Ethnomathematics addresses from an equity standpoint the heart
of the question that plagues equity researchers in mathematics edu-
cation: where is the mathematics? Indeed, ethnomathematics turns
that question around and asks it of the mainstream. Thus it saddens
me to see marginalized this idea that has the potential to strike at the
fundamentals we may not feel ready to challenge.

Annica’s Trajectory

Yesterday I slowly walked around admiring the beautiful art pieces
and handicrafts made by Canadian First Nations artists at the UBC
Museum of Anthropology in Vancouver. While I was moving through
the museum I reflected on my personal deep interest in culture and
anthropology and what impact this interest has on the work I do
and have done as a researcher in mathematics education, a teacher
educator and a former upper secondary school teacher. I will in this
narrative strive to make a reflection of how these different contexts
affect my trajectory as becoming researcher, the decisions I took along
the way, and why these decisions were taken at particular points of
time. Ethnomathematics is part of that story.

During all my years teaching mathematics in Swedish secondary
schools there were issues that disturbed me. I met a large number
of 15-year old students whom, on the very first day I met them, told
stories about not feeling well in mathematics classrooms, disliking
the subject, or even hating it. These students had an interest in social
sciences, humanities, and language but usually disliked mathematics
and did not recognise the possibilities that mathematics knowledge
may offer them. I asked myself why so many students had these not-
so-good experiences of prior mathematics education. Being a teacher
I continued to reflect on pedagogy — why is mathematics not nat-
urally connected to other school subjects or present societal topics?
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Especially in the social sciences where there are such rich possibilities
to connect mathematics with culture, humanities, and the arts.

At that point in time I strived to develop my teaching whenever
possible, and place the mathematics in a cultural or societal context
to show the cultural and societal connections. Once I even managed
to raise some money to bring two classes to an art exhibition focusing
on Australian Indigenous people’s maps as art. The students explored
different aspects of maps, scales, time, and time flow and how these
can be expressed mathematically from diverse cultural perspectives.
Social science and language teacher colleagues labelled me “the crazy
math-teacher” with a smile. I took that as a compliment, but it also
prompted me to reflect: in their subjects teachers are expected to
contextualise the subject outside the classrooms, but when done in
mathematics, people reacted as though this is strange. I loved the
students’ comments, such as, “It is actually fun to have a teacher who
knows something other than maths.” Such comments indicated their
view both on the subject and on us as mathematics teachers. For me,
to be able to reach these students, I explicitly showed and discussed
in class that mathematics is a culturally developed subject (as is the
teaching), its societal importance, and the power that is connected to
the subject. The insight grew in me that mathematics and mathemat-
ics education are not values-free.

These insights challenged me to go back to University and hence
I became a post grad student. In a master program thesis I further
explored relationships between culture, society, and mathematics
teaching. With energy and happiness I read the work of Ubiritan
D’Ambrosio, who gave me arguments to support ideas I had been
developing already. Alan Bishop’s book on mathematical encultura-
tion, and Ole Skovsmose’s critical writings became food for thought.
These readings were eye-openers but also gave me a language to
express my concerns of mathematics and for the teaching of mathe-
matics as a culturally developed and situated subject.

My first experiences of mathematics education research hence con-
nected with my cultural interests, anthropology and ethnography. The
studies of ethnomathematics, ethnomathematical theories, and the
critique of ethnomathematics in combination with a developed way
of teaching made me fortunate too. I received two large scholarships
within two years. The first made it possible to attend the International
Conference on Ethnomathematics ICEM) in Auckland in 2006. I
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was challenged by the deep and honest interest in culture and its
connections with teaching of mathematics and the important asso-
ciated political questions discussed at this conference. I believe that
ICEM is the conference that gave me inspiration for continuing into
further academic work and research. Second, I got the opportunity
to be a research assistant with Kay Owens and spent time with her
in remote villages in Papua New Guinea. Her research interest was
geometry, specifically area calculations. Hence, we interviewed and
filmed house building, gardens/farming, etc. to gather knowledge to
be used in Papua New Guinean teacher education to connect the
school mathematics with the children’s experiences from home. There
is a large body of ethnomathematical research with these purposes
from all over the world, but also a growing body of critique, especially
political critique that is important to recognise. Summing up, for me
personally this was the time when I discovered the impact of under-
standing mathematics teaching as the culturally developed subject it
is and the politics of mathematics education.

So, I started to formulate research questions and write
research-funding applications. However, I was advised by caring
professors in the field to leave my ethnomathematical ideas out if
I wanted funding, even though I showed awareness of the political
issues and complicated concerns when conducting ethnomathemat-
ical research. It seemed that ethnomathematical research was not
accepted. When Paola Valero asked me if I wanted to join her research
group in Aalborg I decided to leave ethnomathematics for the time
being. I was grateful for this opportunity in my life to address the
societal and political concerns for mathematics teaching. I became
a PhD fellow in Denmark and wrote a thesis focusing students’
identities and agency in mathematics education contexts inspired by
concerns raised in critical mathematics education (Andersson, 2011b;
Andersson & Valero, 2014).

In 2011/12 I had the opportunity to teach in a diploma program for
in-service mathematics teachers in Greenland. Again, I worked in a
different culture — sharing and discussing research in mathematics
education with Inuit teachers. The issues they brought forward where
in some cases very different from the ones recognised in “Western”
research literature. I would have liked to conduct research with these
teachers further; they had a number of ideas on topics they wanted
to research concerning cultural and language challenges. However,
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in order to do that, administrative support was needed from both
Greenland and Denmark, which was not possible for me to get at that
time, as a Swedish national, an outsider.

I continue to reflect on the challenges I experienced. First, ideas,
results, and discussions originating in ethnomathematical and cultural
research are also applicable in “Westernised” mathematics classrooms.
I developed these ideas together with Elin, a mathematics teacher
who talked about herself as being a “Curling teacher” (Andersson,
2011a). My experiences allow me to argue that there is value in raising
discussions in schools and universities about understanding math-
ematics and mathematics teacher education as culturally developed
and situated.

Second, following from point one, I believe that research addressing
ethnomathematics from various perspectives should be discussed in
teacher education courses in parallel with other research that is already
prominent and mainstream. Becoming teachers should have had rich
and colourful possibilities to reflect on the cultural development of
both mathematics and mathematics education. This is not the case in
the Swedish university contexts I know today.

Third, I reflect more generally on experienced resistance for eth-
nomathematical research. There seems to be a resistance for granting
funding for ethnomathematical research. There is also a resistance to
address specific ethnomathematical research in mathematics teacher
education courses as discussed above. Ethnomathematical research
might be more accepted when rephrased as language research, diver-
sity research, critical/political research, social justice, equity research,
etc. The ethnomathematical umbrella covers diverse topics from cul-
tural and anthropological perspectives. The important critique has
been heavy and well accepted in our community however the result
seems to be a resistance towards ethnomathematics, a resistance 1
believe neither serves further theorisation, epistemological discus-
sions, nor the critique of ethnomathematics. The resistance does not
serve becoming mathematics teachers either. All these are political
dilemmas — tensions and possibilities that compel further open and
lively discussions.
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Ethnomathematics Trajectory at MES

The first MES conference was convened in 1998 (using the acronym
MEAS to emphasise the word “and” in Mathematics Education
and Society). This was followed by six conferences located in
Europe, Australia and Africa. There have been three plenaries that
explicitly focused on ethnomathematics; D’Ambrosio’s (1998) ple-
nary at MEAS; Powell’s (2002) reflections on "Ethnomathematics
and the challenges of racism in mathematics education” in MES3
and Mukhopadhyay’s (2013) talk “The mathematical practices of
those without power” at MES7. However, a number of the plena-
ries addressed ethnomathematical research in an implicit way;
cultural aspects of mathematics education and learning are overtly
addressed in almost all plenaries. At MEAS there was a symposium
on “Ethnomathematics and Critical Mathematics” led by Powell,
Knijnik, Gilmer and Frankenstein. This symposium discussed tensions
within ethnomathematical research, specifically tensions regarding the
“exotical” and the “critical” strands, to use the authors’ words. In a
very powerful discursive way, these tensions seem to be underpinning
the accepted papers, plenaries and critical discussions throughout the
MES conferences.

Regarding the papers accepted for proceedings in the conferences,
we first identified the papers that had the word “ethnomathematics”
and its various grammatical forms as a way of tracing the develop-
ment of it within the conference. We found no clear pattern or trend,
as the successive conferences had 18%, 5%, 11%, 3%, 18%, 16%, and 10%
of their papers including the word or its stem. Nevertheless, these
numbers should be read cautiously. A high number of the papers in
which we found the word “ethnomathematics” were not focusing on
ethnomathematical research in particular; the word was only used
once or twice in these papers. In an even higher number of papers the
word or a form of it was present oz/y in the reference list.

We became increasingly interested in the papers that did not use
the word “ethnomathematics” though they might have. In other
words, papers that report on work that could be connected to eth-
nomathematical work but in which the authors did not mention
ethnomathematics intrigued us. Thus we considered other words
we might search on to identify patterns in such papers as various
forms of “culture” and “anthropology”. By contrast to the word
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“ethnomathematics”, the word “culture” and/or “cultural” are present
in almost all papers. It has been used in a variety of contexts, usually
in a nominal way, with no theorization of culture or the place of cul-
ture in mathematics. “Anthropology” was hardly found at all.

We took the analysis one step further in those papers where “eth-
nomathematics” was found more than one time in the text body.
Some different possibilities emerged for categorisations. Not sur-
prisingly, the largest number of these papers used ethnomathematical
research to justify and/or position their own research, and/or, in a
few sentences, show awareness that ethnomathematics exists. Fewer
in number specifically grounded the research in ethnomathematical
theories. There were also papers that talk abous ethnomathematical
research; they may argue that ethnomathematical research is import-
ant, should be done with care and awareness, or raise concerns — for
example against possible exoticism or, as in the case of South Africa,
concerns about the ghettoization. What we can conclude is that
almost all papers raise concerns about cultural aspects and/or par-
ticular cultural groups, however, the number of papers addressing,
critiquing, or discussing ethnomathematical research explicitly is low
at the MES conferences.

Reflecting on the Trajectories

Our distinction between work that is overtly versus possibly ethno-
mathematical required consideration of a working definition of the
term. We talked about the definitions given by the progenitors of eth-
nomathematics and the various ambiguities in these definitions. For
example, D’Ambrosio (1985) referred to a “defined cultural group” and
we noted the challenges of trying to draw bounds around a culture to
clarify whether or not a practice is particular to the culture. Though
Bishop (1991) does not refer to ethnomathematics explicitly, his list of
practices worth investigating to find mathematics is used extensively
by ethnomathematicians: counting, measuring, locating, explaining,
designing, and playing. We chose to use these categories to identify
papers in the category of “possibly ethnomathematical.”

In order to be even possibly ethnomathematical we felt that
research needed to address both culturally-specific practices and
values. To do this we challenged the boundaries among Bishop’s
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categories. For example, we, and our students, have wondered what
makes counting distinct from measuring. One way to make a distinc-
tion is between counting discrete objects and counting an artificial
comparison (i.e., units of measure). Thus categorization is at the heart
of counting because we have to decide which objects are “like” each
other in order to group them. Categorization can be done in vari-
ous ways, and it is often (perhaps always) political — Who counts?
Who doesn’t? — and thus an expression of some cultural milieux.
Measuring is also political because it involves direct comparison
among things or indirect comparison to some normative unit. This
too is political and an expression of some cultural milieux. Locating
requires points of reference; either a normative point such as an
origin, or relative positioning (see Wagner & Herbel-Eisenmann,
2009 for this distinction used metaphorically). Positioning then is
political because it involves choices of what to use as reference points.
These fields of activity cut across values that are expressed in language,
which includes language registers (and other forms of representation)
in design, which indexes the values of desire (what do we want?), and
in play, which indexes the values of aesthetics (what do we find beau-
tiful?). This all relates to local resources that comprise the context of
a culture because sensory experiences with landscapes and materials
impact choices and constructs.

We use this elaborated definition to reflect on the larger narrative
of our research presented in this paper. To analyse ethnomathemat-
ics in the field, we counted papers that mention ethnomathematics.
This was easy enough to do with search engines and thus seemed
rather clear ... until we started looking at the papers. We felt that
other papers did ethnomathematical-like work without mentioning
the word, and we knew that a discussion of these papers is part of
the story, just as our individual non-ethnomathematical research (as
described in our personal stories) shared common values with ethno-
mathematics. In order to count papers, we had to categorize in some
way and thus distinguish among nominal use of words, significant use,
critique, etc. Whatever counting we did could not be objective — it
referenced our scholarly values of what is desirable or appropriate.
Our counting is situated in an academic culture. It is an ethnomath-
ematical practice.

We do not want to reserve ethnomathematics for the anal-
ysis of exotic cultures. Critical mathematics education is also
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ethnomathematical in several aspects. For example, Gutstein (2010)
reports on his action research in a classroom in which “reading and
writing the world — with mathematics — were very much the
agenda” (p. 272). He carefully described cultural aspects of the class-
room, thus he led a particular form of ethnomathematics. This may
be different from analysing ethnomathematics in a culture in which
the researcher is not actively taking part. As another example of
interpreting culture broadly for potential ethnomathematical work,
we would place any work on language register as ethnomathematical.
For example, Zolkower & de Freitas (2010) “guided [teachers in the]
deconstruction of whole-group interaction texts selected as paradig-
matic instantiations of this genre” (p. 509). Their attention to a genre,
which is a part of the mathematics classroom register, would seem to
place the work in a culture, but their reporting does not connect the
language practice to the culture. We wonder whether this omission
disqualifies the work as potentially ethnomathematical, or whether
it would be more accurate to describe it as a poor example of ethno-
mathematics (and we note that some of our own work would have to
be in that same category).

Our thoughts about the heart of each practice also prompted
questions about locating. In particular, we asked where is ethno-
mathematical work done and where is it critiqued? More accurately
speaking, we were interested in who (or what cazegory of researcher)
was saying what in relation to ethnomathematics. Generally speak-
ing, explicitly ethnomathematical work has been done in colonized
settings. By contrast, also speaking generally, the critique of ethno-
mathematics has been done by people of colonizer cultures (with the
exception of people from South Africa, who have raised concerns
about the ghettoization of people groups, arising out of their expe-
riences of Apartheid). To save space and face, we will not point to
particular papers to justify these two generalizations, leaving the pos-
sibility of affirmation or exception in discussion at the conference.
Nevertheless, we need not save our own face and thus we point to
ourselves as examples of White people of European ancestry inter-
ested in and having done ethnomathematics in colonized settings.
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Questions for Discussion

Our narratives of our two separate trajectories in relation to ethno-
mathematics, along with our field’s trajectory within MES and our
joint analysis of these trajectories lead us to summarize questions that
we believe warrant discussion at MES:

1. Looking behind/underneath the critiques, what motivates
educators to resist explicit reference to ethnomathematics in
the academy and in schools?

2. For mathematics educators and students who are drawn in
by ethnomathematics (such as ourselves), how does it satisfy
deep needs/values?

3. In what ways do current critiques of ethnomathematics also
apply to other mathematics education research (especially
socio-cultural research)?
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Shaping a Scientific Self: A Circulating
Truth within Social Discourse

Melissa Andrade-Molina, Paola Valero
Aalborg University

In this paper we illustrate how a truth circulates within social discourse.
We examine a particular truth reproduced within science, that is: through
the understanding of Euclid’s axioms and postulates a person will gain the
access to all human knowledge. We deploy a discourse analysis that helps
us to understand how a truth is reproduced and circulated among diverse
frelds of human knowledge. Also we show why we accept and reproduce
a particular discourse. Finally, we state Euclidean geometry as a truth
that circulates in scientific discourse. We unfold the importance of having
students follow the path of what schools perceive a real scientist is, not fo
become a scientist, but rather to become a logical thinker, a problem-solver,
and a productive citizen who uses reason.

Introduction

We want to tell a story about a circulating truth that has been shaping
a scientific self since before science was called science. Even though
there are many truths within scientific knowledge, this particular truth
seems to resist every attack, seems to win every fight. Within social
discourse, it is believed that mathematics is a powerful knowledge that
will enlighten people.

All adults, not just those with technical or scientific careers,
now require adequate mathematics proficiency for personal
fulfilment, employment and full participation in society. [...
Students should] be able to apply them to solve problems that
they encounter in their daily lives (Organization for Economic
Co-operation and Development, 2014, p. 32).

Then, in order to be the productive citizens that society requires, it
becomes important that students develop mathematical thinking.
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Students should be able to

reason mathematically and use mathematical concepts, pro-
cedures, facts and tools to describe, explain and predict
phenomena. It assists individuals in recognising the role that
mathematics plays in the world and to make the well-founded
judgements and decisions needed by constructive, engaged and
reflective citizens (Organization for Economic Co-operation
and Development, 2014, p. 28).

Therefore, mathematics becomes the tool to solve problems from
everyday life. In fact, one of the areas that PISA measures is
Mathematising, this is the ability to move between the, so called,
‘real world’ and the mathematical world. Thus, schools address the
development of this particular ability by connecting everyday life to
mathematics. But this link does not always work, because the ‘real
world’ of school is not the physical world. The models that we have to
link both are outdated (Burgin, 1987).

School has been developing a ‘school space’, where everything has
a coordinate in a two or three-dimensional Cartesian system. This
‘school space’is rooted in Euclidean geometry. In other words, it is
shaped by Euclid’s axioms and postulates. At school, straight lines
are always straight, they do not curve at the horizon, parallel lines are
in fact parallel and the sum of the interior angles of a triangle is 180
degrees. However, ‘school space’is a space that has been modelled by
mathematics which is different from the world the students live in,
precisely because geometry provides the materials for models of the
physical world, models that are abstract analogies and not the world
itself (Ray, 1991).

In this paper, we examine a particular truth reproduced within
scientific thinking. The belief is that through the understanding of
Euclid’s axioms and postulates a person will gain the access to knowl-
edge, not just the access to geometrical or to mathematical knowledge,
but to all human knowledge. We are going to deploy a discourse anal-
ysis that will help us to understand how a truth is reproduced and
circulated among diverse fields of human knowledge. Also it will show
why we reproduce a particular discourse through our own language.
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How are Discourses Reproduced?

Discourses are not impositions; we are not forced to believe in them.
But sometimes, something sounds very reasonable to us, so self-evi-
dent, so logical, so common sense that we agree with it and we start
to reproduce it through our own language. Who will go against the
idea that we need mathematics in our daily life? But we perceive these
‘truths’ as common sense just because we are inserted in a particular
time and place, spatio-temporal conditions, with a particular rational-
ity. We are subjected to those self-evident truths.

Foucault claims that “taken-as-truth” statements circulate within
social discourses, discourses that are produced because we reproduce
them through language (Foucault, 1982). At the same time, these
discourses are not isolated; they are produced by the interaction of
different spheres of social life and are shaped by statements and their
related truths (Foucault, 1972). In other words, discourses do not
materialize from thin air, nor are they commandments by a superior
force, such as a God or government.

Therefore, truths become a discursive formation, and there exists
diverse rules for what is considered to be true and false (Jorgensen
& Phillips, 2002). In other words, there are regimes of knowledge
determining what is accepted as meaningful and true and what is
not. As Deleuze stressed, only statements may be repeated, but these
statements “are not visible not hidden” (Deleuze, 1988, p. 10).

For instance, a circulating truth could be that ‘school provides tools
to achieve success in life’. Some people might agree with this truth
and reproduce it, and some people might be against it. In fact, educa-
tional sciences have been providing these tools, with the promise of a
better future, for the fabrication of a ‘cosmopolitan child’ (Popkewitz,
2008). If we analyse school mathematics, it was believed that by a
‘mathematics for all’ it was possible to create this brighter future
(Valero, 2013), and that belief has not changed though time. But, why
do we say that it is a ‘circulating truth’? Recall the PISA quotation
above: All adults require adequate mathematics proficiency for personal
Sfulfilment, employment and full participation in society. This implies that
to be ‘productive’ and ‘successful’ one must know mathematics and
science.

There are many naturalised truths circulating in the discourse of
diverse scientific fields, and such truths constitute unproblematized
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understandings of its practices. One of these truths is to believe, for
example, that Euclid’s axioms and postulates became a universal key
to access human knowledge (Sbacchi, 2001). In the same fashion, that
Euclidean geometry began to appear as a dominant perspective within
scientific knowledge (Majsova, 2014). Or, that Euclid’s Elements are
so necessary to every science that we must believe in them as its basis,
principle and fundamental elements (Guarini, 1968). So, a particular
truth within scientific knowledge has been reproduced.

Building from this truth, what makes Euclid’s Elemnents so import-
ant? Are the Elements important because it was the only ‘recognized’
form of geometry until the 19th century? Harrison (1919) stresses that
for a great period of time Geometry and the Elements of Euclid were
considered as synonymous. But, is it the only reason?

In the 1630s, Descartes’s Discourse set out philosophical reasons
for seeing Euclid’s Geometry as an intellectual model for theo-
ries in other areas of inquiry. Fifty years later, Newton showed
that this model was not just formally rigorous, but empirically
powerful: i.e., it resolved problems that had plagued European
thinkers ever since the publication of Nicolaus Copernicus’s de
Revolutionibus (1543) (Toulmin, 1998, p. 330).

Apparently Euclid’s Elements were more than just books summarising
the geometrical knowledge of his time, Descartes and Newton rec-
ognized them as an intellectual, rigorous and powerful model. So, the
question left is: how has Euclidean geometry been operating in the
development of scientific knowledge?

How Can Truths on Scientific Discourse

be Analyzed?

Now, we have a truth: “Euclid’s Elements are a key to access human
knowledge”. But, how are we going to deploy a discourse analysis
to understand how has Euclidean geometry been operating through
scientific discourse?

As we stated above, discourses are not isolated, they are produced
by the interaction of different spheres of social life. This means that
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diverse spheres will evolve around certain truths, a certain statement
will be shaped. But, at the same time, the same statement might be
repeated in other spheres. Bang (2014) adds a new insight to this
‘equation’, he presents a new framework employing an image of
‘quasi-self-similar fractals’ to trace entanglements between multiple
semi-autonomous fields.

A new image of thought employing quasi-self-similar fractal—
an image better suited to clarifying the issues and understanding
the transversals and influences among multiple fields. This new
image of thought is an attempt to represent the strange univer-
sality or ‘universal mechanisms of fields’ one encounters (Bang,

2014, p. 54).

To understand how a truth is circulating among social discourses,
which means, to understand how ‘Euclid’s Eements are a key to access
human knowledge’ is navigating within different spheres of scientific
discourse, we have to think outside the box of causality (e.g. Daston
& Galison, 2007; Popkewitz, 2008). We have to trace the entangle-
ments across scientific fields --- a ‘quasi-self-similar fractals’ image.
This truth moves between the different spheres and also between
spatio-temporal conditions. For example, Valero (2013) examines a
“taken-as-truth” statement on mathematics education research, this
statement is: a “mathematics education for all” is needed. She uses
a discourse analysis strategy, which implies a rhizomatic analytical
move (Deleuze & Guattari, 1987).

My analytical strategy involves visiting a number of intercon-
nected spaces that without any linear or strict logical connection
[...] map different aspects of the statement under examination.
[...] T also move in the connection of ideas in time and space. As
mathematics education research is thought as an international
field of inquiry, and probably because for many of its practi-
tioners mathematics is still conceived as a universal activity, [...]
In keeping my eye on the ideas that circulate across nations I
try to make evident how a field of inquiry generates truths that
seems to be transferable from place to place and from time to
time, contributing in this way to the reification of mathematical
ability as a human ability and right that equates with reason, and
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with that installs one unified logic of being (Valero, 2013, p. 6)

Therefore, to analyse how the Euclidean truth is operating, we are
going to move outside the field of mathematics, then, we are going to
be able to see the entanglements across fields, the rhizome.

Is there a Euclidean Truth?

It is possible that one might think that we are forcing the Euclidean
truth to appear. As if we were searching for a suspect, then everyone
would be guilty. As we previously mention, discourses are produced
within different spheres of social interactions. So, how will you react
if we state that Euclidean geometry was not only the root for the
development of mathematical knowledge? Well, the answer could be
simple: physics. But no! Euclid’s Elements have been entangled across
diverse fields, such as architecture, literature, religion, philosophy,
political science, and so much more. A ‘quasi-self-similar fractal’, a
rhizomatic web where everything is connected by, the one and only,
Euclidean thinking.

By deploying an analysis on the discourse of scientific research
fields, about their ‘roots’, the existence of some beliefs about Euclidean
geometry emerged. A truth that states Euclid’s Elements as a method,
the Euclidean model, that it was considered the “standard pattern for
any “hard” science” (Toulmin, 1998, p. 336).

Euclid’s geometry, for instance, is notable for its rigor in demon-
stration [...] is distinguished for its orderly “progression from
the simple to the compound, from lines to angles, from angles
to surfaces, and so forth,” a method that particularly “contributes
to the enlargement of mind and makes us think with precision”
[...He] develops the propositions of geometry in response to a
natural need to know or to a spontaneous order of inquiry [...]
Any of these three systems increases the student’s capacity for
reasoning, for understanding ideas, which properly understood
are “notions determined by relations” [...] It is “nothing more
than the faculty of arranging, facultas ordinatrix” [ ...] The desire
for order leads to the ideas of truth, goodness and beauty (Frank,

2007, p. 251)
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From this, it is clear that Euclidean geometry is understood as a rig-
orous model of demonstration, as a model for ‘organizing’ knowledge
as a progression and, finally, as a response to a natural need to know.
These three aspects of Euclidean geometry will increase the capacity
of students for reasoning and so forth. It is possible to think that this
sort of statement derives from school mathematics discourse, or that
it was a result from mathematics education research. But no, it was
stated within the field of theology, in 1765, where it was argued how
a man, through reason, becomes a man (Griffiths & Griffiths, 1765).

Euclid’s reasoning described a method which [...] provided the
foundation for all true reasoning, an abstract scientific method,
through which the world becomes intelligible by a means
of reasoning which is entirely independent of sense percep-
tion (Vinnicombe, 2005, pp. 670-671). Geometry is central to
the great philosopher’s thought in two quite distinct ways: as
methodological guide and example, and as the most basic of all
branches of knowledge, from which “synthesis” might deduce,
step by step, the immutable laws of social justice (Grant, 1990,

p- 151).

In the r7th century, it was believed that a new political science could
be established that relied upon the principles of Euclidean geometry,
an abstract scientific method, which developed the model for orga-
nizing human behaviour. Hobbes, who was proposing this connection,
believed that ‘geometry was central’, a knowledge cannot subsist with-
out a proper method and the key to achieve that method was held by
Euclid’s reasoning (Grant, 1990).

And those statements about the Euclidean truth have been entan-

gled in other fields,

In Architettura Civilequite often the elements of geometry
become the elements of architecture fout court. For Guarini,
for example, a wall is a ‘surface’ and a dome a ‘semisphere.’[...]
the problem, for him, was not ‘how to build’ but ‘how to draw.’
‘Therefore, not only Euclidean geometry has become a part of
architectural theory but it has also carried with it its implied
linearis essential (Sbacchi, 2001, pp. 30-31).
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It is clear that this quotation above is from architecture. These notions
of Euclid’s Elements were formally introduced in the 15th century by
the Trattato di Architettura Civile e Militare. Euclidean geometry
began to appear as “a good alternative to more complicated numero-
logical calculations [...And was probably] the preeminent one among
the masses and the workers” (Sbacchi, 2001, p. 27).

It is possible to think that these quotations are old and that they
recognize Euclidean geometry as the model for science simply because
non-Euclidean geometries were not “formalized” until the 19th cen-
tury. But, in the 21th century, literary education is being rooted in
Euclidean geometry, not in the axioms and postulates, but in the
model of order, of organizing knowledge, from the self-evident to
the most complicated abstractions. Where the self-evident technical
literary terminology are assumptions as the role of an “unreliable nar-
rator” in a book or a play, there is no need to define it (Rabinowitz &
Bancroft, 2014).

We are proposing Euclid as a model because we believe that
literary education should begin with the fewest possible number
of initial assumptions, and that more complicated interpreta-
tions, in later years, should come from increased development
and subtler manipulation of those assumptions, rather than from
introducing entirely new concepts (Rabinowitz & Bancroft,

2014, . 4)

I Completely Agree with It! Do You?

So, how has this Euclidean truth been accepted in the development of
scientific knowledge? To reproduce a truth is not to repeat it inces-
santly, rather to reproduce implies acceptance and agreement. No
scientist was forced to think Euclideanly, they accepted the Euclidean
model because it seemed reasonable for them. In other words, they are
subjected to the self-evident truth of Euclidean geometry’s consistency,
simplicity, rigour, “progression order” and so on.

This is the second time that the word subjected appears. According
to Foucault (1982), there is not a domination of the self; no one is
forced to do or believe anything by imposition. That is how he under-
stood power. So, this power implies ‘the other’ as a person who acts
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on his/her own. Hence, this power depends on the freedom of the
subject. Here is when the term subjected comes to play; to be subjected
could mean “to be shaped in a particular way” or “to be shaped to
become a particular self”. And every spatio-temporal condition has a
‘rationality’, a way of thinking and behaving, as codes that are trans-
mitted to people. The game of “being part of” requires the acceptance
of that spatio-temporal discourses, not a simple repetition; one has to
believe in it.

So, let’s return to Euclidean geometry. How has this Euclidean
truth been accepted in the development of scientific knowledge?

Since seventeenth- and eighteenth-century natural philosophers
took their Platonist ambitions from Galileo and Descartes [...].
From the start, formal systems modelled on Euclid had a charm
that carried people’s imagination over into fresh fields: if the
world of nature exemplified in Newton’s dynamics had a time-
less order, this could presumably be extended to the world of
humanity as well (Toulmin, 1998, p. 353).

The mathematical method of deduction from axioms had a
decisive effect on the social sciences of the Enlightenment. [...].
Find the axioms of human nature, deduce from them in the
approved Newtonian manner, and a complete science of man

became a possibility (McClelland, 2005, p. 290).

One of the issues which played a major role in most of the
discussions of the Theory of Relativity was the simplicity of
Euclidean geometry. Nobody ever doubted that Euclidean
geometry as such was simpler than any non-Euclidean geome-
try with given constant curvature [...] Euclidean geometry is the
only metric geometry with a definite curvature in which simi-
larity transformations are possible (Popper, 2005, pp. 129-130).

Here the acceptance is not in order to accept the brilliance of Euclid,
or to agree to only use Euclidean geometry. Neither is a matter of
stating that a science will become science depending on how much
Euclidean geometry was used in the development of their field of
knowledge. It is an acceptance of Euclidean Geometry as an axiom-
atic, scientific model (Hartshorne, 2000), an acceptance that through a
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Euclidean way of thinking people will become a scientific self.

We are aware that not everybody blindly accepted Euclidean
geometry. For example Einstein demonstrated that this geometry
was only thought to be applied in a void, not in the rea/ world, where
space is inseparable from matter (Woods & Grant, 2007); “where
mass tells space-time how to curve, and space-time tell mass how to
move” (Wheeler, in Sweeney, 2014, p. 826). Einstein was referring to
Euclidean geometry as a mathematical model of space; however, he
was interested in a geometry that provided him tools to understand
the physical space. For instance, “it was much later, with Einstein’s
general relativity, that it was shown that the geometry of the universe
is not Euclidean but curved” (Hirsch, 1996, p. 62). We want to be clear
that the discussion is deeper than that. We are not against Euclidean
geometry. We are drawing awareness to Euclidean geometry as a
truth that circulates in scientific discourse and performs, as an effect
of power, a scientific self.

So,am I a Scientist Already?

What Euclid did that established him as one of the greatest
names in mathematics history was to write the Elements. [...]
Euclid’ great genius was not so much in creating a new math-
ematics as in presenting the old mathematics in a thoroughly
clear, organized, and logical fashion” (Brodkey, 1996, p. 386)

Indeed Euclid was a great geometer, probably the most recognized
of all time. The Elements deploy a schematic order from the basic
definitions to the most abstract formalizations (axiomatics). But
this sacredness was not eternal. Not only mathematicians, but also
researchers of others fields of knowledge tried to show that Euclidean
axioms are in opposition with our optical perception of space. These
studies concluded that visual space is far from being Euclidean
(Suppes, 1977). But it is possible to find that almost all Western school
geometry is based on Euclid’s work (Burgin, 1987; Ray, 1991). So, how
can we explain this Euclidean resistance? As stated in the previous
section, Euclidean Geometry is not just formulas and axioms that
need to be applied to solve problems. This geometry is being operated
in a completely different fashion.
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Does this mean that I will become a scientific self if I accept
Euclidean geometry as the ‘basis’ of all knowledge? It is not as simple
as that. Subjectivity does not imply only the repetition of a truth; the
acceptance of this discourse will operate in an interesting way. For
{Daston, 2007 #33@@author-year;Foucault, 1982 #92}Foucault (1982),
human beings become subjects through the objectifying effects of
scientific knowledge. At the same time, the practice of knowing gen-
erates effects in the form of knowing and in the subjects who know
(Daston & Galison, 2007). Therefore, subjects must train themselves
to become part of a practice; in other words, they have to conduct
their own conduct. Such subjectification pursues to fabricate a scientific
thinking.

How is this Euclidean truth prompting to a scientific self? The
method deployed by Euclid is shaping a deductive and axiomatic way
of thinking, a method that “contributes to the enlargement of mind
and makes us think with precision [and increases the] capacity for
reasoning and for understanding ideas “ (Frank, 2007, p. 251).

In the End...

Let’s return to school, school geometry is rooted in Euclidean geome-
try, but this was not intentionally. It was not because someone wanted
it there. This geometry is an important part of school due to the cir-
culating truth within ‘scientific discourse’. Currently, to become a
scientist means to become a productive citizen. Therefore, if we want
to have a brighter future we have to be subjected, in Foucaultian terms,
by schooling.

Educational sciences have provided the tools for fabricating the
cosmopolitan child through being a cornerstone of the planning
of social life for the promise of a better and brighter future. [...]
I connect the statement of the need of a mathematics education
for all for creating a brighter future with the way in which edu-
cational sciences in the 20th century have produced the elements
for the reasoning making possible such statements (Valero, 2013).

Euclidean geometry is much more than a particular way of seeing space
or a formalization of the metrics of the earth; it is much more than just
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learning a set of mathematical concepts and rules. Euclid’s elements
are deploying a deductive system, rooted in proofs and demonstrations.
Euclidean geometry becomes the template or the path to become
a scientific self. So, in order to become this scientific self, students
must follow the path of what schools perceive a real scientist is, not to
become a scientist, but to become a logical thinker, a problem solver,
who uses reason! The desired cosmopolitan child (Popkewitz, 2008), as

described by the Chilean Ministry of Education when stating:

School mathematics curriculum aims to provide students with
the basic knowledge of the field of mathematic, and, at the same
time, helps students to develop logical thinking, deductive skills,
accuracy, abilities to formulate and solve problems and abilities
to model situations [...] The learning of mathematics enriches
the understanding of the reality, facilitates the selection of strat-
egies to solve problems and contributes to an autonomous and
individual way of thinking (Ministry of Education of Chile,

2010, p. 3, our translation).

This discussion is not about how Euclid’s axioms and postulates are
the easiest for children, cognitively speaking. The discussion is that
Euclid’s Elements are a consistent, deductive and progressive system
that shapes the way of thinking of a scientist. School geometry also
operates by constructing its subjects; it shapes in students a way of
visualizing the world and a way of thinking about space and reality.
If the method deployed by the Elements was the basis of almost all
scientific knowledge, then it does not seem such a bad idea to teach
Euclidean geometry at schools, right?
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Morality and News Media Representations
of Mathematics Education

Richard Barwell & Yasmine Abtahi
University of Ottawa, Canada

Mathematics education is often in the news and is often presented in con-
troversial terms. The nature 0f news reporting inﬂuences public opinion,
public policy and the context of mathematics teaching. In this study, we
looked at how mathematics education is framed in Canadian newspaper
reports after the publication of recent PISA results. We analysed 26 arti-
cles published in two clusters, in two national newspapers. We particularly
Jfocused on the moral dimension implicit in this corpus of news reporting.
Our analysis revealed a dominant framing derived from the binary of
traditional teaching vs. discovery learning, which is portrayed to be the
prevailing cause of students’ decline in PISA ranking. The dominant fram-
ing also includes a sense of moral decline related to both educational and
economic trends.

Introduction

Mathematics education is often in the news. A cursory search reveals
coverage of, among other things, the results of international compar-
isons, national tests, curriculum changes or periodic reports produced
by various bodies, generally showing a decline in standards, skills or
quality of students or teachers. For many mathematics educators, such
reporting is of professional interest, perhaps a source of frustration at
times, but ultimately not that important. In this paper, we start with
the assumption that news reporting of mathematics education actually
matters quite a lot; such reporting, along with associated commentary
and debate, shapes the way in which mathematics education is under-
stood by the general public. The general public includes, of course,
parents, taxpayers, employers, politicians, student teachers and current
teachers. All of these people have an interest in mathematics education.

In what follows, we report our analysis of part of a corpus of
Canadian news media reports relating to mathematics education.
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Our goal is to understand how mathematics education is portrayed
in news media. We report specifically on a group of articles that
appeared in December 2013 and January 2014 triggered by the release
of the international PISA mathematics findings (OECD, 2013, 2014).
Our analysis is based on a critical discourse perspective and draws
specifically on the media theory concept of framing. For this paper,
we focus, in particular, on the moral dimension implicit in the news
reporting we have analysed.

Literature Review

When education is the focus of the popular press, the media has a
strong influence on public opinion; it influences “the dynamics of
opinion expression and formation” (Scheufele & Tewksbury, 2007, p.
10). More specifically, the way in which particular news is framed in
the media significantly influences the assessment and judgment of
the audience: “framing guides the audience on how to think about
an issue” (Kee et al., 2012, p. 17). As a result, the relationship between
the education system and the public is, in part, mediated by images
portrayed in the media, which may (or may not) be indicative of day-
to-day classroom activities.

Research on the framing of education in news media suggests that
educational stories are mostly presented in a negative light. Camara
and Shaw (2012), for example, criticise educational media coverage,
arguing:

Press coverage of educational issues tends to be biased and
provides greater attention to the negative rather than positive
side of stories, presents an incomplete or too simplistic view of
educational issues, exhibits a major lack of understanding of sta-
tistics and educational research. (p. 34)

'This kind of negativity has been noted specifically in relation to math-
ematics education. In particular, publication of PISA results generates
extensive and controversial headlines in different participating coun-
tries. Pons (2012) referred to this media coverage as “PISA shock”;
that is, the popular media discourse that focuses primarily on how
each country is positioned in the PISA rankings, producing and
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disseminating “shocking” headlines, as well as the way in which this
coverage leads to particular ways in which people analyse, translate,
and reinvest the results of PISA. For example, the publication of the
first round of the PISA results in December 2001 had a “Tsunami-like
impact” (Gruber, 2006, p. 195) in Germany, affecting educational pol-
icy-making discourse (Waldow, 2009) and fundamentally changing
the educational discourse in Germany (Ertl, 2006).

We have noted similarly strong headlines in our corpus, includ-
ing “Canada’s fall in math-education ranking sets off alarm bells”
or “Math wars: The division over how to improve test scores”.
Mathematics educators may find such headlines irritating or frus-
trating, since they can appear to give an unbalanced and misleading
view of mathematics teaching, learning or curriculum. In our research,
however, we have become interested in the implicit moral aspect that
such headlines hint at. What we look at in this writing, then, is the
not the PISA results themselves, but the “PISA-shock” — that is the
reaction to PISA — in two Canadian national newspapers.

Theoretical Framework: Discourse and Frames

Odur research is broadly framed by a critical discourse perspective (e.g.
Edwards & Potter, 1992). From this perspective, language is not seen
as a neutral medium for describing a pre-existing reality. Descriptions
always involve choices about what to highlight, what to leave out,
and what specific words to use. The language of news reporting con-
structs particular versions of the world. These versions of the world
are seen as reflecting particular interests and as designed for particular
audiences (Edwards & Potter, 1992). News texts are not created in a
void, however. They draw on prevailing discourses and ideas about
any given topic.

Critical discourse frameworks have been used in mathematics edu-
cation since Walkerdine’s (1987) study of the discursive construction of
rationality and associated discourses of the autonomous child found in
much constructivist writing about mathematics learning. Her analysis
of this prevailing idea of rationality relates to a view of society based
on individual choice and normativity. Abstract reasoning is seen as the
‘normal’ endpoint of individual intellectual development, and as the
means with which individuals can then function in a capitalist society.
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Walkerdine’s (1987) analysis has been extended in subsequent work,
including Appelbaum’s (1995) examination of constructions of math-
ematics education in popular culture, including news media, in the
USA in the 1980s. He argued, among other things, that mathematics
teaching was popularly constructed as a kind of heroic, individual
endeavour. This construction makes it more difficult to think about
mathematics education in social or political terms. The discourses
about mathematics teaching identified in Appelbaum’s (1995) research
draw on discourses circulating in society, but also contribute to the
reproduction of these discourses. More recently, Lange and Meaney
(2014) noticed that a sample of media texts collected in Australia
reflected a discourse of commodification of children in which chil-
dren were seen as objects of investment (of time, of money, etc.) and
to which “value needed to be added” (p. 392), again reflecting the link
between mathematics education, rationality and a capitalist society.

Framing

The term ‘framing’ refers to “modes of presentation that journalists
and other communicators use to present information in a way that
resonates with existing underlying schemas among their audience”
(Scheufele & Tewksbury, 2007, p. 12). At the same time, framing is
based on the assumption that the way an issue is characterised in news
reports can have an influence on how it is understood by audiences.
Moreover, through framing, news is characterised in terms of pairs of
concepts that readers come to see as connected (Price & Tewksbury,
1997). News often frames this connection by establishing predominant
labels (e.g. the description of politics in terms of left and right) to
show how forces and groups in society are shaping public discourse
(Scheufele & Tewksbury, 2007). For example, in the framing of PISA
in news reports, the forces and groups that are shaping the public
discourse are actors such as parents, governments and ministries,
teachers, and curricula and the established predominant labelling are
‘back to basics’and ‘discovery learning’.

Entman (1993) proposes four elements of a given news framing.
The frame includes a problem definition: it defines particular aspects
of an event as problematic situations. It establishes a causal relation-
ship: the frame identifies forces creating the problem. There is a moral
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Judgment: that is, an effort to “personalise the news, dramatise or emo-
tionalise it, in order to capture and retain audience interest” (Semetko
& Valkenburg, 2000, p. 96). The moral judgment is not simply a
judgment of what is equitable, it is a judgment that is “laden with
emotions” (Gamson, 1992, p. 7). Finally, the frame includes endorsing
remedies: it offers and justifies treatments for the problem and predicts
their likely effects.

Entman (1993) explains that framing involves selection and salience.
It is through framing that particular aspects of an issue are high-
lighted and others are ignored (Matthes, 2007). Hence framing guides
the audience by the omission of potential problem definitions, expla-
nations, moral evaluations, and recommendations as much as they do
by their inclusion. In summary, the dominant framing consists of the
problem, plus the causal, moral evaluative and treatment interpreta-
tions that are most likely to be noticed, processed, and accepted by the
most people. So the dominant framing is a framing of a situation that
is most heavily supported by the text and is, ideally, congruent with
the most common audience interpretation of the situation.

Based on this theoretical perspective, we established the following
research questions: How are the PISA results framed in the corpus
of news articles? How is mathematics education constructed through
these frames? What moral judgments are implied by these frames?

Methods

We examined three national print publications: the Globe and
Mail, the National Post and Macleans (a weekly publication), to
represent a range of national news coverage. We collected all news
articles on mathematics education in these publications within a six-
month period (September 2013-March 2014). Altogether we found
64 articles: 45 in the Globe and Mail, 16 in the National Post and 3
in Macleans. In this paper, we report our analysis of a subset of 26
articles, all published within a few days of each other, that covered
the then recently released PISA results. This subset consists of two
clusters of articles: a) 15 articles in a 4-day timeframe: 2—6 December
2013, and b) 11 articles in a 5-day timeframe: 7—12 January 2014. The
first cluster appears to have been triggered by the publication of the
PISA 2013 results. The second cluster appears to have been triggered
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by the announcement of a $4 million fund for teacher professional
development for mathematics teaching by the Ontario Ministry of
Education in response, in part, to the PISA findings. We focus on
these two clusters to investigate framing with respect to the PISA
results.

To analyse the subset of articles, we first examined each article
in terms of the four aspects of framing. We read all the pieces thor-
oughly, and re-read them several times. In each reading we looked
for a coherent sets of phrases and statements that seemed to rep-
resent or talk about any of the four aspects of framing (i.e., general
problematic situation, causes, moral judgements, and treatments). To
ascertain how certain aspects of the PISA results are highlighted and
others are ignored, we looked for words, phrases and metaphors used
to describe a particular image: for example, phrases such as ‘math
wars’, ‘battleground’, ‘national emergency’, ‘watering down discovery
learning’, ‘avalanche of concern’and ‘downward progression’. We then
looked for commonalities in how these different aspects of framing
appeared across the corpus, as well as instances that ran counter to
any general patterns. In all the readings we kept asking ourselves what
images or ways of thinking about PISA results are presented and/or
denied by the framing, and if we could identify a dominant framing.
While there is some variation across the selected articles, we were able
to identify a broad overall frame to which most of the articles were
oriented (occasionally by adopting an explicitly alternative stance). In
the next two sections we first summarise the nature of the dominant
frame we identified in the set of articles and then examine the moral
dimension of the frame in more depth.

The Dominant Frame: Traditional Teaching vs.

Discovery Learning

The dominant frame that emerged from our analysis used the PISA
mathematics results to portray the decline in Canada’s ranking as a
problematic situation. The following statements were used in many
articles to manifest this prevailing situation:

An increasing percentage of Canadian students are failing the
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math test in nearly all provinces. (Globe and Mail, 7 January
2014) "

PISA results were not a disaster for Canada. But they were a
giant, flashing amber light. Canada’s student performance, for-
merly well above the OECD average, is now considerably less so
[...] our students are doing decidedly worse in math than they
did a decade ago. (Globe and Mail, 9 January 2014)*

With respect to this problematic situation, different articles identi-
fied different causes, including the way mathematics is taught, the
mathematical competence of school-teachers, and lack of societal
expectations. Not surprisingly, perhaps, we found that the domi-
nant framing particularly suggested a strong connection between the
decline in Canada’s PISA ranking and the ways in which mathemat-
ics is taught. This causal relationship is established through a contrast
between traditional, back-to-basics teaching and discovery learning.
These ideas were represented by two groups of terms, including: “con-
ventional math”, “fundamentals that parents were taught” and “basic
math algorithms” versus “learning by investigation, problem solving,
and open ended questions”, “conceptually based” learning, and “dis-
covery learning”. For example:

For one, straight long division isn't on the curriculum anymore;
at least not as it once was. The old ways of learning — rote
strategies and “math facts” — have been replaced by so-called
“discovery math” and “inquiry-based” teaching methods that
focus on word problems, strategies and estimations. (National
Post, December s, 2013)?

Gone are the days, in much of the country, of long division,
mad-minute multiplication, addition with a carry and sub-
traction with a borrow. Today, children in provinces that have
introduced the Western and Northern Canadian Protocol
(WNCP) curriculum — a vast swath of the country — learn
instead by investigating ideas through problem-solving, pattern
discovery and open-ended exploration. (Globe and Mail, 10
January 2013)
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Quoting Professor Donna Kotsopoulos, the article referred to in
this last quotation stated: “If you look at what’s been happening,
predominantly over the last decade, there’s been an unprecedented
emphasis on discovery learning”. Citing Robert Craigen, a University
of Manitoba mathematics professor “who advocates basic math skills
and algorithms”, the article noted:

Canada’s downward progression in the international rankings,
slipping from 6th to 13th— coincides with the adoption of dis-
covery learning. (Globe and Mail, 10 January 2013)*

The dominant framing suggests various treatments to the problem-
atic situation. These treatments were closely allied to the identified
causes and included: extending teacher education program and
including more emphasis on mathematics; changing the curriculum;
and following Quebec’s education system. This last point is related
to Quebec’s relatively superior performance in PISA in Canada. In
many articles, Quebec is referred to as the province that “adds” while
the rest of “Canada subtracts on its math scores” (Globe and Mail, 3
December 2013)%. The reporting of Quebec’s performance fits within
and contributes to the same binary frame of ‘traditional’vs. ‘discovery
learning’. For example:

Quebec, with its intensive training and teachers who apparently
refuse to shirk algorithms despite reforms, enjoys the best scores
in Canada and is now at the centre of math-education research.
(Globe and Mail, 10 January, 2014)*

Moreover, the dominant framing suggests a strong connection
between the need to change curricula and a Manitoban par-
ent-led campaign and petitions reported in other provinces. That
is, grassroots movement of parents and educators are portrayed
as “pressing provincial governments across the country to make
immediate changes to the way math is being taught” (Globe and
Mail, 8 January 2014)°.

Overall, the dominant framing we have described based on the full set
of articles draws on the binary of ‘traditional’ teaching vs. ‘discovery
learning’. It relates a clear problematic situation (Canada’s lower PISA
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ranking) to a cause (not enough traditional teaching) and an asso-
ciated treatment (more traditional teaching) through, among other
things, curriculum changes to include more emphasis on arithmetic
facts and procedures. These features of the framing form the backdrop
to the aspect we found most interesting: the moral dimension.

Moral Judgments

We noticed two aspects in the moral dimension of the dominant
frame: the choice of words to describe mathematics education and the
use of anecdotes, often featuring parents, to illustrate the news reports.

The moral aspect of word choice can be seen in many of the quo-
tations in the previous section. For example, the choice of the word
‘failing’in the first quotation (“increasing percentage of Canadian stu-
dents are failing the math test™) carries an implicit moral judgment:
failing is bad (the claim that students are failing is, of course, ques-
tionable). When combined with the causes included in the dominant
frame, the implication is not just that failing is bad, but that discovery
methods are also bad. Across the set of articles, a diverse set of word
choices combine to paint a picture of moral decline. Canada’s per-
formance is a “giant flashing amber light”, a “downward progression”
and “slipping”, with students who are “doing decidedly worse” (it is
the word ‘decidedly’ that hints at moral failure). This moral judgement
is explicitly linked to the binary division of traditional teaching from
discovery methods. For example, the contrast “Gone are the days” (of
traditional methods) with “today [...] vast swathes of the country”
(are using discovery methods)* suggests the replacement of some-
thing reasonable with a rather more dubious approach: “vast swathes”
implies a marauding invader, rather than the spreading of something
positive. This link between morals and causes, and indeed treatments,
also appears in the depiction of Quebec, where teachers “refuse to
shirk” traditional methods, “despite reforms” and so “enjoy” success*.
Finally, several articles captured this sense of moral decline and linked
it to broader economic concerns:

This is something that should send shivers of fear down all
of our spines. If Canadian students cannot master basic math
skills early on, there is no question that we will fall behind in
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economic competitiveness. And it will happen quickly. (Globe
and Mail, 6 December 2013)7

The genie is now out of the bottle,” said Paul Cappon, a former head
of the Canadian Council on Learning who is now with the University
of Ottawa. “Not only is Canada mediocre at best, we now know that
our future in learning, and therefore our prosperity, is more clouded
than ever.” (Globe and Mail, 4 December 2013)*

This is on the scale of a national emergency,” said John
Manley, CEO and president of the Canadian Council of Chief
Executives, which has sounded the alarm on the shortfalls in our
education system. (Globe and Mail, 3 December 2013)s

Hence, failing and falling scores are related to “shivers of fear”, “fall-
ing behind” economically, mediocrity, loss of future prosperity and a
“national emergency”, with the clear, even incontestable point that
negative economic performance is morally bad. It should not be for-
gotten that PISA is a project of the OECD, an organisation that
works for economic development, not education.

Moral judgment was also conveyed through anecdotes featuring
parents. Here are two examples:

Ms. Murray said she felt compelled to speak up after tutoring
students in math who haven’t mastered basic skills. “I see the
same problems everywhere I go. Serious gaps with addition,
subtraction, multiplication, division. More complex arithmetic
is almost completely missing,” she said. “Any parent I have ever
spoken to understands the problem, but feels helpless — that no
one will listen to them.” (Globe and Mail, 7 January, 2014)"

Tara Houle, a mother of two in North Saanich, says she has
seen firsthand the confusion so-called discovery-based teach-
ing techniques can lead to. “[ My daughter] was being taught
using Sudoku math puzzles [in Grade 3]. They had computer
games in the classroom to learn the times tables,” she said. “They
were these methodologies to, I guess, conceptualize and make
children think in different ways to come up with the answers.
We don’t have an issue with [that]. However, there wasn’t a
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lot of emphasis on, say, learning the multiplication table.” Her
daughter continued to struggle with these concepts until she
was enrolled in an after-school math program. “The transfor-
mation was incredible,” Ms. Houle said. “After understanding
their simple and effective methodology to solve math problems,
it made her embrace math again. We went back to the basics.”

(Globe and Mail, 9 January, 2014)*

In these two accounts, the moral judgments relate to parents’ feelings
of “helplessness”, observing their children’s “confusion” and “struggle”
followed in one case by an “incredible” transformation when tradi-
tional methods were provided. These accounts are constructed in
terms of lack (for example, of “basic skills” and of “learning the multi-
plication table”) arising from “so-called” discovery methods. In these
accounts, moral decline is linked to the challenges faced by parents
(which most readers would be) who are constructed as wanting to
address this decline through their own actions. This portrayal suggests
a kind of ‘meta-moral’ problem in which the badness of decline is
compounded by a loss of agency on the part of parents to tackle the
decline themselves.

Discussion and Conclusions

Our study of the two clusters of Canadian newspaper reports of the
result of PISA revealed a dominant organising framing in which the
different elements — problematic situation, cause, moral judgments,
and treatment — are clustered and held together through a narrative of
decline. This frame is derived from the binary of traditional teaching
vs. discovery learning. The different dimensions support each other
to sustain an overall portrayal of mathematics education riven by the
dispute between proponents of these two approaches to teaching. It is
important to underline that we do not necessarily accept the distinc-
tions and categories used in the news articles. Indeed, it is important
to contest the idea that all mathematics teaching falls neatly into one
of these two categories, rather than being, for example, a mixture of
these and other ideas. Mounting such a challenge is, however, likely
to be difficult. The binary underpinning the dominant frame is largely
taken for granted, coming close to being a ‘regime of truth’ (Foucault,
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1979) in that even alternative positions must conform to these general
categories.

Similarly, the news reports carry a fairly strong moral tone related
to the general sense of decline. Again, this moral tone is related to
deeply embedded and largely unquestioned assumptions. After all,
who is in favour of educational or economic decline? It is important,
in fact, to note this connection with economic prosperity as both a
key purpose of education (in this portrayal) and a key source of moral
judgement, since increasing prosperity is assumed to be a good thing
in capitalist societies.

How, then, as mathematics educators, can we respond, if at all?
It is difficult to know how to respond to frames that are based on
assumptions that come close to the status of regimes of truth. Any
response or attempt at rebuttal will tend to be framed in the same
terms. Indeed, one or two articles illustrate this, challenging the
binary distinction, and so reinforcing it. The reflexive relationship
between news framings and public understanding of issues means
that it is difficult to change these framings. It is part of the nature
of frames to use binaries and to simplify complex situations to make
them more digestible. Attempting to explain the complexity of math-
ematics learning and teaching is difficult to do within the constraints
of a news frame. Appelbaum (2014) has engaged with this challenge,
arguing for something like guerrilla-style “tactics” (another part of the
battle metaphor) in which we try to disrupt the frames and so make
people think. For our part, we do not have any simple suggestions;
instead we welcome discussion on this issue.

Notes

1. Math wrath: Parents and teachers demanding a return to basic

skills. By Alphonso, C. & Maki, A. Globe and Mail, 7 January 2014.

2. Canadian education: The math just doesn’t add up. Editorial. The
Globe and Mail, g January 2014.

3. Math isn't hard. Teaching it is. By Urback, R. National Post, 5

December 2013.
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4. Math wars: The division over how to improve test scores. By

Carlson, K. B. The Globe and Mail, 10 January 2014.

5. Quebec adds, Canada subtracts on its math scores. Editorial. The
Globe and Mail, 3 December 2013.

6. Ontario unveils $4-million math upgrade plan. By Morrow, A.,
Alphonso, C. & Maki, A. The Globe and Mail, 8 January 2014.

7. The double danger of low math scores. By Hirsch, T. The Globe
and Mail, 6 December 2013.

8. No time for educational complacency, Canada. By J. Simpson.
National Post, 4 December 2014.
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A Derridean Critical Contribution to
Social Theories in Mathematics
Education Research

Marcelo Salles Batarce
Universidade Estadual do Mato Grosso do Sul

In “Whither social theory?’, Pais and Valero (2014, p. 246) considered
that social theories in mathematics education research leave “mathematics
untouched and outside the possibility of being deconstructed’. In this paper,
1 discuss this claim from a philosophical point of view. My theoretical ref-

erence is the work of Derrida.

A New Question for Social Theory in
Mathematics Education?

In “Whither social theory?” (Pais & Valero, 2014), one can read two
fundamental critiques to social theory in mathematics education: (a)
that not taking “research itself as a social structure that provides ways
of thinking and doing the teaching and learning of mathematics in
schools” (p. 244), researchers disavow “a critical reading of their own
role and of the research they produce in the problems they identify”

(p- 244); and (b):

... there is a strong limitation in the use of sociological theory
when researchers still behave as uncritical ambassadors of math-
ematics. To leave mathematics untouched and outside of the
possibility of being criticized and deconstructed is creating a
limit to our understanding. (p. 246)

Both critiques indeed make together the kernel of my doctoral thesis
(Batarce, 2011). They appear in Chapter 2 under the title “The limits
of mathematics educators’ critiques to mathematicians”. Also, part
of my effort in the same chapter is to show how the two critiques
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are linked. The issues have also been partially framed in Mattos and
Batarce (2010).

I have presented the second critique from a Derridean perspective
and therefore in a very philosophical way. After the paper of Pais
and Valero’s, my considerations might be of interest to a critical phi-
losophy of social theory in mathematics education. My claim is that
mathematics education research’s adhesion to “mathematics” is much
deeper rooted than one seems to realize and it is, after all, an adhesion
to a metaphysical tradition of knowledge.

The Meaning of Mathematics: An Old Question

in Mathematics Education Research

If one were to review every paper, chapter, or book in the mathe-
matics education literature that includes any reference to discussions
about the meaning of “mathematics”, one would probably gain a good
understanding of the production of mathematics education research
as a whole. If one wanted to look at this question through the histor-
ical developmental lens of mathematics education research then the
reviewer would have a wealth of historical material to follow. Names
and classical texts such as Freudenthal (1978), Davis and Hersh (1980)
and Ernest (1993) became pertinent and influential, in part, through
their approach to this theme. Could not the same be said in respect
of developments such as ethnomathematics, for example, where chal-
lenging the concept of “mathematics” appears to be at the heart of the
program?

In recent years, the theme of the meaning of mathematics still
influences a wide range of trends in mathematics education research.
A good example of this is “the professional formation of teachers”
as it was named in the Symposium on the occasion of the rooth
Anniversary of ICMI in 2008. Drawing on Shulman’s notion of ped-
agogical content knowledge, Deborah Ball became a leader amongst
those who ultimately attempted to delineate a “pure” content knowl-
edge for mathematics teaching that differed from that afforded by
mathematicians’ mathematics.

Coincidentally, the theme of PME (2006) was “Mathematics at
the Centre”.

MES8 | 313



The theme of this year’s PME conference is Mathematics at the
Centre. This theme is chosen with the intention of going back
to the roots... at the heart of every effort to make mathematics
teaching comprehensive, useful, interesting and thrilling must be
mathematics itself and this is not to be neglected... We believe
... that many of us share this concern for mathematics (Novotnd,
2006, p. 1_liv)

But this theme appears to have caused discomfort inside the
Conference itself. Romulo Lins (2006) led a plenary panel with the
theme “A Centre and a Mathematics” and his words certainly did
not completely mirror those of the welcoming Conference address.
He asked whether mathematics was at the core of our root system or
whether it had been relocated to the centre of mathematics education,
hence becoming our last line of defence.

...having being absent from PMEs for a while, I couldn’t help
but consider the possibility that, given the theme of this 2006
conference, “Mathematics in the centre”, this might be our last
trench: mathematics. After 17 years—and I am not counting
what might have happened before I join PME community—
the inner centre seemed to have been moved to “mathematics”

(p-1/67)

The Word “Mathematics”

But after long meditations, one may consider that, mathematics, first
of all, is nothing more than a word. Or, it cannot be anything if there
is not the word. Here and there, mathematics education researchers
have scratched this conclusion.

In the same PME paper quoted above, Lins visibly mistrusts the
word “mathematics”.

... the very word “mathematics” is something that, in our western
or westernised cultures, floats above all of us, better, it fills, in a
sense, some cultural “air” we are immersed in, something whose
presence does not depend on the mention of any specific content
or area. (p. 1/68)
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This strange power of confusing the senses appropriated by the word
“mathematics” would become more apparent when the constituent
parts are read within the term “mathematics education”. It is almost as
if “mathematics” failed to refer to the body that is “mathematics” at all!

When Susie’s paper mentions a keen interest in what she calls
“subject cultures”, I think she is precisely acknowledging that
there is a sense in which “mathematics” in “mathematics educa-
tion” does not need to mean a reference to specific topics and the
teaching and learning of those topics, although it may, of course,
be meant in this way. (p. 1/68)

But none presented the question as straightforwardly and clearly as
Anna Sfard (1998) did. She appears also to have grasped a question,
which seems to be fundamental as a basis for mathematics education’s
critiques of mathematicians: “If a mathematics educator studies math-
ematics is it the same object for him or her as it is for a mathematician
who studies mathematics?” (p. 491).

Not by chance, that same issue, the reduction of “mathematics” to
a word will upset Sfard’s analysis of an irreducible difterence between
mathematicians and mathematics educators. She was aware that the
issue lies in the question:

To what meaning of the word “mathematics” do people sub-
scribe when they identify themselves as researchers in the field
of mathematics education? (Sfard, 1998, p. 495)

If, on the one hand, she seems to cast doubt on the possibility of con-
cealing this difference with respect to the concept of “mathematics”

Moreover, it seems that trying to fill in the gap in an attempt to
make the two mathematics into one would be pointless. (p. 505)

... she appears, at the same time, to trust in an objectivity of “it”,
beyond difterences, as a word:

It seems that the first step necessary ... is to clarify what the
word “mathematics” means to them [mathematics educators] in
relation to what it means to mathematicians. (p. 492)
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...and everything is based on the premise that the word “mathematics”
is not a unit. Could it be possible to write an irreducible difference
of meanings but yet maintain identical features of their referents?
Perhaps, but only with a trick of writing: the use of hyphens.

That the Typical-Mathematician’s-mathematics and the math-
ematics-education-mathematics come to be worlds apart seems

undeniable. (p. 505)

Wittman attempted another example, where instead of hyphens, he
played with capital letters:

I suggest the use of capital letters to describe MATHEMATICS
as mathematical work in the broadest sense; this includes math-
ematics developed and used in science (Wittmann, 1998, p. 9o)

One may suggest that the existence of a plurality of meaning for
“mathematics” supports, in general, the arguments of mathematics
educators against mathematicians. That is, the possibility of many
facets of mathematics, as promulgated by Sfard in her chapter “The
many faces of mathematics: Do mathematicians and researchers in
mathematics education speak about the same thing?” (1998); the dif-
ference between academic mathematics and street mathematics, as
developed by Terezinha Nunes; the form of mathematics in differ-
ent cultures and D’Ambrosio’s program on ethnomathematics; Alan
Bishop’s on anthropology; the postmodern approaches and the con-
cept of mathematics constructed through discourses; the different
epistemology of mathematics in Paul Ernest; or even the most tra-
ditional psychology of mathematics education and Begle’s concept of
mathematical behaviour. It follows that the essence of the meaning
of mathematics is held in mathematics education itself. Conversely,
the very difference between the word “mathematics” and its meanings,
in its plurality, is bound to a tradition of metaphysics, which appears
to limit the effectiveness of the critiques of mathematics education
practitioners.

But to these metaphysico-theological roots many other hidden
sediments cling. The semiological or, more specifically, linguis-
tic “science” cannot therefore hold on to the difference between
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signifier and signified—the very idea of the sign—without the
difference between sensible and intelligible, certainly, but also
not without retaining, more profoundly and more implicitly, and
by the same token the reference to a signified able to “take place”
in its intelligibility, before its “fall,” before any expulsion into the
exteriority of the sensible here below. As the face of pure intelli-
gibility, it refers to an absolute logos to which it is immediately
united. This absolute logos was an infinite creative subjectivity
in medieval theology: the intelligible face of the sign remains
turned toward the word and the face of God. (Derrida, 1976, p.

13)

In fact, one might suggest that a criticism of mathematicians’idealism
of mathematics will only be accomplished through the elimination
of those sediments referred by Derrida. In this paper, I do not intend
to exam this suggestion in depth. Rather, I intend only to provide
the bases whereby a critique might be developed. In order to do so, 1
shall now return to Derrida and his discussions about word, writing,

signifier and signified

Mathematicians and Mathematics Educators as

Unities of Consciousness

The first question to be raised following the previous sections is:
“What is a ‘word’?” But this question does not have a straightforward
answer and rather than being a simple enquiry, the question itself may
entail a response. It is in this way that Derrida refers to Saussure’s
project:

The form of the question to which he [Saussure] responded thus
entailed the response. It was a matter of knowing what sort of
word is the object of linguistics and what the relationships are
between the atomic unities that are the written and the spoken
word. Now the word (vox) is already a unity of sense and sound,
of concept and voice, or, to speak a more rigorously Saussurian
language, of the signified and the signifier. This last terminology
was moreover first proposed in the domain of spoken language
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alone, of linguistic in the narrow sense and not in the domain
of semiology (“I propose to retain the word sign [signe] to
designate the whole and to replace concept and sound-image
respectively by signified [signifié¢] and signifier [signifiant]” p. 99
[p.67]). The word is thus already a constituted unity, an effect of
“the somewhat mysterious fact ... that ‘thought-sound’ implies
divisions” (p. 156) [p. 112]. Even if the word is in its turn articu-
lated, even if it implies other divisions, as long as one poses the
question of the relationships between speech and writing in the
light of the indivisible units of the “thought-sound,” there will
always be the ready response. Writing will be “phonetic,” it will
be the outside, the exterior representation of language and this
“thought-sound.” It must necessarily operate from already con-
stituted units of signification, in the formation of which it has
played no part. (Derrida, 1976, italics in the original, p. 31)

As recognised by Derrida, Saussure’s project entails a notion of a word
or sign which “primordially” refers to the spoken-word. That is, the
signifier has a phonetic nature. The following passage from Saussure,
as quoted by Derrida, illustrates this: “The linguistic object is not
defined by the combination of the written word and the spoken word:
the spoken form alone constitutes the object.” (Saussure in Derrida (1976),
p- 31, Derrida’s italics). This “privilege” of voice over writing, which is
at the very heart of Derrida’s critique, is not only a result of Saussure’s
project but it also refers more overarchingly to the concept of sign in
the western tradition, a tradition that has always placed the concept
of phone above that of writing:

Language and writing are two distinct systems of signs; the
second exists for the sole purpose of representing the first.
(Saussure in Derrida, Derrida’s italics p. 30)

It is this very fact that writing is considered to be subordinate to
language that Derrida will explore when confronting Grammatology
and Linguistics. He will challenge the notion of presence as an aspect
imperative to the constitution of a science of language, with the
concept of writing. While the presence of the speaker seems to be
essential to speech, writing disseminates without the presence of its
author. The notion of presence which Derrida confronts is the idea of
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consciousness and authorship as a full diktat of meaning. The absence,
as an essential feature of writing, challenges this full diktat of mean-
ing. Let us, at this point, revisit the question as it appeared framed by

Anna Sfard.

It seems that the first step necessary ... is to clarify what the
word “mathematics” means to them [mathematics educators] in
relation to what it means to mathematicians. (p. 492)

For Sfard, the two subjects, mathematicians and mathematics edu-
cators, appear to be the guarantors to the meanings of the word
“mathematics” in each case. The differences of meanings are posterior
to the subjects already represented. Their presence represents there-
fore the consciousness (of a community or the like) of a completed
meaning (we might say “understanding”) in each case for the word
“mathematics”.

The scenario in which Sfard’s arguments appears to emerge would
be a particular time when mathematicians and mathematics educa-
tors have not yet confronted their divergent meanings for the word
“mathematics”. Each cohort, as independent subjects with their own
history, consciousness, and knowledge has independently constructed
their own meaning for this word. Sfard’s arguments appear exactly
at the time when these opposing meanings could be fruitfully and
vigorously explored and debated to eliminate the almost inevitable
misconceptions arising from such autonomous positions behind held.

But, what about if mathematics educators’ concept of mathematics
gains its actual meaning already and only in relation to mathemati-
cians’ meaning of mathematics and vice versa? That is, if each meaning
for mathematics was constituted exactly and only at the point of their
differences? And the subjects mathematicians and mathematics edu-
cators (the consciousness, history and so on of each) are constituted
not beforehand the meaning that each one assigns to “mathematics”
but on the contrary, the subjects are constituted in their relation to
the meanings of mathematics. From this point of view there cannot
be a third and impartial position which, looking from above, could
see the differences and establish fairly (above the two positions) the
correct relation and alliance between the two. Instead, in principle, the
differences and the constitution of the subjects (mathematicians and
mathematics educators) was the outcome of their differences.
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What is Written Here, “Mathematics”?

In Habermas’s (1987) critique of Derrida we read:

[For Derrida] writing makes what is said independent from the
mind of the author, from the breath of the audience, as well as
from the presence of the objects under discussion. The medium
of writing lends the text a stony autonomy in relation to all
living context. It extinguishes the concrete connections with
individual subjects and determines situations, and yet the text
still retains its readability. Writing guarantees that a text can
always repeatedly be read in arbitrarily changing contexts. What
fascinates Derrida is this thought of absolute readability. (p. 166)

Setting aside the fact that Habermas appears to overlook the possibil-
ity that Derrida’s project attempts to affect the meaning of “be said”,
he is correct in affirming that Derrida insists on the necessity for the
concept of writing not to be attached to an individual subject or any
determined situation. This very motive appears constantly in Derrida
and is the very theme developed in “Signature Event Context”

...a written sign carries with it a force that breaks with its con-
text, that is, with the collectivity of presences organizing the
moment of its inscription. This breaking force [force de rupture]
is not an accidental predicate but the very structure of the writ-
ten text. (Derrida, 1988, p. 9)

Notably, Zizek, however, interprets Derrida completely to the con-
trary of what Habermas says. While Habermas critiques Derrida
for his ideas of writing—for it “extinguishes the concrete connec-
tions with individual subjects [what one says or intends to say, to
use ZizeK’s words] and determined situations, and yet the text still
retains its readability [effectively written]”. Zizek, on the other hand,
suggests that, in Derrida’s work, it would be possible to measure the
coincidence or not of what one intends to say and what is effectively
said. That is for him the very distinction between Derrida and Lacan;
in Derrida, he states that the text is tied:

...every text, however metaphysical, always produces gaps which
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announce breaches in the metaphysical circle: the points at
which textual process subverts what its “author” intended to say

(Zizek, 1989, p. 154).

Indeed, if one considers that Derrida is constantly reminding us that
“Writing is read; it is not the site, ‘in the last instance,’ of a hermeneu-
tic deciphering, the decoding of a meaning or truth” (Derrida, 1988,
p. 21) one can see that Habermas’s point is much closer to Derrida
than ZizeK’s. Consequently, one can posit that the conclusion which
Zizek arrives at regarding the distinction between Lacan and Derrida
is incorrect:

In Seminar XI he [Lacan] begins one of his sentences: ‘But this
is precisely what I want to say and what I am saying — because
what I want to say is what I am saying...”In a post-structuralist
reading, such phrases prove that Lacan still wants to retain the
position of Master: ‘saying what I want to say’ lays claim to a
coincidence between what we intend to say and what we are
effectively saying—is not this coincidence which defines the illu-
sion of the Master? Is Lacan not proceeding as if his own text is
exempt from the gap between what is said and what he intended
to say? Is he not claiming that he can dominate the signifying
effect of his text? In Lacanian perspective it is, on the contrary,
precisely such ‘impossible’ utterance—utterance following the
logic of the paradox T am lying—which keep the fundamental
gap of the signifying process open and in this way prevent us
from assuming a metalanguage position. (Zizek, 1989, p. 156)

In fact, contrary to Zizek’s analysis, Derrida’s line of thought does not
challenge “the coincidence between what we intend to say and what
we are effectively saying” but as Habermas realised, Derrida takes it
much further:

Inasmuch as Derrida replaces grammar as the science of lan-
guage with grammatology as the science of writing, he intends
to make the basic insight of structuralism even more pointed.
(Habermas, 1987, p. 166)

Derrida (1976) brought attention to this point himself in “Of
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Grammatology”

It has sometimes been contested that speech clothed thought.
Husserl, Saussure, Lavelle have all questioned it. But has it
ever been doubted that writing was the clothing of speech? For
Saussure it is even a garment of perversion and debauchery, a
dress of corruption and disguise, a festival mask that must be
exorcised, that is to say warded off, by the good word: ‘Writing
veils the appearance of language; it is not a guise for language
but a disguise’ (p. 51) [p.30] (Derrida, 1976, p. 35)

It is in the very sense of an “impossible” utterance, as suggested by
Zizek when referring to Lacan, that one can recall Derrida’s “abso-
lute readability” as claimed by Habermas. In Derrida, the “impossible”
utterance would be translated into “what one is reading is not actually
what is written”, or in paraphrasing Zizek: “the text is lying”. That
interpretation is impossible for Derrida. If Lacan claims that “what
I want to say is what I am saying”, Derrida would retort: “what one
reads is what is written”.

One should recall that, independently of Derrida’s concept of writ-
ing, the common perception of writing actually allows for a notion of
absolute readability. It is the common notion of writing that says that,
although different meanings may be granted for a text, the printed
text itself never deviates. In other words, if one person reads a text and
gives “it” to another person to read, both can be free to disagree about
its meaning but they will be in no doubt that it is absolutely the same
text. This line of reasoning follows Saussure’s distinction between sig-
nified and signifier, as I have mentioned in the previous sections.

It was in this sense that the two mathematics; the mathematicians’
mathematics and the mathematics educators’ mathematics, although
they may differ in terms of meaning, are always identical in phonetic
terms. That is, this same force, when it frees itself from the con-
cept of the word “mathematics,” ultimately depends upon the idea
of the “shape” of a word or the phonetic component of that word—
Saussure’s concept of “signifier”. It is in this very locus that, I suggest,
there remains a pure, a priori, and firm core of mathematics for math-
ematics educators.

Following Habermas’s tenet in the notion of absolute readability
one could ask: “Does not Derrida’s concept of writing imply that
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mathematics is always mathematics?” I shall answer this by saying
both “Yes” and “No”. Here ZizeK’s position regarding Lacan is very
welcome and, as I have suggested, in Derrida it is more pointed than
Lacan’s “I am saying what I want to say’. If what I am reading (inter-
preting and understanding) in a book is exactly the content of the
book (absolute readability for Derrida) it means that if I read it again
tomorrow and read “there” another “meaning”, as this “new” meaning
it is always what is indeed written in the book (absolute readability
in Derrida’s sense) and it implies that the same book in the most
extreme, radical, and literal way possible is always really another book.
It is as if the book with its printed mark and identifiers was always
literally “re-written”. What Zizek has postulated about Lacan rings
even more true with Derrida. That is, the fact that for Derrida writ-
ing is read, or what Habermas calls Derrida’s “absolute readability”,
maintains “the fundamental gap of the signifying process open [and]
in this way [it] prevent[s] us from assuming a metalanguage posi-
tion”. Derrida’s formula here is that “fundamentally nothing escapes
the movement of the signifier”.

Using Derridean concepts, since the difference between the “two”
mathematics is readable, it is also therefore written. It is not the inter-
pretation of writing but it is the writing itself. In other words, as long
as one continues reading it, it is indeed written there. However this
difference does not imply the impossibility of equality. One may argue
that both “mathematics” are identical but it depends a priori on the
existence of two separate connotations rather than just one. The very
point is that the difference is always situated prior to any notion of
equality.

'The simple implication which one can observe here is that the
unity of mathematics’ meaning never existed. Whenever one writes
“it” again, one writes another thing. Whenever one reads “it” again,
one reads another thing. At this point let me bring again Lins’s state-
ment that “ ‘mathematics’ in ‘mathematics education’ does not need
to mean a reference to specific topics” (Lins, 2006, p. 1/68). If one can
read a non-reference it is because it is written.

It is at this point that any commensurability a priori between the
mathematics of mathematicians and mathematics educators’ mathe-
matics must be totally eradicated. The mathematics of mathematics
educators’is not more or less cultural or social a priori than the math-
ematics of mathematicians. Whilst the “logic of the word” highlights

MESS | 323



certain commensurability; the sameness as the principal of repetition;
the sameness in the different occurrences of the same word, Derrida
introduces a new logic for writing; the logic of dissemination. For
Derrida, writing is never the representation of a truthful event located
in time and space or the code of true meaning, and this capability of
not being anchored to a meaning, an event or whatever, is the essence
of dissemination. In fact, it is against the logic of a “word” and all that
it presupposes (form, shape, unit, noun, appellations etc.) that Derrida
writes:

Nonphonetic writing breaks the noun apart ... The noun and the
word, those unities of the breath and concept, are effaced within
pure writing (Derrida, 1976, p. 26)

‘The meaning of “mathematics” and the word “mathematics” (even the
quotation marks are unhelpful here) are not crucially different for
Derrida, since meaning is always situated in the position of a signifier.
The meaning “mathematics” has no value before or after its “written
form”—either mathematics or mathematics (education). However,
if, on the one hand, Derrida’s concept of writing may accomplish the
very object of mathematics education’s critiques of mathematicians,
on the other hand it also challenges the purity of a concept of math-
ematics education and therefore the rationale of a project enclosed
within the supposed boundaries of a pure domain of research. It is this
paradox that, perhaps, persuades the reader of the appropriateness of
the scope and consequences of this paper.

No community, no science, no research domain, no political posi-
tion, whether in their ontological or epistemological boundaries
buried in cultural spaces, dominates “mathematics” if this is to be
understood as writing using the Derridean concept of writing. For
the same reason, Derrida’s concept of writing does not attempt to cor-
rect those ontological unities and discover another essential meaning
to mathematics education. By contrast, it attempts to disable all of
them before or after they are written. The meaning of “mathematics”
is neither affixed after nor before the text “mathematics (education)”.
That is the simple statement which Derrida encourages us to accept.
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Building a Case for Understanding
Relational Dimensions
in Mathematics Classrooms

Dan Battey & Luis Leyva
Rutgers, The State University of New Jersey, USA

Research on mathematics instruction often focuses on issues of problem
solving, explanations, and discussions. However, relational aspects of class-
rooms may be just as important, particularly in understanding the success
or failure of underserved students. The paper briefly looks across four studies
that examine dimensions of relational interactions in mathematics. This
research details a case study, builds a framework for understanding rela-
tional dimensions of mathematics classrooms, and uses regression to study
links with student achievement. The work builds the case that relational
dimensions of classrooms are critical in understanding student learning and
engagement with mathematics.

In examining instruction in urban schools, mathematics educa-
tion research often focuses on dimensions such as problem solving,
mathematical discussion, student explanations, and cognitive depth.
However, this focus on content instruction may overlook relational
dimensions that impact learning. We think there is much to gain
in attending to this as a mechanism that impacts student learning
in mathematics. As a field, we may be underestimating the impact
of instruction on student learning when not considering mecha-
nisms such as relational dimensions in the mathematics classroom
(Lubienski, 2002). While quality content instruction is necessary, it
may be insufficient in generating the kinds of student understand-
ings that the field aims for, particularly for underserved students. We
begin by reviewing literature on relational dimensions of mathematics
classrooms and then briefly discuss four related studies building a
case that relationships are a critical element for the field to examine
in more detail.
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Teacher-Student Relationships in Mathematics

Scholars have approached the study of teacher-student relation-
ships in mathematics in a number of ways. For example, Hackenberg
(2010) builds off of Nel Nodding’s (1984) work on an ethic of care to
understand how teachers can form caring relationships with students,
both with respect to their mathematical ideas and their emotions. In
working with four students, she shows how teachers can build caring
relations through mathematical support. Bartell (2011) adds to this
work by conceptualizing “caring with awareness”, which explicitly
addresses cultural and racial aspects of relationships. In theorizing
caring with awareness, she considers that to care for many Latino and
African American students, who are often marginalized in the US
educational system, teachers must take on student perspectives. In
doing so, teachers take on explicit stances that challenge stereotypes
about who is mathematically competent. Across this work, caring for
student contributions, emotions, and cultural backgrounds are central.

Cultural backgrounds are also critical in attending to behavior.
African American and Latino students endure more conflictual rela-
tionships and behavioral discipline than their white peers (Jerome,
Hamre, & Pianta, 2009). In general, research shows that teach-
ers overreact when addressing behaviors of African American and
Latinos, placing a strong emphasis on physical control (Monroe,
2005). Monroe (2005) determined that teachers with a limited
understanding of students’ cultures tended to issue severe behavioral
sanctions. Even when controlling for economic status, Gregory and
Weinstein (2008) found that teachers interacted more negatively with
African American and Latino students by issuing sanctions. How
teachers address student behaviors is critical then in teacher-student
relationships.

Boaler and Empson highlight the importance of attending to
student contributions in mathematics. Boaler (2006) documented
teachers that highlight the intellectual value of student contributions
through explicit statements, questioning, or asking students to share
their mathematical thinking. Through these teacher actions, stu-
dents were framed as competent mathematically, disrupting the low
status and fixed notions of ability that are common in mathematics.
Empson’s (2003) research also speaks to the importance in framing
students’ contributions as having value. She found that for the lowest
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achieving mathematics learners, positive interactions with the teach-
ers served to enhance their mathematical identity and performance.
Both of these scholars highlight how acknowledging the mathemat-
ical ideas of learners framed students as mathematically competent.

Gorgori6 and de Abreu use social representations to understand
teacher-student interactions (Gorgorié & de Abreu, 2009). In this
work, they highlight the way in teachers dismiss different ways of
thinking mathematically or misinterpret various cultural represen-
tations within mathematics. Similar to Bartell, this work on social
representations highlights cultural aspects of mathematics classrooms
that impact student engagement. In contrast, Civil (2007) focuses on
classrooms where teachers value the cultural knowledge of parents
and students. In blurring the boundary between the school and home,
teachers valued the everyday practices that students brought to math-
ematics. These scholars emphasize cultural perspectives as central to
understanding students’ representations and knowledge.

Finally, Setati and Adler draw attention to the overlap between
culture and language (Setati, Adler, Reed, & Bapoo, 2002). In their
research, code-switching serves as both a tool to move between
informal and formal talk as well as across mathematical discourses.
Relatedly, Moschkovich (2002) highlights the importance of lan-
guage in bridging relationships with students and how language can
construct mathematical competence. She discusses the importance
of giving students access to mathematical discourse, defined more
broadly than vocabulary. These researchers highlight the complexity
in supporting students’ language practices, their cultural nature, and
implications for mathematics learning.

This work raises the complexities involved in teacher-student
relationships within mathematics including dimensions such as
acknowledging student contributions, providing emotional support,
highlighting student competence, and attending to linguistic and
cultural resources. However, this work does not look across these rela-
tional dimensions. The studies discussed below extend this research by
examining relational interactions across dimensions.
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Study 1: A Case Study of Relational Interactions

This case study of a 4th grade classroom examined mathematics
instructional quality and teacher-student relational interactions. We
define relational interactions as a communicative action or episode
between teachers and students, occurring through verbal and non-
verbal behavior that conveys meaning (Battey, 2013). In considering
“good teaching” in mathematics, scholars usually refer to teacher
content knowledge and instruction that promotes understanding
(Wilson, Cooney, & Stinson, 2005). However, these two elements are
often not as prevalent in urban contexts, a space where high per-
centages of African American and Latino students are educated
(Lubienski, 2002). Using video, field notes, and an interview, the case
study found an urban teacher that engaged students in substantive
mathematics, but a number of relational interactions seemed to dis-
rupt access to mathematics. Across two classroom lessons, the study
found four dimensions of relational interactions that mediated access
to mathematics: addressing behavior, framing mathematics ability,
acknowledging student contributions, and attending to culture and
language (Battey, 2013). The two research questions were: 1) How
does an elementary teacher exhibit mathematics knowledge and
instructional practices in her classroom? 2) How do relational inter-
actions shape access to mathematics for African American and Latino
students?

The teacher, Ms. Spencer, displayed quality content instruction
across the lessons. She moved students to more sophisticated numbers
and encouraged generalizations using a variety of pedagogical strat-
egies. Sometimes her relational interactions were aligned with these
mathematical goals. Her positive interactions encouraged student
strategy use, affirmed students’ mathematics ability, and connected
the mathematics to familiar contexts. On the other hand, a number of
interactions contrasted with her mathematical goals. In these negative
episodes, Ms. Spencer isolated students, questioned students’ ability,
ignored student thinking, used sarcasm, withheld instruction, and
focused on language issues to the detriment of mathematics learning.
What is particularly interesting in this case is that relational interac-
tions were mostly orthogonal to the quality of content instruction.

This case study speaks to the fact that our conceptions of
“good” mathematics teaching are often too narrow, particularly for
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underserved students. What seems missing in Ms. Spencer’s interac-
tions and comments is a deeper understanding of why these episodes
take place. Her relational interactions enable or restrict access to
quality mathematics, regardless of the form of instruction provided.
When she praises students, affirms student ability, and encourages
them to go deeper into the mathematics, we see a teacher who is
using relationships to support the practices we so often seek in urban
mathematics classrooms. When Ms. Spencer uses sarcasm, withholds
instruction, treats students as invisible, and misses student contribu-
tions, we see a teacher who may be holding deficit views of students.
But research in mathematics education does not have a framework to
bring more understanding across relational dimensions.

Study 2: A Framework for Relational Interactions

The second study extends the first by developing a framework for rela-
tional interactions across seven 4th and sth grade classrooms in one
urban school. To further this line of research, the study aimed to look
at the association between relationship interactions and instruction
across classrooms. The two research questions were: 1) What are the
types, frequency and intensity of relational interactions in elementary
mathematics classrooms? and 2) How do relational interactions relate
to the quality of mathematics instruction?

A fifth dimension of relational interactions was identified in this
study, setting the emotional tone (Battey & Neal, resubmitted). This
dimension builds on Hackenberg’s (2010) work around attending
to students’ emotions. The interactions that constituted this addi-
tional dimension spoke to broad messages that teachers passed on
to students, sometimes centering on the need to struggle through
mathematics or affirming multiple ways to practice mathematics.
Additionally, interactions such as framing mathematics ability and
attending to culture and language, while infrequent, sent intense
messages to students. These infrequent dimensions are ways in which
teachers reproduce or challenge broad discourses about who can or
cannot engage mathematics.

Addressing behavior and acknowledging student contributions
were more frequently occurring dimensions though the former was
more negative and the latter positive (see Table 1). The frequency
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Table 1

Relational Interactions: Dimension, Frequency, and Intensity

TEACHER
DIMENSION Ms.B MrJ MtD  MrlL MG Ms.S  MeT ALL
Behavior
Positive  2(1.0)? 0 0 2(1.0) 0 0 1(1.) 5(1.0)
Negative  1(1.0) 0 327)  23(1.8) 0 6(1.7)  18(1.9) 51(1.9)
Ability
Positive 0 0 0 2(10)  6(25) 2025  2(15) 12(2.1)
Negative  2(3.0) 0 2(2.0) 0 0 2(2.5)  1(2.0) 7(2.4)
Contributions
Positive  5(1.6)  4(1.3)  6(2.0) 3(1.7)  8(21) 18(1.5) 11(1.2) 55(1.6)
Negative m(2.5) 3(13)  3(23) 2(2.0) 0 19(22)  1(1.0) 39(2.2)
Culture
Positive 0 0 0 12.0)  4(23)  2(1.0) 0 7(1.9)
Negative 0 0 0 1(1.0) 0 1(3.0) 0 2(2.0)
Tone
Positive 0 3(1.0) 0 0 3(1.7) 0 0 6(1.3)
Negative 0 0 0 0 0 4(1.0) 0 4(1.0)
Total
Positive  7(1.4)  7(1.1)  6(20) 8(1.4) 21(2.2) 22(1.5) 14(1.2) 85(1.7)
Negative 14(2.6) 3(1.3)  8(2.4) 26(1.8) 0 32(2.0) 20(1.9)  103(2.0)
Interact.ions/ 0.43 0.31 0.44 071 0.75 0.55 0.74 0.56
minute
? Average intensity

and intensity of the interactions differed significantly across the

classrooms, as did the quality of instruction. Rates of relational inter-

actions varied between .30-.44 per minute in classrooms with more

traditional instruction to around .70 per minute in classrooms with
more reform-oriented instruction. This means almost twice as many
interactions occurred in more reform-oriented classrooms, which

are largely based on discussions. This increased rate provided more

opportunity to acknowledge student contributions — a dimension

that was more positive than negative. However, the increased rate of

interactions sometimes meant that rates of negative interactions in
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these classrooms were higher as well. The implication is that while
mathematics educators might try to increase reform-oriented content
instruction in classrooms, this potentially could increase negative rela-
tional interactions as well.

The increase in interactions raises a critical issue of changing
behavioral expectations as instructional norms shift in classrooms.
When teachers take on more reform-oriented practices, as they were
supported in doing during this study, teachers may struggle with
communicating behavioral expectations for students. An often-over-
looked issue in supporting teachers as they change instruction is how
this change makes it necessary to communicate different behavioral
expectations and therefore requires teachers to develop different strat-
egies for managing students. While this may not seem like an issue
for mathematics educators, if behavioral issues result in school disci-
pline (see Gregory & Weinstein, 2008), and in turn removes a student
from instruction, it heavily impacts mathematical access.

Interestingly, despite differences in instruction and rates of rela-
tional interactions, no relationship existed between the quality of
relational interactions and instruction for these seven teachers. The
finding that relational interactions do not necessarily parallel instruc-
tional quality raises the need for future research.

Study 3: Successful Relational Interactions

The conceptualization of relational interactions as within instruction
allows for a better conceptualization of what constitutes high-qual-
ity mathematics instruction, particularly for urban African American
and Latino students. To that end, this study identified teachers who
succeeded with students based on high student performance, quality
content instruction, and building strong relationships (Battey, Neal,
Leyva, & Adams-Wiggins, under review). Using video data of seven
2nd and 3rd grade teachers, the study explored one research question:
How do urban elementary teachers, who successfully support their
students, engage in relational interactions within their mathematics
classrooms? The study offers a key contribution to the literature by
detailing strong teacher-student relationships in urban elementary
mathematics classrooms within one district.
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Figure 1: Achievement Levels of Classrooms on the CST

Quantitative data from state assessments and classroom video were
used to select successful teachers. After selecting two teachers (see
Thomas and Moore in Figure 1) based on achievement data, instruc-
tional quality, and positive relational interactions, the analysis detailed
the relational interactions between these teachers and their students.
Almost 9go% of Thomas’students achieved at the proficient or advanced
level on the state achievement test, with no students scoring at the two
lowest levels. Her students performed statistically better than students
in all of the other classrooms except for Moore’s. Moore’s had over
20% more students achieve proficiency than the state and they per-
formed statistically better than all but Carter’s students. All of the
teachers scored high on instructional quality, but only Thomas, Moore
and Jackson had overall positive relational interactions with students.
Therefore we detailed Thomas and Moore’s relational interactions.

A number of patterns were evident in unpacking Ms. Moore and
Ms. Thomas’ relational interactions in the mathematics classroom.
Both teachers made their expectations clear for students’ mathemat-
ical engagement with peers. Additionally, Ms. Thomas consistently
recognized positive models of behavior and neither teacher esca-
lated episodes when noting students’ off-task behavior. Both teachers
pushed beyond answers, requiring justification and consistently
pressing for more complete explanations. Ms. Moore was particularly
adept at extracting the important mathematics even when students
had incorrect answers. Ms. Moore and Ms. Thomas framed students
as competent in contrast to stereotypes of the mathematical abilities
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of African American and Latino students. Ms. Moore also actively
incorporated student-generated mathematics problems, giving stu-
dents more ownership of the content. Ms. Thomas, on the other hand,
openly showed vulnerability with her students during instruction and
praised students for their thinking and fluency with the mathematics.

Consistent with study 2, some of the teachers in this study had an
extensive negative focus on behavior. However, Moore and Thomas
were balanced in addressing student behavior. In fact, both teachers
noted positive behavior more than misbehavior. Additionally, they set
clear expectations for how students should engage with each other in
the mathematics classroom. This is noteworthy given that this study
was performed in the last quarter of the school year and teachers were
still restating their expectations to students.

Table 2
Frequencies and Average Intensity of Relational Interactions

DIMENSION
TEACHER = Behavior Ability Contribution Culture Tone

Pos.  Neg. | Pos. Neg. | Pos. Neg. | Pos. Neg. | Pos. Neg
Moore 116(1.31)* 13(1.31) | 2(1.5) 0 |24(1.88) 3(1.33) | 2(1.0) 0o |9(156) o

Thomas | 7(143) 4(1.25) | 701) o |35(14) 4(125)| o o [3(167) o
? Average Intensity

Another connection between this study and the extant litera-
ture are the caring mathematical relationships that Bartell (2011)
conceptualized. The lessons did not provide clear examples of how
either teacher drew on culture or language in instruction besides Ms.
Moore drawing on student-generated mathematics problems. It is
possible that if more lessons had been videotaped, more examples of
this dimension may become apparent. However, both teachers shared
power in the classroom and exhibited elements of care in terms of
assigning competence to students that are typically negatively ste-
reotyped mathematically. The design of this study does not allow the
authors to say whether or not these were intentional in challenging
racial narratives, but they certainly run counter to the deficit narra-
tives that are so pervasive about mathematics achievement among
students of color. The study offers a key contribution to the literature
by detailing strong teacher-student relationships in urban elementary
mathematics classrooms.
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Study 4: Relational Interactions and Achievement

Study four examined how teacher-student relational interactions
affect students’ mathematics achievement. Analyzing the seven 2nd
and 3rd grade teachers and their 137 students in study 3, this paper
explored two research questions (Battey & Leyva, 2013): 1) How do
relational interactions explain variance in student achievement in
elementary mathematics classrooms? and 2) How do relational inter-
actions differ based on sex and ethnicity?

We entered the relational interactions dimensions as independent
variables with the state achievement test as the dependent variable
into a linear regression. Across all of the students, the only significant
relationship was Acknowledging Student Contributions (F = 21.57,
p < .o1). It explained 13.4% of the variance in students’ mathematics
test scores. Since only the third graders took the test the prior year, a
linear regression analyzed third grade scores with the added predictor
of prior achievement. Prior achievement accounted for 61.4% of the
variance in students’ subsequent scores. The only other variable that
accounted for a significant part of the variance was setting the emo-
tional tone, accounting for 12.6% of the variance in scores. The effect
size for the model was high (F = 63.63, p < .o1).

Teachers engaged in acknowledging student contributions at a
higher rate for females than males across both grades (p < .oz). This
raises concerns about whether the mathematical contributions of
Latino and African American boys were missed in classrooms. It is
not surprising that attending to culture and language and framing
mathematics ability did not produce any significant results. This was
probably due to two issues: (a) the infrequency of these relational
interactions and (b) tendencies to engage in these dimensions with
the whole class rather than with individual, resulting in a lack of
variance.

These findings point to the impact of teachers’ roles on student
achievement by way of attending to students’ mathematical ideas.
The results also speak to a needed reconceptualization of mathemat-
ics instruction as both an academic and social mechanism affecting
equitable opportunities.
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Conclusion

'The approach of detailing specific relational interactions builds on
prior work that looks at dimensions such as language, emotion, and
culture within mathematics classrooms. From a case study showing
how relational interactions can be orthogonal to content instruction
to links with change in achievement, the need to examine relational
dimensions of mathematics classrooms grows. We have been inten-
tional in making a case, building a conceptual framework, using the
framework to elaborate practice, and linking interactions with stu-
dent achievement. In looking across relational dimensions, a focus on
interactions holds potential in adding to our understanding of access
to mathematics for different student populations. For one, looking at
relational interactions for various student groups could create com-
parative contexts to see if teachers’ attitudes about groups change
the frequency and intensity of interactions. For instance, do African
American and Latino students experience more negative relational
interactions than their white peers? This might explain a piece of
the puzzle in terms of classroom mechanisms that impact student
learning. While this area of research is still developing, we think it
provides a way to codify observable classroom behaviors to tease out
the relationships that students are building with teachers and the
mathematics.
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“Archaeology” of Measurement
Knowledge: Implications for School
Mathematics Learning

Arindam Bose and K. Subramaniam
Homi Bhabha Centre for Science Education, TIFR,
Mumbai, INDIA

This paper explores measurement knowledge that middle-graders from
low~income families gain from out-of-school contexts and the implications
of such knowledge for classroom learning. Work and other out-of-school
contexts entail rich and diverse ‘funds of knowledge” about measurement.
Such knowledge includes conceptual elements which may be fragmented
or hidden, but if unpacked (archaeology) can support classroom learning.
The out-of-school measurement-related experiences have been analyzed to
show the underlying conceptual constructions and their diversity in terms
of measures, systems of units, and measurement tools. The paper discusses
possible connections between classroom learning and specific aspects of out-
of-school measurement knowledge using a characterization that marks such
connection.

In the diverse contexts that comprise everyday living, the notion
of measurement occurs frequently. It is used in diverse ways in
workplaces, in economic exchange, and in homes. The topic of mea-
surement is also a compulsory part of the school curriculum. Much of
the literature on out-of-school measurement knowledge has explored
the contours of measurement knowledge—diverse measurement tools,
modes and units, ways such knowledge is acquired, and its difference
from school mathematics. While such studies communicate a prom-
ise of reshaping school maths education based on what was known
about out-of-school knowledge, there is still a lack of clarity about the
implications of such studies for school learning. This paper unpacks
the diversity of measurement knowledge embedded in work and other
out-of-school contexts and also possessed by school children from an
economically active urban low-income neighbourhood, dotted with a
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micro-enterprise economy in a South Asian developing world con-
text. Many students in our study either participate in, or are aware of,
the work-contexts where measurement plays a role. Our purpose is to
inquire into the implications of such knowledge for school learning.

Archaeology of Embedded Mathematics

We have argued that many measurement tools used in everyday con-
texts, such as measuring scales and templates, have embedded in them
mathematical ideas and elements which remain hidden even from
those who frequently use such objects. Surprisingly, the mathematics
textbooks or curricula do not require students to explicitly uncover the
hidden or embedded mathematics from such objects. Such uncovering
or unpacking of the underlying conceptual constructions is what we
refer to as “archaeology” of embedded mathematics (Subramaniam,
2012). To begin with, unpacking of the embedded mathematics in
measuring scales can be the starting point of an “archaeological”
exploration, that can lead to learning about length measurement
and its uses such as the notions of construction of new or sub-units,
chunking, equi-partitioning, iterative covering, etc. Such archaeology
can have an important role in supporting the mathematical learning
of students who gather, as evidenced from our study, fragmented and
obscure mathematical knowledge from their work-contexts. We dis-
cuss these connexions below.

Funds of Knowledge

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 in their homes as well as in their
surroundings. Households and surroundings contain resources of
knowledge and cultural insights that anthropologists have termed
as funds of knowledge (Gonzélez, Moll, & Amanti, 2005). The “funds
of knowledge” perspective brings to mathematics education research
insights that are related to, but different from, the perspectives embed-
ded in studies of “culture and mathematics”. In contrast to restrictive
and sometimes reified notions of “culture”, the concept of “funds of
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knowledge” emphasizes the hybridity of cultures and the notion of
“practice” as “what people do and what they say about what they do”
(ibid, p. 40). Funds of knowledge are acknowledged to be broad and
diverse, and embedded in networks of relationship. When they are not
readily available within households, then they are drawn from com-
munity networks. This concept emphasises social inter-dependence.
From this perspective, children are active participants, not passive
by-standers.

We have used “funds of knowledge” as a guiding notion in analys-
ing the work contexts that students are exposed to, and in illuminating
the nature and extent of everyday mathematical knowledge available
within the community of the classroom. We look at “funds of knowl-
edge” as a resource pool that emerges from people’s life experiences
and is available to the members of the group, which could be house-
holds, 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 complex
knowledge and skills to cope and adapt with the changing circum-
stances 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 equipment.

Children’s participation in work, either within the household or in
the neighbourhood, allows a closer integration with the social net-
works that generate funds of knowledge, and makes this knowledge
present and available in the classroom. Educational philosophers, such
as Gandhi, thought of productive work as central to education, and
developed a vision of education centred around work. At an edu-
cation conference in India in 1937, he argued that “the proposition
of imparting the whole of education through the medium of trades
(crafts) was not considered [in earlier days]. A trade (craft) was taught
only from the standpoint of a trade (craft). We aim at developing the
intellect also with the aid of a trade or a handicraf? ... we may ... educate
the children entirely through them” (National Council of Educational
Research and Training (NCERT), 2007, p. 4, italics in original). In
the present Indian context, this perspective has had an influence on
the new National Curriculum Framework (NCF) (2005) which urges
educators to draw on work experiences as a resource for learning. It
points out that “productive work can become an eftective pedagogic
medium by connecting with life experiences of children; by allowing
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children from marginalised sections of society, having knowledge and
skills related to work, to gain a definite edge; and by facilitating a
growing appreciation of cumulative human experience, knowledge
and theories by building rationally upon the contextual experiences”

(NCERT, 2005, p. 6).

Measurement in the Out-of-School Context

Previous research on measurement within work-contexts or in other
everyday settings was carried out alongside or within the research on
out-of-school mathematics, with a particular focus on the alterna-
tive ways of thinking in different everyday contexts. Such research
provided evidence of how mathematical ideas were developed and
framed within work-contexts. These studies have highlighted the use
of different measurement modes and units (e.g., Lave’s study (1985)
with Liberian tailors); mental estimation techniques markedly dif-
ferent from those learnt in school; extensive use of conventional
mathematical concepts like congruence, symmetry, proportional rea-
soning, optimisation, and use of spatial visualisation (Millroy’s study
(1992) with South African carpenters in their everyday woodworking
activities); multiplicative thinking in everyday work-contexts using
proportions and inversion techniques, and use of scale-drawings
which drew on measurement knowledge and proportional reasoning
(study of Nunes, Schliemann, and Carraher (1993) with construction
foremen); use of spatial visualisation, estimation skills and indigenous
tools in Mukhopadhyay’s work (2013) on “vernacular boat-making”
in India. Saraswathi’s study (1989) on agricultural labourers’ mea-
surement practices reported use of variety of measurement modes
and units to describe the linear dimensions of routine objects used
in everyday contexts. The units were standard (old British, metric)
and non-standard (body parts, indigenous units). Linear dimensions
often served as an object’s identity and description. Estimation skills
depended more on experience and mental measurement.

Most of the above studies have focused on participants’ mea-
surement knowledge in their singular work-contexts. We have not
come across studies that looked at the varied contexts in the every-
day settings that students from low socio-economic backgrounds are
exposed to and the affordances of these settings for school learning
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about measurement. The implications of the above studies have led
to a cumulative understanding of the skills, procedures, and strategies
based on mathematical principles that are acquired in out-of-school
work contexts. In this paper, we take a broader view of not only what
our participants know or can do, but also what they have observed
and are familiar with, even if the mathematical knowledge associated
with these aspects is partial and fragmented. Our perspective is to
explore what aspects can serve as starting points or building blocks for
mathematical exploration in the classroom and unpacking the under-
lying mathematical concepts embedded in measurement practices. We
are also interested in how mathematical learning can strengthen the
understanding of measurement practices in real world contexts.

Measurement Learning as a
School Curriculum Topic

Research on the teaching and learning of measurement as a school
curriculum topic has been influenced greatly by the work of Piaget.
Measurement refers to the quantification of an attribute of interest for
purposes of comparison and for using in a calculation. Piaget stressed
the key notions of conservation, transitivity, equi-partitioning, dis-
placement, and iterative covering as underlying length measurement.
Subsequent research has added the notion of accumulation of dis-
tance and additivity and the role of the origin on scales (Sarama &
Clements, 2009). These ideas have also been extended to the learn-
ing of area and volume measurement. A look at textbooks prescribed
by the central and state governments (followed by the vast major-
ity of students in India) reveals that the dominant emphasis is on
acquiring measurement skills and on knowledge of the international
system of units for measurement (e.g., Maharashtra state mathematics
textbooks for Grades 5, 6,7 (Maharashtra Textbook Bureau, 2006).
Conceptual issues are dealt with briefly under the rubrics of “use of
non-standard units” and “need for standard units”, before the treat-
ment moves over wholly to the development of skills. These include
familiarity with common measurement instruments, use of standard
measurement procedures, interconverting between smaller and larger
international units, and computing with units. Classroom teaching
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in the schools that formed part of the study revealed that there is
even greater emphasis on paper and pencil computation skills with
very little treatment of either conceptual matters or even of practical
measurement.

We note that the curriculum and research agenda also need to
include concepts that connect with and illuminate the diversity of
measurement-related practices encountered in work and everyday
contexts. It needs to focus on the idea that quantification is at the
heart of measurement and quantification is achieved in different ways
for different attributes and for different purposes. It needs to develop
an appreciation of the difference between scientific measurement and
measurement in the everyday world. This paper, therefore, argues for
the inclusion of conceptual aspects that have so far not been included
either in the curriculum or in the research on measurement learning.
We argue that the diversity of measurement experiences in work con-
texts and everyday settings justifies inclusion of these aspects in the
curriculum and that the knowledge that children bring into the class-
room from out-of-school contexts supports learning of these ideas.

The Study

The large ethnographic study was conducted in a low-income neigh-
bourhood in central Mumbai that has as vibrant economy household
based micro-enterprises and small scale manufacturing units, which
provide employment to the dense population living in the locality
Even within a single class, we find students engaged in a variety of
income-generating work both within house-holds and in the neigh-
bourhood. Some common micro-enterprises that students participate
in are embroidery, zari (needle work & sequin stitching), stitching and
garment-making, making plastic bags, leather goods (bags, wallets,
purses, shoes), dyeing, button-stitching, making of rakhi (decorative
wrist bands) and stone-fixing work on ornaments. Recycling work is
also a major occupation in this locality. Being an old and established
settlement, it receives immigrants from different parts of India, mostly
unskilled workers who find jobs in the workshops and some of them
become apprentices in the small factories.

The study done over two and a half years time, which forms the
setting for this paper, was conducted in several phases. Beginning with
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the ethnographic exploration and classroom observation of Grades 5
and 6 of two municipal corporation-run schools, the researcher did
informal discussions with the students to understand the nature and
extent of their everyday mathematical knowledge. It helped in know-
ing about the opportunities available to gather such knowledge and
the extent of their involvement in economic activities. In the next
phase, data was collected through semi-structured interviews of a
representative sample of 31 students (one-third of the two Grade
6 classes) to understand their family-background, socio-economic
status, parental occupations, productive work done at home/elsewhere,
and student’s involvement in them. The interview included questions
aimed at understanding students’basic arithmetical knowledge. In the
third phase, a sub-sample of 10 students and an additional 7 students
from the same grade who volunteered, were interviewed to obtain a
detailed understanding of their work-context knowledge. Interviews
were transcribed and transcripts were coded at first and second levels
to review what they indicated about the nature of work students are
involved in, and what they know about aspects of the work. Students
have been designated with the letter “E” or “U” (for English and Urdu
medium school respectively) followed by a numerical subscript. The
data used for this paper is drawn from the interviews for measure-
ment aspects and from other phases of the study including informal
visits to the house-holds, manufacturing units and discussions held
with adults in these locations.

Characterising Out-of-School
Measurement Experience

Features and nature of students’ involvement in work practices shape
what the contexts demand of the students and the richness of the
knowledge that they acquire. Diversity of out-of-school settings gives
rise to diverse experiences of measurement. A characterisation of
such diverse knowledge is presented below from the point of view
of portraying the inherent richness of concepts implicated in such
experiences.
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Comparison and Estimation in Measurement

Measurement in everyday contexts including work and domestic set-
tings is different from measurement in the scientific world. Precision
and accuracy are not as important as convenience. In many situations
approximate measurements suffice. However, many of the processes
and concepts that underlie measurement in the everyday world are
centrally relevant to a conceptual understanding of measurement.
Everyday measurement contexts present diverse and extensive use of
comparison and estimation, and varied processes of quantification.
Templates for length measurement are often used in tailoring and
leatherwork. Tailoring work begins by cutting “fuzta” - stiff fabric or
a canvas cut as per the dimension specifications of the garment to be
stitched and made into a template called “farma”. Farma of shirt-col-
lars, pockets, of wallets and purses are commonly used. Comparison
is done following a farma and its design and specifications for making
new products. Wallet making often involves cutting square shaped
leather pieces of dimension 4” x 4” referred to as “desi” often cut from
a rexin piece of size 337 x 39”. A “desi” is a template and also used as
a measuring unit. Although “desi” is an area measure, it is used as a
discrete length unit and often leather pieces are measured in terms of
number of desi. For example, “nau desi se ek foot banta hai’ [nine desis
make a foot]” implying 9 desis cover and are equal to a square foot.
What may seem improper or ambiguous use of measurement units
is commonly used and understood in the community, possibly from
the context.

In everyday contexts, estimation is a common measurement mode
used with continuous as well as discrete attributes. Children like adult
workers learn different kinds of estimation skills based on their work
requirement. Work-contexts like zari (decorative sequin stitching on
garments) entail frequent use of estimation in choosing the quan-
tity of sequins to be stitched in a marked area or a specified design
laid out on a garment-part. Similarly, in leather and tailoring work,
estimation skill is used while deciding the amount of adhesive to be
used or while choosing the needle of a certain grade (called number)
and amount and types of threads for stitching. “Chindhi” (garment
recycling) work uses both estimation and visual comparison skills
while sorting. Cloth pieces of similar size are sorted and collected
together and the weight of the collection is estimated. Other work

MESS | 347



like textile printing requires estimating the lengths of cloth pieces on
which block printing is done and choosing a suitable “stopper” (i.e.,
printing block) whose dimensions are known to the workers. During
the interview with U23 (engaged in textile printing work), he gave
detailed explanation about the estimation of the quantity of colour
required in printing designs on cloth-pieces of different dimensions.
For example, he said in simple designs, one kg colour is sufficient to
print the design on 2000 small cloth-pieces. The researcher observed
that some students like U23 had a strong estimation sense and were
skilled in estimating the dimensions of different objects lying around.
Estimates of quality are also a part of some work contexts, although
these are rarely quantified. An exception is the practice of “grading”
in plastic recycling work in which visual estimation and tactile senses
are used to designate numbers to plastic wastes based on their quality.

Quantification and Construction of

Measurement Units

All measurement depends on the use of measurement units. In school
learning, children largely encounter standard units that are pre-given
in the form of measuring instruments (tapes, weights, etc.). The choice
of a unit and the construction of a convenient unit are the first steps
towards quantification of an attribute, and are important aspects of
the concept of measurement. In the classroom, these steps are rarely
emphasised. In many classrooms, they may at best be explained
verbally. However, there are several out-of-school contexts where
children encounter construction of a unit and other abstract notions
embedded in measurement processes.

Use of Body Parts in Measurement

The use of the body for purposes of length measurement using
hand-spans, finger bands or finger widths is commonly practised. In
tailoring, “finger band” (phalanx) and “finger width” are commonly
used to estimate length and length intervals. E6 who regularly visits
his father’s button-stitching workshop and also manages its running
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at times, mentioned the use of finger bands to quantify and measure
the distance between every two buttons — about four-seven fingers
width distance is maintained between them. E6 knew that one “inch”
is roughly equal to one “finger band” length.

Equi-partitioning of Units

Construction of sub-units from bigger units by equi-partitioning is
a common feature in work-contexts, for example, convenient weight
“templates” for small weights (50, 100 or 250g). Construction of
convenient units or templates derived from standard units is a con-
ceptually rich activity, since it may involve partitioning, combining or
otherwise manipulating a given standard measure. It is a step beyond
using ready made measuring instruments that are pre-encoded with
standard units, in the direction of understanding measurement con-
ceptually rather than learning it merely as a skill.

Iteration and Discrete Quantification

Most students were familiar with artefacts like measuring tapes and
their iterative use in quantifying a length measure. Some were also
familiar with folding of rope to make smaller lengths using equi-par-
titioning. Students also knew about templates (farma) and their use in
the iterative covering of an area, for example for carving out smaller
pieces of rexin from a bigger piece and to quantify it. Similarly,
discrete quantification is also common in work-contexts, viz., the gar-
ment-sizes marked with a letter or a number. Although most adults
and many children are familiar with these sizes, whether and how
these numbers are obtained through measurement is not clear to most
people. Students in our study interpreted these numbers as unrelated
to any units like inch or centimetre, and as merely indicating increas-
ing sizes. Only some tailors were aware that this indicates the person’s
chest measurement (not chest measurement of the garment, which is
larger) in inches. Here we have an instance of a measure familiar from
experience, but whose origin in quantification is obscure.
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Diversity of Objects, Measurement Instruments,
and Units

Students are familiar with and handle diverse objects in a range of
contexts with a variety of measurement units and tools. Length as a
salient attribute of an object is measured in unary as well as in mul-
tiple dimensions. As a unary dimension, length may refer to length
or distance, for example, length of a strap sewn on a bag, distance
between two buttons, or the depth of a pouch or a bag. Sometimes
area measures are indicated by specifying two length dimensions, as
for example, when a rectangular textile printing frame is indicated
by specifying the length of its sides (16”x12”) or when different sizes
of rectangular plastic packets are given by their dimensions “sazrab
paanch” (seventeen by five), “pandrah dus” (fifteen by ten). Here the
underlying connection between length of sides and area of a rectangle
is implicit.

Volume is commonly measured using both standard and infor-
mal units. Volume measures are often interchangeably used
with weight measures. The word “kilo” commonly means “kilo-
gram” and is a unit of weight. However “kilo” is often used as a
synonym for “litre”, a unit of volume. For example, E and U _
referred to kilos of milk and colour used in everyday shopping
and textile printing work respectively, although they actually
meant “litres”. Another common practice is to measure some
quantities by volume instead of weight; for instance, shops sell
mutthi or fistful of tea powder and grocery items. Muzthi is also
a unit used in measuring sequins for zari work apart from other
weight measures.

In micro and small manufacturing units and in everyday contexts,
students encounter a diversity of measuring instruments in the
work-contexts. Weight measurement, for example, is done with the
help of spring balances, two-pan balances of various designs, beam
balances, electronic single pan balances, and platform weighing
machines for large weights. Besides the use of tapes marked in both
inches and centimeters for length measurement, shops and work-
places use steel rulers, which may contain other kinds of markings.
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Shops selling cloth use steel meter scales with usually with mark-
ings for every 5 or 10 cms. Steel rulers often contain binary divisions
of the inch up to 1/32 of an inch. Volume measures used to mea-
sure grain, oil or milk come in a variety of shapes and sizes. Often
such volume measuring instruments are not properly calibrated or
marked. There are diverse measurement units in practice that are both
standard and non-standard, scientific and indigenous units (interna-
tional, old Indian and British units) and known to the students. In
most measurement practices (weight, length or volume), the under-
lying mathematical constructions remain implicit and disconnected
between practices.

Opaque Quantification, Fragmented Knowledge

Students’ familiarity with diverse measurement modes and instru-
ments do not necessarily translate into sound knowledge, rather the
knowledge remains fragmented and their understanding unclear.
Although most students were familiar with the measuring tapes, they
were unclear about the meaning and construction of the markings on
the tape. In some instances, even if the measurement is fully quanti-
fied, the quantification remains opaque, and the measurement remains
critically dependent on the integrity of the artefact. For example, as
we noticed, some plastic scales that students were using perhaps were
not marked with proper calibration. Understanding the construc-
tion behind a measuring scale, its meanings, and inter-connections
between the different markings was not required. What has become
important now in the school curriculum is to learn to use the scale
and be able to measure a length. However, in this study we came
across students (viz., U23, E6) who did not know the connection
between inch and cm but still had a fair estimation of how much
distance both signify. Archaeology of concepts can connect such skills
for better learning.

In everyday contexts, ways of quantification are diverse. It is
important to make sense of the quantified attributes. We argue that
by drawing on students’ familiarity with the range of objects and attri-
butes that are quantified, students can explore questions such as what
is common and what is different in how we quantify different attri-
butes? How is an abstract attribute like monetary (exchange) value
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quantified? How do we quantify different aspects of labour such as
time, effort and expertise? Such questions are important to build a
holistic understanding of the measurement concept that students get
to handle in different domains of their lives and in different manner.

Implications for Classroom Learning

We argue that archaeological exploration resists the processes of
demathematization as well and stresses on the comprehension of the
hidden underlying concepts. Such explorations therefore have strong
potential to become effective pedagogic modes. Generalised forms of
knowledge are neither about abstraction without the concrete content,
nor is it about mere induction from a number of instances. Rather,
generalisation is all about arriving at or holding an idea or a construct
that can illuminate and be applicable in diverse instances. Valuing
generalizability as an outcome of school learning in fact places
greater importance to the diversity of out-of-school experiences, for
such diversity actually creates contexts for school learning. From this
standpoint, we understand that mathematical aspects are present in
the work-contexts as hybridized and opaque embeddings and it would
not be correct to look at such practices as reflecting mathematical
thinking and understanding. At the same time, we argue that it would
be fallicious to look for elements of school learning in a particular
work-context or to expect school mathematics to illuminate such
similar practices. We claim that formal mathematical learning can
illuminate the diversity of practices as a whole and strengthen the
understanding, not the practice.

A second aspect of out-of-school knowledge that makes for
potentially powerful connections with school learning is the fact that
artefacts and practices from everyday settings represent a sedimented
and embodied form of mathematics. The measuring tape embod-
ies the processes of unit construction, unit iteration and counting
and partitioning of units into sub-units. These processes are how-
ever hidden from view and are opaque. The redundant inclusion of
a second system of units in the form of inches and feet on the mea-
suring tape incorporates a part of historical reality, and highlights the
arbitrariness of the choice of the basic unit of length. The purpose of
such embodiment is precisely to make the mathematical thought and
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processes behind the construction of the measuring scale unneces-
sary, and to reduce the practice of measurement to the simple act of
reading off the scale. As long as we treat the learning of measurement
as merely the learning of a skill, unpacking the mathematical ideas
that are embodied in artefacts will remain unnecessary. However, if
we view the learning of measurement as conceptual understanding,
then such material artefacts present an opportunity for unpacking
the mathematical constructions sedimented in them (Subramaniam,
2012). Such “archaeology” may have an important place in provid-
ing opportunities to learn powerful mathematics that illuminates the
diverse aspects of everyday experience. An approach to the teach-
ing and learning of measurement that aims to connect out-of-school
knowledge with school learning will hence need to draw on the
implicit as well as the explicit conceptual constructions that underlie
measurement experiences in the real world.
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Education for Whom? Word Problems as
Carriers of Cultural Values

Anita Bright, Ph.D.
Portland State University

Is the mathematics presented in textbooks, trade books and standardized
tests neutral? Drawing from critical theory and feminist epistemologies,
the purpose of this research is to examine mathematics curricular material
through two questions: “What is valued?” and “Knowledge for whom?”
Findings indicate that mathematics texts contain multiple examples of
problems that reify hegemony, the exploitation of people and a marked
disregard for the environment. ‘Ihis paper includes ways mathematics
educators can reconceptualize mathematics texts as inextricably linked
to cultural reproduction and furthermore, to use these insights to build
ways that mathematics educators can disrupt the current narratives and
replace them with more equitable, inclusive, sustainable, and critical
perspectives.

Introduction

Is the mathematics presented in textbooks, trade books and standard-
ized tests neutral? For many K-12 educators, the answer is obvious:
Of course; it’s just numbers, and mathematics texts (textbooks, cur-
ricular materials and standardized assessments) are totally objective.
However, what this knee-jerk response may fail to consider is the rich
complexity and contextualization that mathematics texts carry (Bright
& Wong, 2009; Gutstein, 2006; Boaler, 2009; Moses & Cobb, 2001).
Although it’s entirely possible that the contexts presented in math-
ematics texts are purposefully selected to convey a particular frame,
I posit that the field of mathematics educational materials is simply
part of a more insidious, unproblematized facet of institutionalized
hegemonic educational practices. Speaking to this possibility (if not
probability), Greer and Mukhopadhyay (2012) state, “mathematics and
mathematics education are implicated in various forms of interper-
sonal dominance and in ideological struggles” (p. 229).
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With the exception of vanguard educators like Greer &
Mukhopadhyay (2012), Gutstein (2006), Boaler (2009), and Ball,
Gofney & Bass (2005), few researchers have focused on mathematics
as a carrier or transmitter of hegemony. Framed around the ques-
tions, “What is valued?” and “Knowledge for whom?” the purpose
of this research is to highlight the ways mathematics educators can
conceptualize mathematics texts as inextricably linked to cultural
reproduction (Bourdieu, 1986), and use these insights to build ways to
disrupt the current narratives of inequity and the privileging of partic-
ularly narrow perspectives in mathematics education and replace them
with more equitable, inclusive and critical perspectives (Freire, 1982).

'The mathematics educators described in this research critically ana-
lyzed (Kubota, 2004) mathematics items —word problems—selected
from their classroom mathematics materials. They practiced uncov-
ering the ways mathematics education is decidedly not neutral, but
is instead politically and socially situated within a particular agenda.
Using these new perspectives to examine this corpus, the educators
were surprised to unearth hundreds of hegemonic examples. They
plan to use their new insights to actively disrupt the hegemonic nar-
ratives and, with their students, co-create counternarratives intended
to empower the learners.

Theoretical Framework

Informed by critical theory, this work “recognizes power—that seeks
in its analyses to plumb the archaeology of taken-for-granted per-
spectives to understand how unjust and oppressive social conditions
came to be reified as historical “givens” (Cannella & Lincoln, 2012,
p. 105). This term, “givens,” serves well in the context of this research,
as the use of this term in mathematics traditionally means “known.”
By employing critical theory, the intent of this work is to scratch
away at these givens—particularly the most insidious examples in
the canon of mathematics education— and cast light into what may
have been not only the intentions of the original authors in invoking
these givens, but also in recognizing that the most insidious forms
of hegemony are those that are so far below the surface they may be
considered unintentional by the authors. Further, this work seeks to
reframe these assumptions in ways that may be more emancipatory
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for all K-12 mathematics students in the U.S.—not just those already
enjoying various forms of privilege.

Building upon these ideas, this work also draws from feminist
epistemology, in that the situated-ness of the knowledge of mathe-
matics signals a masculinity that is often unnamed and unchallenged.
Invoking Anzaldua’s (2002) concept of the nepantlera, which she
describes as those who “facilitate passage between worlds” and who
engage in thinking that seeks to “question old ideas and beliefs,
acquire new perspectives, change worldviews, and shift from one
world to another” (p. 1), this work frames the work of participants as
active and agentic, questioning and challenging.

Methods

In an effort to provide an agentic opportunity for educators to begin
to conceptualize (and then re-formulate) mathematics texts through a
critical lens, this research is decidedly qualitative, and draws from the
lived experiences and perceptions of the participants. This research is
centered in the collaborative work of 58 graduate students (teachers
and future teachers) who agreed to participate in this exploration.
The participants were enrolled in one of 3 sections of a graduate
mathematics methods course for educators, which focused heavily
on a critical implementation of pedagogical content knowledge in
mathematics.

To this end, participants were invited to first participate in an inter-
active critical discourse analysis experience (described below), and
then identify three “problematic” examples of word problems from
their own mathematics materials and generate a written analysis of
each. Participants were then invited to participate in focus-group
discussions to both share their insights and deepen their own under-
standings by considering the findings and perspectives of other
participants. Finally, participants will take their word problems to
their students, and generate contexts and situations that maintain the
mathematics content while focusing on more socially just situations.
Grounded theory (Glaser & Strauss, 1967) was used to generate codes
and themes.

To begin, the participants took part in a collaborative analysis of
a mathematics text, a picture book titled, “The Dot and the Line:
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A Romance in Lower Mathematics” (Juster, 1963). The text, featur-
ing 3 non-human characters, is described as, “a supremely witty love
story with a twist that reveals profound truths about relationships—
both human and mathematical—sure to tickle lovers of all ages”
(Amazon.com, 2012).

Using Burbles’ (1986) work, “Tootle: A Parable of School and
Destiny” as a model for deconstructing this superficially inno-
cent-seeming children’s book, the participants were asked to consider
the following in relation to The Dot and the Line:

Where the text implicitly assumes certain social circumstances
that can be raised to question; where it colors certain conditions
with an evaluative shade, or makes outright judgments about
them; and where it distorts, misrepresents, or offers a partial,
incomplete version of social events, it can be subject to criticism
(Burbles, 1986, p. 240).

Working from this perspective, participants readily identified exam-
ples from the text of sexism, heterosexism and heteronormativity,
racism, violence against women, linguicism, and white privilege.
Building from this experience, participants were then asked to look
at their own curricular materials, either in their teaching or stu-
dent-teaching settings, and select 3 examples (of word problems)
to scrutinize using some of the same critical stances. Drawing from
what Burbles terms “ideology analysis” or “ideology critique,” students
were asked to engage in, “an attempt to hold a portrayal accountable
to social reality” (p. 240). They were asked to consider the following
questions as they crafted their critiques:
*  What is valued in this problem? Who has power?
*  What is not mentioned/ missing/ assumed in the problem?
*  What prior knowledge (aside from mathematics) is assumed
for this problem?
* Does this problem contain or promote “aspirational” cultural
values?

After completion of the activity, participants engaged in focus
group discussions to both provide commentary on the process and
also to discuss insights gained during their analyses of their chosen
problems. Information from these focus groups, along with the writ-
ten analyses of textbook items, were included in this research. Finally,
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participants shared these examples with their students and collabora-
tively generated more appropriate, socially just scenarios.

Findings

One of the most common themes that emerged in the examples
participants identified in the mathematics examples was that of con-
sumerism and acquisitiveness. Dozens of problems were identified
that focused on purchasing items, with the stated goal often being
to acquire the maximum quantity for minimum cost. The problems
were usually rooted in the perspective of the consumer, serving to
normalize and routinize the act of shopping, reinforcing the ideals
of capitalism and framing the readers / students as buyers. Here’s an
example from Saxon Math Course 2 (Hake, 2007):

Sasha had s500.00. She purchased four shirts that cost a total
of $134.00. If each shirt cost the same amount, what is the cost
of one shirt?

Another example is found in an extended activity called “Hawaiian
Dream Vacation,” found in the blackline masters for Bridges in
Mathematics, 2 (Snider and Burk, 1999), which includes the following
squares on a game board for second grade students:

You call home: $8. You check into your condo: s155. You buy a
camera: $35. Charter a plane back to Oahu: $78. You rent a beach
umbrella for the day: $35.

Some of the other items commonly featured in “buying” problems
included laptops, televisions, jackets, cars, bicycles, and occasionally
mildly baffling, no-picture-included things like a problem about a
“snowskate.” “A boy asked me what it was, and I had to go Google it,”
explained one of the participants.

Related to this, participants also identified dozens of examples
promoting middle- and upper-middle-class values as highlighted in
consumative acts. These examples (typically with a stated focus on
calculating area and/ or perimeter) centered on re-carpeting, re-til-
ing, or re-painting rooms, walls, or other surfaces. A typical 5th grade
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problem, found in on the website for Everyday Mathematics, (The
Center for Elementary Mathematics and Science Education, 2015),
reads:

Regina wants to cover one wall of her room with wallpaper. The

wall is 9 feet high and 15 feet wide. There is a doorway in the

wall that is 3 feet wide and 7 feet tall. How many square feet of
wallpaper will she need to buy?

Another example is found in Glencoe Pre-Algebra (Malloy, 2003):

Ashley is going to retile a part of a wall in her shower... The
area of the square section to be retiled is 36 square feet. If each
square tiles covers an area of .25 square feet, how many ...tiles
will she need?

What participants found troubling about this was the ways in which
“re-anything” implies a disdain for not only an environmentalist ori-
entation, but also the idea that it is framed as normal to keep up with
current fashion in home decor. Participants also took issue with what
they interpreted as classist ideals, in that those who elect to re-work
parts of their homes are typically homeowners and not renters, and
have the disposable income to support decorative projects. One par-
ticipant explained her thinking on this, stating, “These problems tell
me that it’s “normal” to be a homeowner, and...I am expected to be
constantly striving to “improve” my space in ways that cost money.”

The other most commonly identified themes that participants
found included middle and upper middle class examples of leisure
activities. Common examples include problems like this one from Big
Ideas Math (Boswell & Larson, 2010):

It costs s175 to rent a jet ski for 2 hours. It costs $300 to rent a jet
ski for 4 hours. Write an equation that represents the cost y (in
dollars) of renting a jet ski for x hours.

Here’s another example from Primary Mathematics Textbook: Standards
Edition, 26 (Cavendish, 2009):

David’s swimming lesson started at 9:10 a.m. and ended at 9:50
a.m. how long was the swimming lesson?
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Perhaps most worrisome are the examples that emphasized get-
ting “cheap labor” and calculating ways to pay “the help” as little as
possible. Here’s an example from a school-endorsed website, math-
helpforum.com (2009):

An orange grower in California hires migrant workers to pick
oranges during the season. He has 12 employees, and each can
pick 400 oranges per hour. He has discovered that if he adds
more workers, the production per worker decreases due to lack
of supervision. When x new workers (above the 12) are hired,
each worker picks 400 — 2x* oranges per hour.

'The layered status-orientations in this problem may be seen as insult-
ing and painful, while also reinforcing damaging stereotypes, framing
migrant workers as being in need of supervision to work effectively.

Upon scrutiny, it’s relatively easy to identify problems that, without
naming it, seem to hint at race or racialized ways of knowing and
being. One common example is illustrated in problems that focus on
meals, like this one from Algebra 1 (Larson, 2010):

You want to plan a nutritious breakfast. It should supply at least
500 calories or more. Be sure your choices would provide a rea-
sonable breakfast.

Table 1

BREAKFAST FOOD CALORIES
Plain bagel 195

Cereal, 1 cup 102

Apple Juice, 1 glass 123

Tomato Juice, 1glass M

Egg 75

Milk, 1 cup 150

First, the way the problem is worded indicates that breakfast con-
sists of options, and that the reader has a choice in what to select for
the meal. While this is true for some students, there are also many
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students who receive free or reduced price meals at school, and have
no choice in what they are served. Although this breakfast is typical of
what might be eaten in some U.S. households, is it common for people
to have 3 different drinks at the same meal? It was noted that few of
the options seem to be whole foods (except perhaps the egg or maybe
the cereal), with the emphasis being instead on processed foods.

Additionally, what’s emphasized in this problem is not the nutri-
tional content, but rather, the calories associated with each food. The
instructions, using the words “nutritious” and “reasonable” seem to
assume some collective, baseline agreements of what these terms
might actually mean in practice.

Finally, the inclusion of milk (assumed to be cow’s milk) on this list
of options for a “nutritious” breakfast fails to recognize the fact that
the majority of people on the planet (~60%) are lactose intolerant, and
it is primarily white folks (people of European descent) who are able
to digest cow’s milk (Itan, Jones, Ingram, Swallow, & Thomas, 2010).

Although most participants described experiencing a series of
epiphanies around issues of social justice education and the subtle
ways hegemonic thinking can creep into mathematics problems, as
the result of their participation in this project, a handful of partici-
pants (4) instead had a different reaction that ranged from indifference
to strenuous defense of the entire canon of mathematics problems
discussed. One wrote, “I am inherently skeptical of reading values,
**cultural aspirations”, and power dynamics into everything. In par-
ticular, I think most math textbook problems are made with little or
no thought, and with the attempt to make it “relevant to students”.”
Drawing heavily from the work of Lockhart’s (2009) generalized cri-
tique of “word problems” in mathematics, this participant went on to
state, “I think to have borderline paranoia about how we as teachers
are somehow perpetuating an oppressive system by assigning word
problems that may involve a male carpenter instead of a female one
is fairly ridiculous.” So although the majority of participants in the
research gained new insights into how mathematics educational mate-
rials may perpetuate worldviews and norms that may be damaging,
insulting or otherwise excluding to some students, a few participants
found that engaging in this research reinforced further solidified their
complicity with or perhaps indifference to hegemonic thinking.

The next steps in this project involved the participants taking their
selected mathematics problems back to their K-12 students for the
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purpose of re-working, re-framing, or re-conceptualizing their chosen
problems into examples that will more accurately suit the beliefs and
ideals that will best serve the students themselves. Gutstein (2007)
advocates for this form of co-construction of new meanings with stu-
dents, stating, “While we cannot always directly or immediately affect
macro political and economic structures, although that is an essential
part of creating a more just society, we do have agency ourselves” (p.

438).

Discussion

As the literature on the ways current mathematics discourses may
serve hegemonic ideals is only newly emerging, this work is significant
in that it identifies an engaging and accessible means for educators to
deepen their critical perspectives and undertake agentic activities that
work against hegemonic patterns of discourse in schools. By locating
social justice work in the critical analysis and purposeful re-shaping of
mathematics contexts, this work broadens the field of opportunity for
creating a more democratic and critical liberatory pedagogy (Freire,
1982; Frankenstein, 2009). The initial findings from this research sug-
gest that given a supportive and collaborative forum, educators may be
equipped to challenge the oft-replayed examples used in mathematics
education and craft new and more socially just substitutes.

In exploring how engaging in this activity changed the thinking
and professional practices of participants, several themes emerged.
Initially, many participants expressed a sense of disappointment or
shame at never noticing the preponderance of “troubling” math prob-
lems before. Once beyond this initial wave of guilt, some participants
expressed outrage aimed in two directions: first, outrage directed at
their own teachers for never identifying or challenging the hegemonic
examples in textbooks and problems, and second, outrage directed
at the authors, editors and publishers of the materials. However,
most participants recognized that understanding of hegemony and
the insidiousness of cultural reproduction is not part of the common
conversation in mathematics education— if anything, it’s avoided.
Pennycook (2006) explains, “Any model of relation between language
and society will only be as good as one’s understanding of society” (p.
117). For authors, editors and publishers who have never been asked
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to consider their work through the lenses offered in this paper, the
problems identified as classist, sexist, heterosexist, racist, xenophobic
or consumerism-oriented seem only natural. So where do we go from
here, if anywhere?

First, and perhaps most obviously, I believe that as educators, we
should strongly consider broadening our lenses to consider how dif-
ferent kinds of frames (mathematics contexts) may be interpreted and
experienced by our students. What seems normal or neutral to me
may be foreign, uncomfortable or even offensive to my students. But
of course, this raises the concern with meeting the needs of all learn-
ers—how might I possibly account for and incorporate the range of
conflicting and possibly confusing perspectives shared by my students?
At root, I posit that the solution to this is to know one’s students, and
to create a classroom climate wherein challenging the status quo is
accepted, normalized and encouraged. Educators can create classroom
climates wherein it’s normal f