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Abstract

This paper presents a characterization of culturatenarios that are devoid of Aristotelian
influence and whose argumentations differ from theoriginated in Greece. In these cultures,
mathematical concepts such as the zero and infinitwhose scientific acceptance and treatment
required various centuries in Western culture - veeladdressed and elaborated. The cultural
construction nature of forms of argumentation is ielenced, as well as the possibility of
constructing mathematical concepts on the basisotlier forms of thought. Additionally, certain
forms of argumentation are detected in the mathematclassroom which are incorrect from the
viewpoint of Aristotelian logic, and which are néiér learned nor elaborated in scholastic
scenarios.

Our Aristotelian-based culture has constructed spec forms of argumentation. The
socioepistemological approach used in this reseaatlows us to propose the need to pay attention
to the non-classical forms of argumentation thatise in the classroom, and analyze how they
could contribute to the construction of scholar niematical concepts.
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1 INTRODUCTION

With the aim of understanding the socio-culturaiun@ of mathematical argumentations, in the presesgarch we
seek to display them as a result of the actions given community within a given socio-cultural sago (Crespo
Crespo, 2005, 2007a, 2007b; Crespo Crespo & Fa2ffif, Crespo Crespo, Farfan & Lezama, 2010). Qlture has
Aristotelian foundations and has constructed foomargumentation that are based on this logic ahithwhave been
considered for centuries to be typical of humanugid. However, on occasion certain situations ansdhe

mathematics classroom that reveal the quality aheraatical argumentation as a social constructidrich in our

opinion should be taken into account in scholas@éthematical discourse.

Ever since Aristotle systematized logical argumimits through the laws of classical logic, thesesldave
been identified as the laws of human thought aedldlvs that govern scientific developments and @8 These
laws, which have been considered indisputable dotwries, have governed the paths of Western didetought. If
they truly were typical of human reasoning, thegudtli have been present in every culture and epblehy should
have been enunciated and accepted in differenbsmtiural scenarios and, therefore, scientific elepments in
every culture should be governed by them. Howeasrstems from the descriptions presented below,dici not
happen. Certain socio-cultural scenarios gave irtaxpressions of logic that do not accept Araltah principles
such as the principle of non-contradiction andghaciple of the third excluded, and their formstiodught were not
based on these principles. Evidently, these soltigali scenarios did not give rise to argumentaisnch as the
reduction to the absurd that are strongly rootettiénAristotelian principles referred to.

2 CULTURESDEVOID OF ARISTOTELIAN INFLUENCE: THEIR LOGICAL THOUGHT AND SOME
MATHEMATICAL CONCEPTS

In our present society it is difficult to imaginayaform of scientific progress detached from thmgples of
logic identified by the Greeks, since our form ofesitific thought has been constructed on thosadations. Some
civilizations, however, did not have the same basekyet were able to build mathematical conceptsmanner that
differs from that of Western science. Below are s@ramples of this, which focus mainly on civilizas in which
two concepts emerged whose construction in the Wastarduous: the zero and infinity.

Mathematics is now understood as a kind of cultkra@iwledge, “which all cultures generate, but whigted
not necessary ‘look’ the same from one culturalgrto another” (Bishop, 1988, 180).

2.1 Ancient Egypt

Although the birthplace of philosophy is attributéal Greece, it is possible to identify pre-philobmal
characteristics in Ancient Egyptian thought, esplirelative to certain conceptions of the uniwerand
divinity. These are identified in the forms of thghi of priests, who theorized and acted as the sigpes and
transmitters of knowledge in that culture. Egyptiatigious thought was physical and metaphysicati gave
rise to ritual techniques and non-religious indtiares that lived on in ritual texts or propagandmed at
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ensuring the favorable progress of the Cosmos aadagteeing social and agricultural prosperity haitt the
explicit aim of encouraging personal reflectionr@a, 2002).

In the Ancient Empire, it was necessary to cooridirthe traditions that had arisen earlier, wherehsy
narrated the same phenomena using different imagedyGods took on different and contradicting iders.
From an Aristotelian stand, this would have ledrtooherencies and contradictions based on the iptee of
identity and non-contradiction. However, a polyntdgm of deities developed unhindered in Egypt, with
generating any inconsistencies or contradictiond, @nabling the construction of theoretical exptams suited
to the scientific conception of this scenario, anpassing the sacred and the profane facets alikes&zjuently,
it is possible to identify situations where non-tradiction was not necessary.

Egyptian culture left no traces of strict demontstirzgs of mathematical results or of logical arguta¢ions
that justify procedures presented in calculatiarhtéques. Mathematical development in this culteneals the
relationship between the material needs of a spartl the nature of the mathematics developed, without
displaying any interest in the generalization ostedction or systematical organization of knowledle its
scientific vision, an orderly sequence of stepeffered to explain and define, and verificatioratded by way
of conclusion that leads to a correct solutionhaf problem.

It has often been said that the concept of zermatme found in Ancient Egypt, however, certain
mathematical historians believe that a predecesistite zero concept lies in a symbol that was useexpress
the notions of beauty, completeness and perfeatioich appears in the buildings plans of templesages and
large buildings. These plans feature horizontadrflievel lines to guide the construction that syfiteground
level or zero level. Similarly, this symbol is @l®und in mathematical operations in the accogntacords of
the 13th. Dynasty of the Middle Kingdom when the@mts were balanced. These two uses of this syodrol
be understood to be associated with the zerona@raer of symbolizing equilibrium.

2.2 India

The oldest source of information on Indian thoutjtat survived to the present day are the Vedagriassof
works that span various literary periods and whicimtain part of the religious and popular poetrysent
during the Vedic period. These presented deitiaslrsonified the various forces of nature andewevered in
a monotheistic conception presented through sewdwdies. This current of Hindu thought gave birtfost
importantly to naturalism and two other schoolshmfught considered non-Vedic: Jainism and Buddhism.

By the llird. or IVth. Century b.C. a significantm@unt of heterogeneous philosophical material haehb
gathered in thetdras, whose function was to consolidate the doetdha specific school and criticize others
that were opposed to it. Naturalist logic generdgescience of trial as well as of discovefiriyanna, 1960,
p.52) and is carried out not through reasoning ratther through sensory perception. Naturalistieriehce
should not be confused with syllogistic forms, giritcinvolves a process of search as the sourkamiledge in
terms of the perception of signs and their possitéaning, rather than in terms of logical argumiota Nyaya
logic values rational speculation as the basis afoherent doctrine on knowledge. Although its basas
empirical, it generated a theory of rational reaisgribased on causality.

Jainism, one of the most ancient forms of non-Vaeigion in India, is characterized by the beliefthe
independent and eternal existence of spirit andemat“life” and “nonlife”. Knowledge or conscienég the essence
of the spirit, and empirical knowledge is one afibanifestations subject to the limitations of ingate nature; true
perceptions occur by intuition. Jainism was conedrwith the relationship between the rationalityl #ime coherence
of thought, based on logics of a reconciling natinat differed from Greek thought, which acceptéaglism and
skepticism (Ganeri, 2002).

The third stage of Indian philosophical thoughtresponds to Buddhism, which originated as a retigiod
later was forced to become a philosophy in ordeleiend its stand relative to the Hindu and Jaitals of thought.
In philosophical terms, Buddhism conceived thingsuiastable and changing, and viewed stability a#iusion or a
figment of the mind. Buddhists considered that mgthess and emptiness are not synonyms. They fieh®5
different types of emptiness (Ifrah, 1997), whictablished the basis for the concept of zero -afrtbe legacies of
India to the Western world. Nothingness and zeisedrom a philosophical rather than a mathemhtieav: as the
absence of something, as opposed to the result operation; as the cardinal of the empty set, visacharacterized
for containing no elements. Subsequently, it wdnddome a figure, like a number, like the represemaf an empty
place in a number.

Nevertheless, references to the zero as a figuneoti@ppear explicitly in the Vedas, nor does amydathat
identifies this concept. This happened later. Sumga the representation of nothingness, emptimespty space; an
empty, unoccupied place (de Mora & Jarocka, 2003)e relationship that arose during this period leetw
Nothingness and the Being, and the possibilityre# becoming the other, was notable. This diffeeztically from
the Greek stand and from the eastern conceptiontbfngness, as opposed to Greek philosophy.

The Jaina, for their part, became familiar with muical speculations using large figures, havingsifeed
numbers that comprised eighty and even one hurfiffecks as small. Concepts such as “impossibleotmnt” our
“countless”, “innumerable” and “impossible to fathbappeared and, finally, the concept of infinitfrgh, 1997).
The Jaina classified numbers as: numerable, inrateerand infinite. Numerable numbers could be: minns,
intermediates and maximums; the innumerable: almosterable, truly innumerable and innumerably inetable;
infinite numbers: almost infinite, truly infinitend infinitely infinite (de Mora & Jarocka, 2003)h& Jaina recognized
the zero and infinity as inverse concepts: dividingzero was equivalent to infinity. They definedinity as the
guantity that is not modified at all when finitembers are added to it or subtracted from it.

2.3 China

The primitive people of China adored and reveredftdrces of nature and also had a deeply-rooted@utheir
ancestors whose purpose was to maintain commuretwelen the present and the past. Religious aetvit
were dominated from the very beginning by the agipteon of the human world and the natural world -
mission entrusted to the sovereign by the heavawsraflected in their ritual books. In ancient teneghe
Chinese scenario was characterized by the ideahofutable institutions, with an impending conceon the
preservation of family, political and social ord&ymbols had a central part in the constructiothef mental
universe. Images were not considered as a merenz®@tof the objects they related to, but as somgtthiat
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involved the entire reality of the object, contaigiall of its strength and energy and expressealtitr language
and magic. As symbols, numbers played a specidlipeharmonious combinations, relationships, seges
and hierarchies that contributed to the universaén

Chinese mathematics found increasing applicatiomanous disciplines through calendars, topography,
chronology, architecture, meteorology, commerceg/npent of taxes, etc. It displayed a notable prefeeefor
concrete matters. Operations with represented ntsnbere carried out on a board where the absenedaith
potential on a number indicated a vacant hole enbthard, calledvu. That hole acted as a zero. Subsequently,
this hole began to be filled with a dot, and latéth a small circumference. Some historians cossithis
representation as indicative of Hindu mathematictilence, although others uphold the hypothesi€binese
influence in India and others still consider the two inventions were autonomous.

2.4 Pre-Columbian America

Centuries before the arrival of Christopher Columiu America, the American Continent featured arthas were
inhabited by a wide variety of peoples, many of chhiisplayed a high level of cultural developméfte have
received from them an admirable artistic legacywEeer, a significant portion of their knowledge vaestroyed as a
result of the clash between cultures that followesr discovery.

The Maya were one of the most ancient cultures esd4America. Their main gods were associated with
agriculture and climatic conditions. They conceivedn as a being that relied on the gods, who ddednde world.
The cultural creations of the Maya were based oeligious conception of the cosmos, which considdtat the
universe had been born from multi-faceted sacredtgies, aided by various natural beings that catisedsarious
stages of creation. With this cosmic conceptiotigigus activities were at the heart of the Maydtue. They
developed knowledge relating to construction, cimgntastronomical observation, painting and scufgtand also
carried out every-day activities such as agriceltand handicrafts based on this conception of dsenos. The Maya
numerical system is considered to be one of the pmmomical in terms of the number of symbolg iand the fact
that it allows figures that reach millions of unitsbe recorded using positional numeration. Thetion of the zero
in a number was used to identify the absence ofengrder of units which lacked its cardinal valiteso-American
cultures, such as the Maya and the Aztecs, disglayeommon feature with Indian culture in the cardton of
mathematical knowledge: the development of theonotihe symbol, the concept and the use of the kertbis case,
it referred to a tangible and concrete zero, typidacultures that had developed around the carelfiglervation of
nature and its concrete manifestations.

“A strong similarity can be seen between their cogision and the notion of zero. In the case of Meso
American cultures, the absence of good-bad-typleadienies significantly favored the establishmernthefnotion of
zero” (Cantoral, 2001, p. 64).

25 About certain features of non-Aristotelian thought

It must be admitted that Aristotelian logic did mmberge in scenarios such as the ones described.abtie Oriental
and American scenarios differed completely fronsththat emerged in cultures that received Aristotehfluence.

The principle of contradiction and the principletbé third excluded are not valid in these scesafterespo
Crespo, 2007a). Antinomies fail to intimidate norisotelian philosophies and additionally accep fact that
extremes complement each other and allow the emeegesvolution and development of certain matherahti
concepts whose appearance in the Western world n@ng centuries later and was strongly debated.

In Ancient China, philosophical ideas were based@existence and equilibrium. This provided a syiichb
foundation on which different types of numericalpopitions were constructed and additionally enabieel
emergence of mathematical objects such as the Zdre.symmetrical equilibrium that governs the @i paradigm
differs radically from classical Greek philosophyhe Greeks considered that it was impossible tfrggm being to
not-being, to change the gender or the nature afbgect, that no identifiable object could be fowordthe border of
being and not-being. Therefore, the zero with treseracteristics did not emerge in Greece. The Grviston of the
world and use of logic to unravel how it worked &@e an impediment for the genesis of certain madtieal
concepts, such as the zero and infinity. Theictstequirement for logical coherence and bivalepoevented the
natural construction of these mathematical con¢egstsoccurred in other cultures that did not rexzeivistotelian
influence.

However, as shown above, these cultures construetathematical concepts and even developed some
constructions that met resistance in the West anddcnot be approached or developed scientificaityil many
centuries later.

The presence of mathematical communities in veffgrdint scenarios indicates the existence of daffier
demonstration strategies suited to the accepteddaf argumentation in each case. This additioralllyws us
to understand the possibility of accepting soméheke strategies as valid while rejecting othecspaling to
the basic features of the scenarios in which theaerged. Argumentation is constructed within a stycie
Therefore, the socio-cultural scenario gives arguagon its intrinsic features - which vary fromeoscenario to
another - impregnating it with its thoughts andfslwhich flow from its epistemology.

3. STUDENTSAND NON-ARISTOTELIAN FORM S OF REASONING

What follows are two experiences that demonsttaethe forms of argumentation that arise in tlassioom are not
always based on Aristotelian logic, despite the fhat the latter is taught in classrooms as thendation of all
science (Crespo Crespo, 2007b).

3.1 Nyaya argumentationsin the classroom

Based on features of Nyaya logic - which arosenitid in opposition to Buddhism - Bruno D"Amore e an
experience consisting of examples taken from madiies classes taught to students aged 14 and A8hioh he
identifies certain types of argumentative behawuioat display similarity with Nyaya argumentativerustures
(D"Amore, 2005). These forms of argumentation agmmtaneously, without being elicited by the resger. From
our viewpoint, these results suggest that the étésian form of argumentation, which is generalgnsidered a
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natural strategy in the mathematics classroomoissa, but rather constitutes a socio-cultural troction which at
times appears artificial to students.

We have recreated the research conducted by D’Amalthough having changed the scenario and the
mathematical property that gives rise to the expenitation. The following enunciation was given teacher taking
part in a training course on geometry:

If the diagonal lines of a quadrilateral figure aperpendicular and intersect at their middle poitite figure is a
rhombus.

After reading the enunciation, the steps followad the reasoning made by the teacher were as fillafter drawing
a rhombus, naming its vertices and identifying ides of the quadrilateral as having equal lentith, teacher
participating in the course affirmed that she krikat the diagonals were perpendicular and that ititeysected at the
middle point, and stated that given this informatithe sides are alike and the figure is a rhonang since this is
true in the example analyzed, the figure is a rhasnbwhich was the initial situation. The propertaswvnot
demonstrated, however, the strategy followed bystiielent in the face of the problem posed is simtdathe one
reported by D’Amore. The strategy reveals the stagk Nyaya argumentation, which differs essentidfiym
deductive thought: affirmation of the unproven daosmn, of the cause ascribed to it in order fortatoccur,
enunciation of the general proposition of which tthesis is a particular case, identification of tiesis in a particular
case, general affirmation of the hypothesis oriappbn and, finally, reaffirmation of the thesigus, the property is
assumed as a hypothesis and used in the reasdlordpubt, if the correction of the reasoning islgred, it will be
inferred that it is incorrect. However, the teacthdio was taking the course and who made this réagoaffirmed
that she had tested the proposition, althoughmat formal manner. She was aware that her reasovodd not be
accepted from a mathematical viewpoint, howeverasioepted it as a form of testing the property oA-Aristotelian
argumentation strategy had come into play, whicrertbeless satisfied its author.

3.2 Resistanceto deductive argumentation

Another case that we detected shows that on octasialents prefer to apply non-deductive formseafsoning,
despite their knowledge of the deductive formsredrin class. This activity was presented to sttedemring a
written evaluation, requesting them to establistetiver or not a form of reasoning based on the logigredicates
was valid by using Venn diagrams. This type of eiser had been solved in class on various occasiitis,the
subsequent discussion of the resolution and itgipagion.

One of the students proposed a variation of thalidity test that is used in propositional logi@-method that
is not applicable to the logic of predicates du¢he presence of quantifiers. In her resolutiois student previously
eliminated the quantifiers and applied a direct, tedich is incorrect from the viewpoint of Aristdian logic. We
enquired why she had not used the requested matidhy she preferred the one described, takirgaotount that
in the previous class she had demonstrated hetyaioilperform the expected analysis. In order laify ideas, we
resorted to an interview with the student, duringioh we confirmed that she not only possessed #pected
knowledge but additionally defended the resoluste had carried out following the method of abdurctiShe had
not taken into consideration the importance offtheres of analysis, rejected indirect argumentetiand showed a
clear preference for direct methods, even when trerg not deductive.

4. COMMENTS

This article presents situations through whichghaciples of logic that for centuries have beesniified as the laws
of human thought can in actual fact be seen a®<ndiural constructions. On the one hand, it iglent that these
principles are not present in every socio-cultw@nario and, furthermore, cultures in which tha mbt emerge
were able to construct certain mathematical coscefitose characteristics differ from those that stemtm Greek-
based mathematics.

This paper presents examples of forms of argunientttiat are present in the mathematics classrobithado
not have Aristotelian characteristics. Therefone, tivo forms of argumentation differ in terms ofawithey require in
order to be considered valid.

The first case presented deals with a structurargfimentation that relates to those used in Indiing the
Vedic period. Although it cannot be presumed thHet person that used this form of reasoning hadiquev
knowledge of it, it presents forms of argumentatioat are devoid of Aristotelian influence and whioevertheless,
generate conviction among students. The other eleapmpsented shows how the response and explasgtionided
by a student reveal that although the latter ithtisesponded to a problem posed within an acadesoémario by
providing a resolution that did not involve arguntaions from Aristotelian logic, in a subsequerteimiew, the
student demonstrated her knowledge of the lat&rrdticence to apply them in certain cases anapi@ion that the
arguments she applied were better than these.

These examples strengthen the hypothesis thatcas@dtural constructions, forms of argumentatame not
innate but have been constructed over time andtibatesthe foundation of the demonstrative socialctices that
characterize the mathematical community. It is entdhat our form of argumentation and our mathasdiave been
constructed within a culture with a strong Aristiae foundation; consequently, this type of logcpresumed to be
innate. However, although in this paper we onlyehamalyzed two examples of positions relative tbage forms of
argumentation that exist in the classroom, thesenat isolated examples; they present opinionswesatave detected
frequently in our classrooms and that we consiésetve careful analysis.

The difficulties that arise when conducting mathtoad demonstrations in the classroom are often tdua
failure to detect the existence of these types rgummentation and their characteristics, assumingstdtelian
reasoning as natural. As socio-cultural construstidhe forms of argumentation used in mathemdtage not
remained static in time. In our opinion, the conmemesion of this socio-cultural nature of argumeotat and of
demonstrations as social practices will contriliotgenerate an increased perception of forms afraegtation in the
classroom.

In order for students to comprehend the need fothemaatical argumentation and, furthermore, for the
demonstration of mathematical properties, it iee8al for them to construct the significance ajuanentation. This
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significance should be transmitted through theitgbdf teachers to adopt mathematical demonstragisra social
practice. In our opinion, this will enable studetdsunderstand the importance of argumentationjustifying and
granting validity to mathematical properties. Theeeptance of this significance will imply the ackiedgment of
the socio-cultural construction status of argunigoa.

REFERENCES

[1] Bishop, A., 1988, “Mathematics education in itstardl context”. Elucational Studies in Mathematits,
pp.179-191.

[2] Cantoral, R., 2001, “Sobre la articulacion del diso matematico escolar y sus efectos didacticoatia
Latinoamericana de Matematica Educativa &4,Beitia, (ed.), México: Iberoamericana, pp.64-75.

[3] Crespo Crespo, C., 2005El" papel de las argumentaciones matematicas eniseluso escolar. La
estrategia de deduccidn por reduccién al absurdibésis de Maestria no publicada, CICATA del IPNgxido.

[4] Crespo Crespo, C., 20074,d5 argumentaciones matematicas desde la visida decioepistemologia”.
Tesis de Doctorado no publicada. CICATA. IPN, Méxic

[5] Crespo Crespo, C., 2007b, “Los estudiantes anted®mde argumentar aristotélicas y no aristotélidas.
estudio de casosRevista Electronica de Investigacion en Cien@d4), pp.84-100.

[6] Crespo Crespo, C., Farfan, R. M., 2005, “Una vigi@nlas argumentaciones por reduccion al absurdo
como construccion socioculturaRelime8 (3), pp.287-317.

[7] Crespo Crespo, C., Farfan, R. y Lezama, J., 20d@umentaciones y demostraciones: una vision de la

influencia de los escenarios socioculturalé®yista Latinoamericana de Investigacion en Matera&Educativa 13
(3), pp- 129-158.

[8] D’Amore, B., 2005, “La argumentacion matematicagédenes alumnos y la I6gica hindu (nyaydyNO.
38, pp.83-99.
[9] de Mora, J. M., Jarocka, M. L., 2008puntes para una historia de las matematicas yoastmia en la
India Antigua.México: Universidad Nacional Autbnoma de México.
[10] Ganeri, J., 2002, “Jaina logic and the philosodhiesis of pluralism”History and philosophy of logic,
23, pp. 267-281.
[11] Hiriyanna, M., 1960Introduccion a la filosofia de la Indi®uenos Aires: Editorial Sudamericana.
[12] Ifrah, G., 1997Historia de las cifrasMadrid: Espasa.
[13] Parain, B., 200Z| pensamiento prefiloséfico y orientdliéxico: Siglo XXI.

13



