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Let us have a look at the l ist :  
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Diversifications may be observed at least from 

the following angles: 



1.  Differences in procedures :  



 



 In 1974, the American Mathematical Society sponsored a meeting to 

evaluate and to explore the consequences of Hilbert problems. One of the 

interesting implications of the Congress was that a new list of mathematical 

problems was proposed. According to Felix Browder, the editor of the 

proceedings, this list was initiated by Jean Dieudonnne through 

correspondence with mathematicians through out the world. The first problem 

of this new list deals with the foundations of mathematics which was 

mentioned by Manin as  

  

 “We need a creative approach not just a critical one.” 

and 

  

 “We should consider possibilities of developing a totally new language to 

speak about infinity.” 

 



1.  Differences in procedures :  



2.  Di f ferences  in  the  under ly ing  ax ioms  
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3.  Di f ferences  in  the  under ly ing  log ics  
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4.  (other)  D i f ferences  in  the  foundat ions :  
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5.  Differences in interpretations  
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6 .  D i f f e r ences  due  to  cu l tu r e ,  t ime  and  h i s to r y      

    o f  deve lopmen t  o f  ma thema t i c s :  





The question… 

 If there exist cognitive differences in ways people across cultures, form their 

world-view , then will the development of mathematics (across cultures and 

even across social groups) be the same? 

 If the initial development of mathematics is motivated from the needs and 

functions of a society, then can mathematics grow in isolation, without any 

impact from the socio-cultural aspects of the community? 

Alan Bishop, ‘Western Mathematics: the secret of cultural imperialism’, 1990, p. 53 

“… it is now possible to put forward the thesis that all cultures have generated mathematical 

ideas, just as all cultures have generated language, religion, morals, customs and kinship 

systems. Mathematics is now starting to be understood as a pan-cultural phenomenon.” 



Cognitive Differences: 

 Various empirical studies across different kinds of subject groups 

(inter-culture, intra-culture, inter-society) have revealed the presence 

of cognitive differences in terms of: 

i. (a) How they categorise the world 

 (b) How and to what extent can they perform abstraction  

 from the external world 

ii. Shape (geometric) Perception 

iii. Deduction and Inference 

iv. Reasoning and Problem Solving 



1. Patterns of Categorisation in Illiterate Population 

(Alexander Luria) 

2. Patterns of Categorisation amongst Americans 

and East-Asians (Nisbett, et al) 

Categorisation and Abstraction 



Studies by Alexander Luria: 

 Luria’s general purpose was to show the socio-historical roots of all basic 

cognitive processes; the structure of thought depends upon the structure 

of the dominant types of activity in different cultures. 

 

 His studies with literate and semi-literate groups within a particular 

society indicated cognitive differences. 



Mode of Categorisation: 

Rakmat (39, illiterate peasant):  

Shown drawings of: hammer   -   saw   -   log   -   hatchet 

Subject: “They are all alike. I think all of them have to be here. See, if you’re going to saw, 

you need a saw, and if you have to split something you need a hatchet. So they are all 

needed here.” 

Experimenter: Look, here you have three adults and one child. Now clearly the child does not 

belong in this group. 

Subject: “Oh, the boy must stay with the others! All three of them are working, you see, and if 

they have to keep running to fetch things, they’ll never get a job done, but the boy can do the 

running for them… The boy will learn; that will be better, then they’ll be able to work well 

together.” 

Experimenter: Look, here you have three wheels and a pair of pliers. Surely the pliers and 

the wheels aren’t alike in any way, are they? 

Subject: “No, they all fit together. I know that the pliers do not look like the wheels, but you 

will need them if you have to tighten something in the wheels.” 



 Suc h  s t ud ied  revea led  a  tendency  to  ca tegor i s e  

ob jec t s  i n  a  ho l i s t i c  manne r,  whe re  s i t ua t i on s  a re  

c rea ted  i n  wh i c h  d i f f e ren t  ob je c t s  can  co -ex i s t  

and  co - f u n c t i on  a s  a  g roup.  

 

 However,  t h i s  t endency  was  no t  obse r ved  among  

peop le  f rom t he  same  so c i e ty  exposed  to  s ome  

l eve l  o f  educa t i on .  



Studies by Nisbett et al. 

 Nisbett et al. studied cross-cultural groups (Americans and East-Asians comprising 

Chinese, Japanese and Koreans). They observed that the following differences 

between Greek and Chinese cultures regarding: 

(a) World-View: 

G: Individualistic / Agent Centric / Discrete 

C: Holistic / Harmony / Collective Agency 

(b) Categorisation: 

G: Essential Feature Abstraction necessary for categorising objects and events 

of the world 

C: The concern with abstraction characteristic of ancient Greek philosophy has 

no counterpart in Chinese philosophy. 

(c) Science and Mathematics: 

G: Non-tolerance of Contradiction / Logic 

C: Tolerance of Contradiction / Dialectism 

 



Mode of Categorisation: 

 Based on historical evidence for cognitive differences and Nisbett’s 

theory about the social origins of them, Westerners would: 

 have a greater tendency to categorise objects than would Easterners; 

 find it easier to learn new categories by applying rules about 

properties to particular cases; 

 make more inductive use of categories, i.e. generalise from particular 

instances of a category to other instances or to the category as a 

whole. 



Results: Study 1 

Participants were presented with sets of 3 words and asked them to 

indicate which 2 of the 3 were most closely related :-  

e.g. panda – monkey – banana 

American Participants: Displayed a marked preference for grouping 

  on the basis of common category membership. Panda 

  and monkey fit into the animal category. 

 

Chinese Participants: Displayed a marked preference for grouping  

  on the basis of thematic relationships (banana and  

  monkey) and justified their answers in terms of  

  relationships – Monkeys eat bananas. 



Study 2: 

Koreans: The target object 

was similar to Group 1 

(family resemblance). 

 

European Americans: The 

target object was similar to 

Group 2.  (A rule that allows 

the object to belong to Group 

2, i.e. the object “has a 

straight stem (as opposed to 

a curved one)”. 



“If the natural way of organizing the world for Westerners 

is to do in terms of categories and the rules that define 

them, then we might expect that Westerners’ perceptions of 

similarity between objects would be heavily influenced by 

the degree to which the objects can be categorized by 

applying a set of rules. But if the categories are less salient 

to East Asians, then we might expect that their perceptions 

of similarity would be based more on the family 

resemblance among objects.” 

- Richard E. Nisbett (The Geography of Thought: How Asians and Westerners Think 

Differently… and Why, 2003, p.142) 

 



1. Of illiterate, peasant group of Central Asia 

(Alexander Luria) 

2. Of Kpelle farmers in West Africa (Cole et.al) 

Deduction and Inference 



The questions… 

 Are the logical schemas invariant at different stages of social and 

historical development? 

 

 Do people have the same form in productive thinking processes in 

different cultures? 

 

 Are people equally engaged in concrete thinking processes in 

successive phases of cultural development? 

 

 What exactly is the structure of derivational and inferential 

processes among people whose life rests upon concrete practical 

activity?  



“A person capable of abstract thought reflects the external world more 

profoundly and completely and makes conclusions and inferences from 

perceived phenomena on the basis not only of his personal experience but 

also of schemes of logical thinking that objectively take shape in a fairly 

advanced stage of development of cognitive activity.” 

  

“The appearance of verbal and logical codes enabling one to abstract the 

essential features of objects and thus assign these objects to general 

categories leads to the formation of a more complex logical apparatus. This 

apparatus permits conclusions to be drawn from given premises without 

having to resort to immediate graphic-functional experience, and make it 

possible to acquire new knowledge in a discursive and verbal-logical 

fashion.” 

- Luria, Cognitive Development: Its Cultural and Social Foundations, 1976. 



Luria: 

 Luria (1976) was interested in the effect of literacy on the cognitive 

capacities of individuals. He experimented with syllogistic problems of the 

form: 

All A are B 

A certain x is an A 

Is this certain x a B? (or a WH-question, such as “What about 
this certain x?) 

 

 The problem that was given to the subjects: 

In the Far North, where there is snow, all bears are white. 

Novaya Zemlya is in the Far North. 

What colours are bear there? 

 



Response: 

S: I don’t know what colour the bears are there, I never saw them. 

E: But what do you think? 

S: Once I saw a bear in a museum, that’s all. 

E: But on the basis of what I said, what colour do you think the bears are 

there? 

S: Either one-coloured or two-coloured … [ponders for a long time]. To judge 

from the place, they should be white. You say that there is a lot of snow 

there, but we have never been there! 

Subject: Khamark, age: 40, miller from a remote village, illiterate 



Results: 

Cotton can only grow where it is hot and dry.  

In England it is cold and damp.  

Can cotton be grown there? 

 

Abdurakhm, age: 37, illiterate, responded: 

 

S: I’ve only been in Kashgar country; I don’t know beyond that. 

E: But on the basis of what I said to you, can cotton be grown there? 

S: If the land is good, cotton will grow there, but if it is damp and poor, it 

won’t grow. If it’s like the Kashgar country, it will grow there too. If the soil is 

loose, it can grow there too, of course. 

 



Cole at al: 

All Kpelle men are rice farmers,  

 Mr. Smith is not a rice farmer,  

 Is he a Kpelle man? 

 

S: I don’t know the man in person. I have not laid eyes on the man himself. 

E: Just think about the statement. 

S: If I know him in person, I can answer that question, but since I do not know 

him in person I cannot answer that question. 

 



Observations: 

 There is a reluctance to draw any conclusion about things that are 

beyond personal experience. 

 

 They do not think that the premises gives information which can be 

used to answer the question. 

 

 However, people with some level of education did not have the 

problem of answering the question based upon the information 

that is given in the premises. 

 



Indian Mathematical Scenario 



Some Indian Mathematics: 

Aryabhat (476-550) 

Value of  : (100+4)x8 + 62000 

  20000 

    = 3.1416 (approx) 

Arithmetic 

Solution of diophantine equations of the 

form ax - by = c 

Trigonometry 

 

Barahmihir (505-587) 

Astronomy/ Astrology 

Trigonometry/ Spherical trigonometry 

 

 

  

Brahmagupta (628-670) 

Considered 0 as a number 

He took  0/0  = 0 

Algebraic equations 

   Nx2  C = y2  (Pell equation) 

Geometry 

Trigonometry :   a   =   b    =   c 

          SinA     SinB      SinC 

Astronomy 

Shridharacharya (870-930) 

Quadratic equation  ax2 + bx = c 

 

 

 



Some markable features of Indian Mathematics 

 Written in Sanskrit verse until the first century A.D. 

For example: 

 

 

 

 

 

Translation: 

4 more than 100, multiplied by 8, and added to 62,000: this is the 

approximate [asanna] measure of the circumference of a circle whose 

diameter is 20,000. 

 

C. K. Raju (2007), Cultural Foundations of Mathematics: The Nature of Mathematical 

Proof and the Transmission of the Calculus from India to Europe in the 16th c. CE.  

 



Some markable features of Indian Mathematics 

 Not formalised, algorithmic in nature.  

 

“The methods of calculation were regarded as valuable, not the proofs by 

themselves – there was no pretence that rationale provided any kind of 

absolute certainty or necessary truth. Rationale was not valued for its own 

sake. Hence, rationale was not considered worth recording in many of the 

terse (sutra-style) authoritative texts on mathematics, astronomy, and 

timekeeping.  On the other hand, rationale was not absent, but was taught, 

as is clear, for example, from the very title Yuktibhasa, or in full form, the 

GanitaYuktibhasa, which means “discourse on rationale in mathematics”.  

 

- Raju, p. 72 

 



Some markable features of Indian Mathematics 

 Collectives in a nascent form was present. 

“… the Nyaya-Vaisesika system needs to grant ontology status to aggregates 

(samudaya) as distinct from their constituent elements (samudayin).  … The 

structure has the aggregate of parts as its support or locus and not any single 

part. Therefore the Nyaya-Vaisesika theory of wholes and parts can not be 

made intelligible without admitting in to the system aggregates as legitimate 

objects (padarthas) whose entity-hood though presupposing the entity-hoods of 

their members, can not be analyzed solely in terms of them.”  

B. Pahi (2008), “On Relating The Two Traditions of Logic”, Logic, Navya-Nyaya & 

Applications. 

 Numbers considered as properties of objects not sets. The same 

object may obtain different numerocity depending upon the set it 

belongs to. 

 



What has been presented so far may be summarised as: 

 mathematics belongs to the realm of cultural activity of humankind, 

 but culture is to be understood in multiple sense, viz., 

 a) various cultures within the mathematics community itself 

 b) various mathematical practices that prevailed in different 

 socio-cultural communities 

“The direction that mathematics takes in a culture is guided by the 

cultural needs or attributes – religious, philosophical, agricultural, 

navigational, industrial as well as mathematical – of the culture. 

The different directions taken by Greek and Chinese mathematics 

were determined by the primitive cultural conditions prevailing in 

these cultures during their prehistoric periods.” - Wilder 



What has been presented so far may be summarised as: 

 mathematical practices in various cultures of category (a) are 

dominated among other factors by power centres and subjected to 

homogenization.   

    [This might be an explanation of Manin’s observation that no     

     major change in methods has taken place in the past 200 years in   

     mathematics.] 

 mathematical practices in cultural communities in category (b) have 

been subjugated by the so called “cultural imperialism.” 

     [Bishop] 

 Since mathematics has no unique “goal” so to say [its arrows are 

not converging] there is no unique path of its development and 

hence an attempt for homogenization would be counter-productive. 



What has been presented so far may be summarised as: 

 Like music or art, mathematics should be given freedom to develop 

in its own soil (culture) both intra-mathematical and extra-

mathematical. 

 

Mihir Kr. Chakraborty, ‘Mathematical Rupas and Their Artists’, History of Science, 

Philosophy and Culture in Indian CivilizationI, Vol. XIII, Part 7. 



What has been presented so far may be summarised as: 

 Time is ripe. Technological advancement has been brought to us 

the opportunity to look beyond simply explaining the past 

history of mathematics to create the environment in favour of 

opening up various possibilities that are in the sight. 

 “The essence of mathematics is in its freedom.” - Cantor 



Let a hundred flowers bloom  

(together with some weeds) 

 



THANK YOU 


