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A bstract

Cultural C ontexts and M athem atical Practices: A  study o f  School C hildren, N ew spaper V endors
and C igarette Sellers in Delhi

by
Farida A. K han

A dviser: P rofessor Joseph G lick

T his study was an  attem pt to discover the relationship o f  cultural contexts and 

m athem atical practices o f  ch ildren in th ree different activities w hich require som e am ount o f  

m athem atical com petence. Subjects w ere school children, cigarette sellers and new spaper 

vendors and the practices w ithin w hich the ir m athem atical practices are defined w ere the 

activities o f  schooling, cigarette  se lling  and new spaper vending.

T he first phase o f  the  study consisted o f  detailed ethnographic observations o f  the 

activ ities, w hich w as follow ed by a series o f  m athem atical tasks. Subjects w ere assessed on their 

ability  to  count, th e ir  fam iliarity  w ith the conventional orthographic representation o f  num bers 

and the ir know ledge o f  m ath facts.

A ddition , subtraction , m ultiplication and division w ord problem s on tw o levels o f  

fam iliarity  w ere adm inistered  to  all th ree groups and perform ance was analyzed in term s o f  

accuracy, strategies used and the types o f  errors com m itted. S ignificant m ain effects w ere 

observed for groups, operations and levels o f  fam iliarity. Results indicated that across 

operations and fam iliarity  levels the cigarette sellers' accuracy levels w ere significantly  higher 

than those o f  the school ch ild ren  and the new spaper vendors. D ifferences betw een the 

new spaper vendors and school children varied  w ith operations and w ithin the fam iliarity  levels.

T h e  new spaper vendors perform ed significantly  better on the fam iliar p roblem s as 

com pared  to  the unfam iliar problem s, w hereas accuracy levels for both the school ch ildren  as 

well as th e  cigarette sellers show ed no significant d ifferences for fam iliarity levels.



T he tw o vending groups displayed m arked sim ilarities in using oral non-school 

strateg ies in contrast to  the school group, w hich depended largely on w ritten and school- 

algorithm ic procedures. C onsequently  errors for the school group stem m ed largely from  their 

inadequate use o f  these algorithm s, o r the inability either to  find the right procedure, or, having 

found it, to  apply it correctly. Errors for the cigarette sellers w ere largely com putational w ith 

som e inability in w orking w ith large num bers orally. This inability o f  handling large num bers 

orally  w as also the m ajor source o f  errors for the new spaper vendors.

T he perform ance o f  the  three groups was also com pared on w ord problem s using 

com bined  operations, profit and loss problem s and a proportions problem  and the perform ance 

o f  the tw o vending groups w as better than that o f  the school children.

T he results are taken as confirm ation o f  the im portance o f  locating practices and 

practicing  individuals w ithin the contexts in w hich they are functioning. The practice o f  

schooling  is revealed as an activity  situated w ithin "m odes o f  th inking and ways o f  speaking" 

ju s t as m uch as the practice o f  cigarette selling  or new spaper vending is. The ways in w hich 

V ygotsky's socio-historical theory encourages investigations o f  the w orld o f  practices was 

explored as a m eans o f  understanding that practices are em bedded in ideologies and socio- 

historical contexts and that in m aking claim s about d ifferences in cognitive functioning w e need 

to  be sensitive to  these contexts.
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NB.

This d issertation  deals w ith children, their w ork practices and m athem atics. F or 

purposes o f  this study I have not highlighted the m ajor policy controversies surrounding the 

relations between form al education and the attem pts to  teach w orking children in street-com er 

schools. M y approach sees all three contexts studied here as “w ork practices”  - including 

schooling. As such, “ schooling”  is not a unitary variable, bu t one which will vary w ith  local 

conditions (children, teachers, resources, teacher’s assum ptions about children, etc.), and it does 

no t have a “privileged place”  in m athem atics learning. A s fa r as I could tell the children 

them selves were not “ involved in” the controversy. T o be sure there are socio-cultural factors 

which fall outside o f  my vision in this study.

Equally surely, one side or the other will attem pt to appropriate the results o f  this 

dissertation  to  support their views. I rem ain convinced, how ever, tha t there is no substitu te  for a 

fine-grained analysis o f  the issues studied here.

xvi



1

C H A PT E R  1.

In tro d u c tio n

This d issertation is an  attem pt at understanding culture and cognition relationships - an 

enterprise tha t psychologists have undertaken seriously only in the last few  decades. It is firm ly 

rooted in the b e lie f  tha t "...subject and object, s e lf  and other, psyche and culture, person  and 

context, figure and ground, p ractitioner and practice live together, require each  other, and 

dynam ically, d ialectically , and  jo in tly  m ake each other up." (Shw eder, 1990. p . l )  C ognition is 

understood as activity, that is inextricably bound up w ith the practices and contexts tha t it 

operates w ithin. Psychological functions are viewed not as abstract, decontextualized  and 

transcendent, but as constitu ted  w ithin real, m aterial beings situated  in m aterial cultures and 

contexts. A  fram ew ork tha t offers a  space fo r such research is tha t o f  activity  theory  (Leontiev, 

1979), w hich takes cu lturally  organized hum an activity as its prim ary unit o f  analysis. This 

fram ew ork evolved out o f  V ygotsky's cultural-historical theory o f  hum an developm ent w here 

"culture is understood as an accum ulation o f  the social experience o f  hum anity in the concrete 

form  o f  m eans and m odes, schem es and patterns o f  hum an behavior, cognition  and 

com m unication" (S tesenko,1993. p.38). The m ain task  o f  psychological research, asserts 

S tesenko, from  this point o f  view  is "to analyze and reconstruct all those m ultiple 

transform ations o f  a  certain  type o f  activity w hich are crystallized in m ature form s o f  hum an 

consciousness and hidden in them ." (p.43)

Research program s w ithin this fram ew ork w hich have shaped the presen t study and will 

be dealt w ith in m ore detail in the review  o f  literature, are those o f  Scribner's laboratory  at 

C U N Y , Lave's studies w ith V ai tailors in L iberia and grocery shoppers in C alifornia, the w ork 

o f  N unes, C arraher and the ir colleagues w ith street vendors in Brazil, and Saxe's w ork w ith the 

O ksapm in and w ith ch ildren  in Brazil. R ecent studies in the dom ain o f  m athem atical th ink ing



have been investigating such thinking as a  function o f  the varying socio-cultural life experiences 

and contexts w ithin w hich hum an cognitive functioning operates. Thus, in addition  to  the 

literature docum enting the learning o f  school m athem atics, there now  exists an increasing body 

o f  literature on the developm ent o f  m athem atical reasoning in out-of-school situations and the 

contexts w ithin w hich it is practiced. This research has given a new  im petus to  the culture- 

cognition  relationship in analyzing and in terpreting the texture o f  the interactions that exist 

betw een the functioning o f  the individual and his or her psychological and m aterial environm ent 

and the shifting  boundaries betw een the two. The present study is an attem pt to carry forw ard 

this research , w hich encom passes the felt necessity to  situate the study o f  cognition in a dom ain  

occupied by individuals in a m aterial and social world, rather than as an ah istorical, ^cu ltu ra l 

phenom enon. T he cognitive activity  that this research undertook to  study is the practice o f  

arithm etic by children in school and children in w ork activities, w hich necessarily  involve the 

practice o f  arithm etic. The study w as carried out in N ew  Delhi, India, w here out o f  a population  

o f  2 .2 m illion children, 18% are w orking as registered o r unregistered labor.

Subjects em ployed in two different vending practices w hich dem and different levels o f  

m athem atical com petence w ere com pared to  observe the differences in m athem atical reasoning  

as a  function o f  the vending practice. A n attem pt w as m ade to investigate the role o f  schooling  

and school-learned m athem atical strategies in order to observe how  far the subjects incorporate 

them  into the ir m athem atical repertoire and in w hat contexts they are actually m anifested by the 

concerned population. T he richness o f  the interactions o f  the subjects and their practices is 

difficult to  capture w ithin a  strictly psychological research fram ew ork, but som e effort has been 

m ade to  describe and to situate the do ing o f  the arithm etic w ithin the contexts w here it is created 

and in tegrated and subsequently  utilized in the service o f  the activity that the participant is 

engaged in.



A ssessm ent and observations w ere carried out on th ree d ifferent groups o f  ch ildren  - 

new spaper vendors, cigarette sellers, and a  group o f  non-w orking school children . T heir 

com petence w ith arithm etical functioning, and ways o f  solv ing arithm etical problem s are seen 

as a  function  o f  the everyday practices, the role tha t such practices assum e for them  as 

participants, and the social and m aterial organization o f  the context w ithin w hich the  practices 

function and are situated.



CHAPTER 11.

Theoretical Perspectives.

M athem atics has traditionally  been view ed as a highly abstract, form alized and 

theoretical system  w hich fits perfectly  into the m old o f  a  decontextualized  cognitive activity, so 

appropriate for experim ental investigation. A ccording to  H odgkin "M athem atics is the oldest 

science to  develop a  rigorous -  even rigid - idea o f  its ow n practice, so tha t the scientificity  o f  

m athem atics has com e to  seem  not so m uch historical as natural after 2 ,500 years. T he idea that 

the history o f  m athem atics should  include social determ inants is seen as absurd  even by 

M arxists." (H odgkin, 1986, p. 173) Tw o plus tw o m ake four is a  "fact" that can be stated w ith a 

confidence that few other statem ents can. It carries a conviction som ew hat o f  the w eight o f  

D escartes' "I th ink therefore I am ." T he concepts contained w ithin this "fact" fit in easily  w ith the 

classical view  o f  concepts as having necessary and sufficient conditions w hich define them .

Surely there is no room  here for a  fuzziness that needs recourse to  an exem plar o r prototype 

form ulation, ju s t as there is not m uch room  for variations in an approach to  so lving such basic 

arithm etic problem s. Such an assum ption becom es valid w ithin the confines o f  a  traditional 

cognitive approach w here rational abstract activity is clearly  delineated  from  a  concrete, 

con textualized  sphere. H ow ever, w hen cognition is relocated w ithin a context, and cognitive 

activity  is situated  in concrete everyday settings, the certainty o f  even such statem ents seem s to 

flounder. T he necessity  o f  a grocery shopper w ho needs four items o f  a particular com m odity 

buying five because o f  an offer o f  a discount, o r tha t o f  a new spaper seller being conten t w ith the 

sale o f  ten  papers w hen ideally he needs to  sell 15 to  cover his buying costs because "people don't 

have the tim e to  co llect the change and therefore they pay m ore for each paper", seem s less 

com pelling.

T he research therefore that is situating and exploring m athem atics in everyday activities



is a  confirm ation o f  the b e lie f tha t all scientific practice is social, and that all scien tific  know ledge 

changes character w ith changing culture. It brings into focus the social character o f  cognition  and 

know ing. A s W ittgenstein rem arked : "O ur children are not only given practice in calcu lation  but 

are trained  to  adopt a  particu lar attitude tow ards a  m istake in calculating." (R em arks on the 

foundations o f  m athem atics, V , 40).

M athem atics as the epitom e o f  abstract and scientific reasoning has a  long history. The 

G reek philosophers who pursued m athem atics as pure know ledge, elim inated the physical 

substance from  m athem atical concepts. A rithm etic, said Plato, ''h a s  a great and elevating  effect, 

com pelling the soul to  reason about abstract num bers, and rebelling against the in troduction  o f  

visible o r tangible objects into the argum ent." (Kline, 1953 p .33) The G reeks, enam ored  o f  

deductive thinking, developed a highly theoretical m athem atics. The Egyptians and the 

B abylonians w ho had a notable civilization as far back as 3000 BC, on the o ther hand, developed 

a m athem atics rooted in the practicalities o f  physical reality. It was in the fusion o f  cultures at 

A lexandria that the pure m athem atics o f  the G reek tradition was given application. A ccord ing  to 

K line, "the new  m athem atics enabled m en to  travel over land and sea; the o lder one prepared  him  

to sit m otionless and to  view  w ith his m ind's eye the im m aterial abstractions o f  ph ilosophic 

thought." (p.63) T he contribution  from  the Indian civilization cam e in the form  o f  the use o f  

special num ber sym bols from  1 to  9, the introduction o f  zero, and the use o f  the positional 

notation w ith base ten, w hich is the m odern m ethod o f  w riting num bers. The form al system  o f  

present-day m athem atics is therefore a  product o f  this rich in term ingling o f  d iverse cultural 

origins; a  legacy o f  cultures and o f  historical developm ents.

A m ong the earliest psychological studies o f  m athem atical th inking w as E .L .T horndike 's 

book titled  "The psychology o f  arithm etic" w hich appeared in the U .S. in 1922. T horndike, 

w orking in the associationist tradition  form ulated his "law o f  effect" follow ed by the  law  o f



exercise, on  the basis o f  his extensive experim ents w ith anim als, w hich he applied  to  his la ter

w ork in educational psychology. T he law o f  effect was form ulated as follow s:

A ny act w hich in a given situation produces satisfaction becom es associa ted  w ith 
that situation, so tha t w hen the situation recurs the ac t is m ore likely than  before 
to  recur also. C onversely any act w hich in a  given situation produces d iscom fort 
becom es d issociated  from  tha t situation, so that w hen the situation  recurs the act 
is less likely than before to  recur. (1905, p.203)

T he com panion law  o f  exercise stated that any response m ade to  a  given situation  

becom es associated  to  that situation in a way that the m ore it is used in response to  tha t situation 

the stronger w ould be the association, ju s t as prolonged disuse w ould w eaken the association . 

A ssociationism  therefore held  that all know ledge how ever com plex w as bu ilt o f  the sim ple 

connections that had been observed in anim al behavior and learning, and consisted  only o f  

establish ing and strengthening the needed associations. Thorndike's book attem pted  to  explain 

how  the sub ject m atter o f  arithm etic could be translated into stim ulus-response bonds, w hich 

could then be strengthened by drill and practice. A lthough these theories fell into d isrepute am ong 

psychologists, the usefulness o f  the drill and practice m ethod in com putation has persisted . In fact 

recent inform ation processing theories focus on som e possible justifica tions o f  drill and practice 

in so far as it prom otes autom aticity, therefore reducing the processing load on  hum an m em ory 

and leading to  m ore efficient functioning. This approach how ever is highly lim ited - it view s the 

hum an organism  as an autom aton that is m olded entirely by an associa tion ist determ in ism  and 

w hich plays no part in its ow n developm ent.

In the constructiv ist approaches on the o ther hand individuals are g ranted  a  participan t 

role in the ir developm ent as cognitive subjects. The tw o developm ental constructiv ist m odels 

w hich have greatly influenced and guided research in the area o f  cognition  and cu ltu re are those  o f  

Piaget and Vygotsky. P iaget rejected both the em piricist and the nativ istic fo rm ulations o f  

intellectual developm ent. In w orking out his theory he focussed on the child 's construction  o f



reality  and the intellectual developm ents thereafter, arguing tha t the origins o f  logical structures 

are elaborated  in sensorim otor activities and transform ed into m ental operations in the course o f  

developm ent. H is form ulation  asserts that the logic o f  thought is preceded by a logic o f  action. 

T he acquisition  o f  know ledge is a constructive process that goes through an invariant sequence o f  

stages w hich he identified as the  sensorim otor, the pre-operational, the concrete operational and 

the form al operational stage. In his quest for studying the construction  o f  reality P iaget has 

offered  a developm ental analysis o f  several logico-m athem atical concepts, such as those o f  space, 

tim e, cardinal and ordinal num ber and the com position o f  num erical relations. It w as in 1941 that 

he, along  w ith Szem inska, published 'The child 's conception o f  num ber'. The num ber concept, he 

stated, presupposes the principles o f  identity and conservation, and like o ther rational concepts, 

developm ental changes in each  o f  these is a m anifestation o f  a general sh ift in the structures o f  

logico-m athem atical thought. T he progression is from  a stage w here the child  is unable to 

conserve, th rough a period o f  w avering and conflict, to  a stage w here the child  no longer needs to 

reflect, but know s necessarily  tha t there is a conservation o f  total num bers when in fact nothing 

has been added or taken away. Prerequisites for the num ber concept are the principles o f  one-to- 

one correspondence, ordinality, cardination and seriation  (Piaget, 1965). N um ber is a synthesis o f  

classes and relations and consequently  the operations for classes, relations and num bers should 

appear about the sam e tim e in the developm ental sequence. It is a t the concrete operational stage 

tha t the child  learns to deal w ith num ber as an abstract entity apart from  its physical 

concom itants, w here the logic o f  relations and the logic o f  classification are integrated. Later 

psychologists w orking w ithin the P iagetian fram ew ork, have looked a t the socio-cultural 

influences on  cognitive developm ent (D asen, 1972) though P iaget h im self had not show n any 

inclinations for such investigations. C hapm an (1988) argues that though Piaget's ow n interest 

was in the form  rather than the functions o f  the logico-m athem atical structures, he neither
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that the structures function in a  context-free m anner nor did he ignore the ir functional aspec t and 

quotes P iaget:

In our hypothesis, accord ing  to  w hich logic is constructed, it rem ains to  be proved 
tha t a  form al m echanism  like the com position o f  tw o relations can be elaborated  
independently  o f  the contents to  w hich this coordination  is applied. C onversely  one 
can expect that the form al structure (X =Y ; Y =Z therefore X =Z) is not acquired  all 
at once independently  o f  its content, but requires as m any distinct and repeated 
acquisitions as there are contents to  w hich it is applied. W hat is m ore, the form al 
structure (X =Y ; Y =Z therefore X =Z), like all form al structures, is only a 
coordination  o f  a particu lar grade, capable o f  being carried out only as a  function o f  
the com prehension (structuration) o f  the term s or relations coordinated  and 
consequently  having to  be reconstitu ted  in the form  o f  a  new  coordination  every 
tim e it is applied  to  a new  class o f  objects o f  thought. (P iaget &  Szem inska,
1941/1964, p.263)

This has w ithout doubt been the m ost influential theory in the area o f  cognitive 

developm ent and research generated by it probably form s the bulk o f  w hat has em erged in this 

field in the last few  decades. T he fact how ever rem ains that sociocultural factors are subordinated  

to  the equilibration  process and consequently  they are seen to interact as external variables and 

not as involved and com plex interactions w ithin w hich the individual ultim ately develops.

T he concept o f  broad stages o f  developm ent and the concom itant "structures d 'ensem ble" 

in Piaget's theory have consistently  been a target o f  criticism . Research on children 's num ber 

conservation  strengthened these criticism s and led psychologists to  posit m ore dom ain-specific 

approaches. G elm an and B aillargeon argue "for dom ain-specific descrip tions o f  the nature as well 

as the developm ent o f  cognitive abilities." (G elm an &  Baillargeon, 1983) T here is evidence 

indicating tha t children w ho are not able to  conserve in P iaget's classical experim ents are 

nevertheless capable o f  g rasping the concept o f  num ber and the process o f  counting w ith  an 

understanding o f  the follow ing principles:

1) T he one-to-one correspondence principle, which states that each item in an array has to  have a 

unique tag.

2) T he stable order principle: that tags used for identifying item s m ust be arranged in a  stable
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order.

3) T he cardinal principle: the cardinal value o f  a set o f  item s is represen ted  by the final tag  used 

in tagg ing  these items.

4 ) T he abstraction  principle: tha t the preceding  th ree principles can be used for any collection  o f  

d iscre te  item s, no m atter w hat the nature o f  the item s, and,

5) T he o rder irrelevance principle: w hich states tha t the order o f  enum erating  the item s is 

irrelevant so long as the how -to-count principles are honored (G elm an and G allistel, 1978).

This research reveals that ch ildren  have som e understanding o f  the counting  princip les as 

early  as the preschool age. G roen and R esnick (1977), have dem onstrated  tha t not only  do they 

understand  the princip les but that ch ildren  around 4 years o f  age can m ake use o f  a counting  

algorithm  in solv ing sim ple addition  problem s, and at a  little over tw o years have dem onstrated  a 

system aticity  in using num ber lists that Fuson &  R ichards (1979) call standard  and G elm an & 

G allistel (1978) call idiosyncratic. D evelopm ent in P iaget's theory is exp lained  by an active 

constructive process. T his process is also a dialectical one w herein tensions in the understanding 

o f  reality  are resolved by the construction  o f  m ore adequate structures and on these depend the 

cognitive functioning o f  the individual. T he spate o f  cross-cultural research  generated  by this 

theory  addressed the universality  o f  these constructive processes but instead o f  characterizing  the 

richness and variety  o f  cultural form s, the agenda was one o f  unifying and abstracting , to  arrive at 

general princip les o f  understanding hum an developm ent. T he search how ever proved elusive and 

research  produced findings for w hich existing theoretical explanations did not seem  adequate.

T he theory  w hich does address issues o f  culture and socio-historical contexts is tha t o f  

the Soviet psychologist, L.S. V ygotsky. C ross cultural tests o f  P iaget's theory  helped  to  highlight 

the usefulness o f  V ygotsky's ideas and to  focus on developm ent w ith in  these varying socio- 

historical and cultural contexts. V ygotsky form ulated his theory  w ithin M arx's historical
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m aterialism  elaborated  on Engels' concept o f  hum an labour and tool use as the m eans by w hich 

m an changes nature and in so do ing  transform s h im self (T hought and Language, 1962; M ind in 

Society, 1978). O ne o f  the central prem ises o f  this theory is that the developm ent o f  the higher 

m ental functions begins on a  social plane. A ccording to  Vygotsky, "All higher m ental functions 

are internalized  social relationships.... T heir com position, genetic structure and m eans o f  action - 

in a w ord the ir w hole nature is social." (Vygotsky, 1978, p. 164) The social and the cultural are 

therefore inseparable from  the individual developm ent that takes place in shaping hum an 

cognition.

Cultural developm ent is superim posed on the processes o f  growth, m aturation, 
and the organic developm ent o f  the child. It form s a single w hole w ith these 
processes. It is only through abstraction that we can separate one set o f  
processes from  the other. T he grow th o f  the norm al child into civilization usually  
involves a fusion w ith  the processes o f  his/her organic m aturation. Both planes 
o f  developm ent - the natural and the cultural - co incide and m ingle w ith one 
another. (Vygotsky, 1960, p.47)

T he child  appropriates m eans and m odes o f  psychological functioning that have evolved

socially  and historically  and it is this socially and historically  constructed cultural con tex t that

acts as an im petus for potential developm ent. E laborating the concept o f  the "zone o f  proxim al

developm ent', V ygotsky stated that there are tw o aspects o f  a child 's developm ent to  be

considered: the actual developm ental level and the potential developm ental level.

T he zone o f  proxim al developm ent is the distance betw een the actual 
developm ental level as determ ined by independent problem  solving and the level 
o f  potential developm ent as determ ined through problem  solving under adult 
guidance, o r in collaboration w ith m ore capable peers. (Vygotsky, 1978, p. 86)

Social settings and social interactions create zones o f  proxim al developm ent w hich at the

outset are operational only in the social settings but are gradually  "...internalized, they becom e

part o f  the child 's independent developm ental achievem ent." (Vygotsky, 1978, p. 90) R esearch in

different cultures with a focus on inform al learning dem onstrates how  in the process o f  in itiating
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novices into adult w orld activities, collaborative learning environm ents lead to  acquisition  o f  

general cognitive skills (G reenfield, 1984, Lave, 1977; Lave, M urtaugh &  R ocha, 1984).

T he distinction betw een form al and inform al system s o f  learning is captured in this

theory  in the distinction betw een scientific and spontaneous concepts, w hich have been dea lt w ith

in considerab le detail, both in Vygotsky's w ritings as well as his research. H e w rites:

Instruction has a decisive influence on the course o f  developm ent because these 
functions have not yet m atured at the beginning o f  the school age and because 
instruction organizes the ir further developm ent and partially  determ ines the ir fate. It 
is im portant to  stress how ever that the sam e can be said o f  scientific concepts. The 
basic characteristic o f  the ir developm ent is that they have the ir source in school 
instruction. Therefore the general problem  o f  instruction and developm ent is 
fundam ental to  the analysis o f  the em ergence and form ation o f  scientific concepts.
(1978, pp.213-214)

C hildren develop spontaneous concepts in the ir everyday lives and inform al encounters. 

T he focus in the developm ent o f  these concepts is the object and not the ac t o f  thought itself. The 

process o f  acquiring  scientific concepts reaches far beyond the im m ediate experience o f  the child. 

T he relationship  betw een the developm ent o f  the tw o types o f  concepts is how ever 

com plem entary  and not contradictory - spontaneous concepts have their source in everyday 

activity  and learning o f  scientific concepts raises them  to a new level o f  consciousness, w hereas 

scientific concepts have the ir source in form al instructional contexts and the course o f  the ir 

developm ent is guided by the ir interface w ith spontaneous concepts.

In bridging the gap betw een the psychology o f  consciousness" and the "psychology o f  

behaviour" V ygotsky in troduced the concept o f  socially m eaningful activity, w hich requires 

m ediators such as "psychological tools and the m eans o f  interpersonal com m unication" and 

"establishes prem ises fo r the unified theory o f  behavior and m ind" (K ozulin , 1986). T ak ing  o ff  

from  Vygotsky's ideas, activ ity  theory (Leontiev, 1978) deals w ith life processes that link together 

the subject's organization and the surrounding reality. T he construct o f  activity unifies the 

individual, the w orld o f  objects and the society. A ccording to Leontiev:
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T he real function  o f  th is un it is to  orien t the subject in the w orld o f  objects. In o ther 
w ords, activity  is no t a  reaction  o r aggregate o f  reactions, but a  system  w ith  its ow n 
structure, its ow n internal transform ations, and its ow n developm ent. (1979, p .46)

A ctiv ity  is therefore situated  w ithin a socio-cultural context, and form s a link betw een

m ental and behavioural processes. A ctivities can be analyzed on a  num ber o f  levels: the guiding

force a t the level o f  activity is the  m otive; at the level o f  actions they are determ ined by goals, and

at the level o f  operations, by the  conditions under w hich they are perform ed. In Leontiev 's

form ulation:

C onsequently , it is the activity o f  o thers that provides an objective basis for the specific 
structure o f  individual activity. H istorically, i.e. in term s o f  its origin, the connection  
betw een m otive and object o f  activity reflects objective social, rather than natural 
relations. (A .N .L eontiev , 1959/1981, p .2 8 1)

In this three-tiered  m odel m otives belong to  a socially  structured reality, w hereas it is 

ac tions tha t function  in the im m ediate reality  o f  practical and concrete goals. Leontiev 's m odel has 

com e under criticism  for its stress on the in teriorization o f  ready m ade standards o f  behaviour and 

cognition  and for its rejection o f  sem iotic m ediation w hile insisting on the role o f  practical 

actions. A reform ulation  o f  the theory  and one that m akes it m ore appealing  is the effort to  re­

incorporate w ithin activity  theory Vygotsky's concepts o f  m ediation and the m ediated character o f  

all hum an phenom ena. In this connection  Lektorsky states:

T he so-called inner w orld  (and all processes connected w ith it) arises as a  result 
o f  the ou ter activity  o f  a sub ject m ediated by in tersubjective relations. In o rder to  
create o r to  change "inner" or "subjective" phenom ena, it is necessary to  create 
som e objective thing, that is, a process o f  “objectification" is a necessary pre­
supposition  for the existence and the developm ent o f  the " in n er"  world. Thus 
w hat is m ost im portant about the features o f  hum an beings is that they (the 
features) are not naturally  given, but m ediated by artificial objects p roduced by 
hum an activity. (Lektorsky, 1993, p.49)

It is w ithin th is approach that the research and consequent w ritings o f  Cole, S cribner and 

the ir associates (C ole &  Scribner, 1974; Scribner &  Cole, 1981; C ole et al., 1971; G ay & Cole, 

1967) are situated  and also from  w ithin this literature and theoretical perspective tha t the concept



o f  the "cultural practices" approach em erged. This hypothesis asserts tha t there are certain  hum an 

capacities w hich are shaped by com m onalities in the hum an condition  and th a t m any higher 

m ental functions like perception, attention and m em ory involve the sam e psychological processes, 

though the life experiences in response to  w hich they develop m ay vary. D ifferences in m ental 

functioning on the o ther hand are a  result o f  the way these capacities are organized  and em ployed 

for particu lar purposes and hence the im portance o f  particular contexts. A ccord ing  to  Scribner & 

C ole (1981), "functional system s" are not unitary unchanging abilities but are situation  specific 

and therefore sensitive to  socio-historical changes.

W hile accepting Piaget's understanding o f  developm ent as a series o f  qualitative changes 

that are actively constructed  by the experiencing individual, this research  leans heavily  on 

Vygotsky's socio-historical perspective and the concept o f  activity  as a  un it o f  analysis. T he focus 

on activity  as 'functional system s' allow s us to shift from  the individual to  the person-in-practice, 

and hopefully, to  an understanding o f  the relationship between cultural experience and cognitive 

outcom es. T his focus on functional system s acts as a deterrent to  separating  the individual from  

the w orld o f  experience and provides us with a fram ew ork w ithin w hich to  connect and ground the 

cognitive functioning to the cognizing individual as a  social h istorical being.

T his process o f  redefin ing the unit o f  psychological investigation necessarily  excludes the 

concept o f  an isolated individual m ind functioning w ithin clear-cut boundaries. T he boundaries o f  

the person-in  practice provide a perm eability w hich allow s the individual to  possess a culture and 

a history w hich defines her. W hen we situate the subject in an activity  we are recognizing the 

cultural baggage that pervades this unit. W e are also recognizing the im plication o f  a  continuing 

and contextualized  relationship  w hich is dialectical and necessarily  dynam ic, and w ith in  w hich 

cognitive function ing  can be understood as a focus o f  psychological investigation.



CHAPTER 111.

R eview  o f  relevant literature.

R esearch  on the developm ent o f  childrens' m athem atical th ink ing  and relevant to  the 

proposed  study is broadly  categorized  here as:

1. th a t com ing out o f  the  P iagetian  perspective and the inform ation processing theory  and

2. that w hich can  be referred  to  as the cognition-in-culture m odel and fits in well w ith  the 

V ygotskian perspective.

C hildrens spontaneous m athem atical developm ent.

M uch o f  th is research  originally  stem s from  Piaget's constructiv ist approach and stage 

theory  o f  cognitive developm ent and focusses on the em ergence and understanding  o f  num ber 

concepts in children. T he inform ation processing approach has been extensively used in research 

in th is area, and though it has m ade valuable contributions to  our understanding o f  these concepts, 

the socio-cultural con tex t o f  developm ent has been largely ignored, o r used as one o f  m any 

variables that have an im pact on  our cognitive developm ent. A  substantial body o f  w ork in this 

d irection  is that o f  G elm an and her associates, w ho have m ade an attem pt to  define m ore m inutely 

the princip les involved in the understanding o f  num ber, and to  determ ine how  early the  child  is 

capable o f  g rasping these p rincip les (G elm an, 1972; Starkey &  G elm an, 1982; G elm an & 

G alliste l, 1978).

K lein and S tarkey (1988), have presented a m odel o f  early arithm etic cognition  w hich 

outlines th ree types o f  arithm etic know ledge that universally  underlie young  children 's arithm etic 

thinking. T hese are: enum erative processes, com putational procedures, and know ledge o f  the 

natural num ber system . Enum erative processes are used to  generate num erical represen tations o f  

sets o f  concrete o r im aginary objects. Exam ples o f  these in early childhood include subitizing, 

correspondence construction , and counting. C om putations, the second com ponent, are  the



procedures children  use to  perform  arithm etic com putations on the ir representations o f  these sets. 

K now ledge o f  num ber system s constitutes the structural com ponent o f  the m odel and is also 

believed to  be universally  present though it develops over a protracted period o f  tim e. Evidence 

fo r the presence o f  these system s is reported from  research in W estern as well as non-W estern 

cultures (G elm an & G allistel, 1978; G insburg  &  R ussell, 1986; Saxe, G uberm an &  G earhart,

1987; S iegler &  R obinson, 1982.)

A  large body o f  research o f  this nature focuses on the analyses o f  strategy choice and 

strategy use in the process o f  solv ing arithm etic problem s. The target population  is pre-schoolers 

and school children, and contex t is not a m ajor consideration. This research tradition  com es out o f  

the cognitive-developm ental theories such as those o f  Case (1985), K lah r(1 9 8 4 ), S ternberg 

(1985) and S iegler and Shrager (1984). T here is am ple evidence to  show  that in solving 

arithm etic problem s very young  children use efficient strategies (G roen & Parkm an, 1972), that 

they use a variety o f  strategies (Baroody,1984; C arpenter &  M oser, 1982; Fuson,1982) and, that 

these strategies undergo developm ental changes (S iegler &  Shrager, 1984)

In an attem pt to  incorporate socio-cultural influences the research w ithin this tradition 

has contrasted  perform ance am ongst different cultural groups, w ith a predom inant use o f  

P iagetian  tasks. G insburg, P osner and Russell (1981) have explored the developm ent o f  

m athem atical th inking w ithin and across cultures and conclude that schooling furnishes subjects 

w ith certain  specific problem -solving skills as m uch as certain  cultural practices do in the absence 

o f  schooling.

Jill Posner (1978) looked at the effects o f  specific aspects o f  culture on the developm ent 

o f  quantita tive know ledge. H er research com pared children  from  a m erchant culture w ith children 

from  an agrarian  culture: the D ioulas and the B aoules o f  the Ivory C oast, and observed the effects 

o f  schooling  in these tw o groups. She found that though all the groups conserved num ber by the



age 9 o r 10, the m erchant culture and the schooled children  w ere m ore advanced in the  acquisition 

o f  the concept. She also reported  that the schooled and the m erchant groups w ere ab le to count 

m ore efficiently  and to  exhibit greater flexibility and efficiency in applying strategies than the 

agricultural group. She m akes an interesting analysis o f  strategies tha t the children  used on the 

basis o f  w hether they guessed, counted or used m ath facts o r pictorial representations o f  the 

objects to  be counted. A n erro r analysis also revealed differences in the m odes o f  functioning 

am ongst the th ree groups. Though this body o f  research has not explored the interplay betw een 

socio-cultural contexts and cognitive developm ent, it nevertheless added to the understanding o f  

som e o f  the w ork that was undertaken on the developm ent o f  m athem atical understanding w ithin 

socio-cultural settings.

M athem atical system s and practices w ithin particular socio-cultural contexts:

M ost o f  the research in this section is influenced or directly derived from  w ithin 

Vygotsky's socio-historical theory o f  cognitive developm ent and the later activity  theory 

approach. It represents a body o f  w ork that is steadily com ing together in attem pting to  shift the 

focus o f  the study o f  cognition from  the individual in the laboratory, to  a b roader understanding 

o f  cognitive functioning as distributed and dialectical ly created and m anifested by the individual 

w ith in  a  social and m aterial w orld. It com es out o f  a  felt need to situate cognition  in its naturally 

occurring  contexts, in the w ake o f  diverse strands o f  research that dem onstrated  the ab ility  o f  

subjects to  perform  at d ifferent levels o f  com petence w ith variations in context, p resentation o f  

tasks and fam iliarity  o f  m aterials (LC H C, 1979; Rogoff, 1981). G ladw in (1970), reported 

phenom enal calculational capacities, m em ory and reasoning skills in M icronesian  navigators, who 

perform ed very poorly on standard tests o f  intellectual functioning. S im ilarly, subjects dealing  

w ith skills in com m unication and logic displayed poor perform ances in test situations, but



dem onstrated  perfectly adequate perform ances in fam iliar contexts (Labov, 1970; Cole, 1975; 

Scribner, 1976). This research has necessarily also resulted in a reth inking o f  the m ethodologies 

o f  traditional psychology, and opened the way for less rigid and form al ways o f  assessing and 

in terpreting  cognitive functioning o f  psychological subjects.

A ttem pts to  docum ent the use o f  indigenous counting system s in cultures th a t do no t use 

the m odern base ten system  reveal that som e form  o f  counting is found to exist in v irtually  every 

culture (Saxe & Posner, 1983; Zaslavsky, 1973). Saxe (1982), in his detailed study o f  the 

num eration system o f  the O ksapm in, looked at the effects o f  socio-historical change as new  forms 

o f  social interaction em erge in the com m unity. In detailing the body-part counting system  used by 

these people, he dem onstrates how  the introduction o f  a system  o f  currency has necessitated a 

new  form  o f  exchange and therefore led to an adaptation o f  the num eration system . H e also 

observed the learning o f  form al m athem atics in school children to  determ ine their use o f  body 

parts in solving school problem s involving num ber. Children used the body-part counting system  

m ore efficiently w ith advancem ent o f  grade, whereupon he concludes that the changes observed 

w ere not sim ply the replacem ent o f  old form s w ith new  ones, but that subjects were constructing  

m ore specialized form s o f  sym bolization out o f  the existing ones.

Brenner (1985) studied arithm etic and classroom  interaction and cultural practices 

am ong Vai children in Liberia, building on research carried out by Lave am ong adults in the sam e 

com m unity (1977). T he V ai num ber system  is quinquavigesim al i.e., the num bers five, ten and 

tw enty serve as basic tallying points for constructing  other num bers, and basic operations in Vai 

have som e procedural im plications that differ from  the English. In addressing the question  o f  how 

children  com bine or reconcile their tw o system s o f  arithm etic w hen doing problem s in school, she 

found that the children in her sam ple used a com bination o f  Vai, school and invented arithm etic 

algorithm s during both individual testing  and classroom  lessons and that each m ethod was used
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w ith problem s w here it was m ost applicable.

R esearch across a range o f  cultural settings has revealed that children  develop 

fundam ental intellectual skills as a result o f  participation in school contexts, as well as out-of- 

school contexts (G reenfield &  Childs; Cole, Gay, G lick  &  Sharp, 1971; S cribner &  Cole, 1981). 

G ay and C ole w orking am ong the K pelle in Liberia, w ere am ong the first to  describe a  traditional 

non-W estern  system  o f  quantification and dem onstrate its incom patibility  w ith school 

m athem atics. Lave's w ork w ith tailors in L iberia (R eed &  Lave, 1979; Lave, 1982) focused on 

the ir arithm etical problem  solving as a function o f  schooling and o f  the practice o f  ta iloring. H er 

findings indicate that the extent o f  school experience was the best predictor o f  success fo r school­

like problem s, w hereas success on ta iloring  problem s was predicted  by years o f  ta iloring  

experience, w hich she views as supporting  the cultural practices approach to  cognition.

Rosin (1973) reports the perform ance o f  an illiterate Indian peasant, Rupsingh, in the 

calcu lation  o f  the price o f  a quantity  o f  gold. Rupsingh's arithm etic know ledge w as derived from  

cu lturally  shared, folk arithm etic techniques and invented strategies. H is perform ance 

nevertheless indicated a w ell-integrated, reflective, and explicit know ledge o f  m oney, gold 

w eights and o f  abstract num erical relations.

Scribner and F ahrm eier (1982), conducted a study o f  the practical arithm etical skills 

am ong w orkers in a m ilk processing plant. W orkers in the plant, using arithm etical skills in the ir 

daily  activ ities, w ere com pared w ith fifth and ninth-grade children  on school-like m athem atical 

tasks involving num ber facts and m ental and w ritten com putations. Though students and w orkers 

w ere equally  com petent on the last tw o tasks, w orkers dem onstrated a higher accuracy on the 

m ath facts task. It was also observed that w orkers used m em orized solutions or regrouping o f  

num bers on the m ental com putation, w hereas students resorted to  school algorithm s. A further 

com parison o f  students and w orkers on sim ulations o f  w ork tasks revealed that w orkers used a
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greater variety o f  strategies in perform ing the tasks and also achieved a g rea ter accuracy in doing 

so.

Petitto  (1979), in ex tending  Lave's w ork on transfer o f  m athem atical th ink ing  from  one 

contex t to  another, looked at tw o professional groups: cloth m erchants and tailors. The concrete 

contexts in w hich she assessed them  w ere equally fam iliar for both groups (clo th , m eter m easures 

and m oney) but the operations required o f  each profession w ere different. In design ing  abstract 

m athem atical problem s, w hich w ere then posed to  these tw o groups, she found differences in the 

groups that w ere related to  the operations that each group was fam iliar w ith. T he problem s posed 

to  the tw o groups involved operations that the m erchants w ere m ore fam iliar w ith, and th is was 

reflected  in the ir perform ance in that ta ilors w ere less adept at so lv ing problem s w hich involved 

operations that they did not routinely perform . She concludes therefore that it is not only the 

fam iliarity  o f  the contexts but also  the fam iliarity w ith operations that m ay be needed  for transfer 

to  take place.

T he adult m ath pro ject undertaken by Lave and her colleagues argues for an approach 

w here the activity  to  be studied  is located in the everyday functioning in the lives o f  the 

participants (Lave, 1988). T he project focused on 35 subjects - m en and w om en, 25 o f  w hom  

participated  in a superm arket study and 10 in a d ie t study. Participants varied in age, incom e, 

fam ily com position and size, schooling  and years since schooling had been com pleted. 

O bservations o f  activity w ere follow ed by sim ulation problem s - best-buy problem s for the 

shoppers and m eal preparation problem s for the w eight w atchers. This was follow ed by a  session 

o f  problem s testing  school m ath - a m ultiple choice test, paper and pencil m ath problem s, num ber 

and m easurem ent facts, m ental m ath problem s and calculator problem s. A ccuracy o f  shoppers on 

the m ath test was 59% , w hereas in the price com parison in grocery shopping  and the sim ulation 

tasks was as high as 98%  (Lave, M urtaugh & de la Rocha, 1984; de la Rocha, 1985; M urtaugh,
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1985; Lave, 1988). T here w as no significant correlation  betw een frequency o f  calcu lations in the 

superm arket and scores on  m ath test, m ultiple choice test and num ber facts. Scores w ithin school­

like m ath problem s are correlated  w ith each other, and age and schooling  w ere good predictors o f  

perform ance on the arithm etic scores. Superm arket and sim ulation problem s indicated a success 

rate tha t had no statistical relationship  w ith schooling, years since schooling was com pleted, or 

age. A m ongst strategies used for the best buy problem s w ere left to right calculation, 

recom position , rounding, ratio  com parison, transform ation o f  both problem s and solutions in the 

course o f  problem  so lving and use o f  the environm ent as a calculating  device.

C arraher, C arraher &  Schliem ann (1985, 1987), carried out research w ith ch ildren  and 

adults w ho are engaged in practices that involve the use o f  m athem atics in situations ou tside o f  

school. In a  series o f  studies they have been observing and analyzing w hat they designate as 

m athem atics 'in  the streets' and looking for a relationship betw een this m athem atics and the 

m athem atics taught in schools. They found evidence o f  w ith in-subject d ifferences in the practice 

o f  m athem atics depending  on the context w ithin w hich the problem s w ere presented. Five children 

ranging  in age from  9-15 years and in schooling from  first to  eighth grade w ere used in the study. 

Subjects w ere adm inistered  an inform al test consisting  o f  63 questions abou t actual or potential 

purchases in the subject's natural w orking conditions. This was follow ed by a form al test 

constructed  for each child  on the basis o f  the inform al item s they had earlier solved, and consisted  

o f  99 questions. Each subject w as given a score based on the percentage o f  correct item s and 

com parisons w ere m ade on the basis o f  the rates o f  correct responses betw een the inform al 

condition  and the form al condition , the latter sub-divided into w ord problem s and m ath 

operations. Subjects perform ed significantly better on the inform al test than on the form al test 

involving operations. Subjects gave 98%  correct responses in the street, 74%  w hen solving w ord 

problem s, and only 37%  w hen asked to  solve com putational problem s. They also approached the
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problem s differently  - problem s in the street w ere solved orally, but the w ord problem s and the 

com putational problem s led th e  children to  resort to  w riting, and the use o f  school algorithm s 

(C arraher, C arraher and Schliem ann, 1985). A  later study (C arraher, C arraher, &  Schliem ann, 

1987), w as carried out w ith 16 third-grade children, w ho w ere tested under th ree d ifferent 

conditions. D ifferences in perform ance that w ere observed w ere attributable to  th e  form  o f  

represen tation  used by the child, since children  spontaneously em ployed oral o r w ritten solutions 

across conditions. A detailed analysis o f  the oral procedures revealed the use o f  the follow ing 

hueristics:

1. D ecom position: This consists o f  breaking dow n num bers into parts and operating  sequentially  

on  the parts. A lthough this is a  strategy that draw s upon properties underlying the school taugh t 

algorithm , the school algorithm  is perform ed in the d irection units to  tens to  hundreds, w hile the 

oral procedure follow s the direction  hundreds to  tens to units.

2. R epeated groupings: This is used in the case o f  m ultiplication and division - the strategy is to 

use repeated  additions and subtractions respectively.

A cioly &  Schliem ann, (1989) in a study w ith lottery bookies, exam ined the ir arithm etic 

perform ance w ith fam iliar and unfam iliar lottery problem s. H igher levels o f  schooling  led to  m ore 

accurate solutions and greater flexibility and variety o f  strategy use w ith both k inds o f  problem s. 

Subjects w ith less schooling did well on the fam iliar problem s but not on unfam iliar ones. T hese 

and o ther subsequent studies w ith farm ers and carpenters ( G rando,1988; Schliem ann, 1984) have 

led them  to  conclude that m athem atical problem  solving involves the use o f  tw o types o f  

representations: 1. representation o f  the problem  situation and 2. representation  o f  the 

m athem atical relations. School based m athem atics concentrates heavily on the second, and in fact 

tries to  get away from  the problem  solution so as to  m aintain its abstract character. Street 

m athem atics on the o ther hand focusses on the problem  situation and connects the m athem atical
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rela tions to  it, as a  result o f  w hich the problem  solving strategies are related to  the situation and 

solu tions tend to  be m ore accurate (N unes, Schliem ann and C arraher, 1993).

In a series o f  studies and a sustained research program  starting  w ith his investigations o f  

the O ksapm in  num ber system  and its applications, Saxe has form ulated a fram ew ork for the study 

o f  culture and cognitive developm ent. T hree analytic com ponents form  the core o f  this 

fram ew ork: goals that em erge from  participation in cultural practices, the cognitive form s and 

functions constructed  to  these goals and interplay betw een form s linked to  out o f  school practices 

to  form s linked to  school practices (Saxe, 1991).

A  study in 1988 com pared 23 sellers w ith 20 urban non-sellers and 17 rural non-sellers, 

to  investigate w hether engagem ent with practice-linked problem s leads children  to  construct 

d iffering  form s o f  m athem atical understandings. Subjects w ere presented  w ith the follow ing 

tasks:

a) Identifying and com paring num erical values.

-identifying num erical values using the standard orthography,

-Identifying num erical values on the basis o f  the orthography versus figurative 

characteristics o f  bills, and

-Identifying num erical relations betw een currency values.

b) A rithm etic: A ddition and subtraction  o f  large values, and

c) R atio  com parisons.

R esponses were scored  for accuracy in every category, as w ell as for coding categories 

identify ing errors (on the first task), categories for d ifferent m agnitudes o f  errors (on the 

arithm etic problem s) and adequate judgem ents and justifica tions (on the ratio  p ro b le m ).

R esults o f  the study indicate that vendors and non-vendors had both developed non­

standard  m eans o f  represen ting  num erical values w hich is explained by the fact that these
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currency values are used in the  course o f  the everyday activities o f  each  group. F or both  the 

addition and subtraction  problem s, the urban children  gave m ore adequate responses, w hereas 

urban sellers fared better on the  subtraction  tasks. As for the ratio  problem s, sellers generated 

m ore sophisticated  understandings than the o ther tw o groups, w hich confirm s the hypothesis that 

children  generate m athem atical problem s as they participate in cultural practices, since th is was 

the only group that dealt w ith ratio problem s in the ir everyday activities.

A  later pro ject explored the interplay o f  m athem atical learning tha t occurs in and out o f  

school (Saxe, 1991). Subjects w ere candy sellers w ith varying am ounts o f  schooling and school 

children  w ith varying am ounts o f  street-vending experience. T he purpose o f  the study w as to 

assess i f  form al schooling has an im pact on the way children  conceptualize and solve 

m athem atical problem s in inform al practices, and conversely, i f  children 's participation  in cultural 

practices tha t involve m ath has an im pact on the way they conceptualize and solve school 

problem s. To study the influence o f  school experience, vendors w ere asked to  solve m athem atical 

p roblem s involving m ental representation , arithm etic and ratios, based on earlier observations 

w here children  involved in vending w ere addressing such problem s. O n problem s o f  

representation , the study provides evidence that sellers w ith little o r no schooling construc t a 

representational system  linked to  the ir m edium  o f  exchange - in th is case the size o f  the bills 

being used as token o f  the num ber. A rithm etic problem s requiring them  to  add and subtract 

currency denom inations w ere used to  assess the ir arithm etic problem  solving capacities, and 

though no differences w ere noted  in addition strategies, subtracting  strategies did dem onstrate 

differences. Sellers w ith greater levels o f  schooling w ere m ore likely to  use paper and pencil 

strategies, though there was no  difference in the accuracy o f  answ ers. F or the ratio  problem s, 

sellers o f  all school levels dem onstrated  adequate understanding.

T o study the effects o f  vending experience on schooling, children  w ere asked to  solve
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arithm etic problem s involving addition, subtraction, m ultip lication and division. C hildren 's 

so lu tions o f  these problem s differed as a  function o f  their vending experience. A t an earlier grade 

level the vendors had a  greater num ber correct than the non-sellers, though this d ifference was 

a ttenuated  for a later grade. Sellers m ade use o f  the regrouping strategies w hich helped them  with 

the problem  solutions and also  show ed evidence o f  com bining this strategy w ith school 

algorithm s as a  m ore efficient way o f  solv ing school problem s.

M uch o f  this research has focussed on the developm ent o f  arithm etic and other 

m athem atical skills as a function o f  schooling, and as a function o f  participation in cultural 

practices o ther than schooling. Repeatedly, findings reveal that schooling and form al teaching are 

not the only sources o f  m athem atical know ledge and practice. T he object o f  study in th is research 

en terprise is clearly  m ore inclusive than an abstracted  individual, and the studies quoted above are 

concerted  efforts at discovering practices and the characteristics o f  the specific experiences w hich 

lead to  th is know ledge and com petence.

This review  therefore underlines the usefulness o f  the study o f  m athem atical reasoning 

and arithm etic practice as an im portant site for the understanding o f  cognition and cognitive 

developm ent. It brings to  the fore several questions that face the investigations o f  cognition as a 

sub ject m atter o f  psychology. A lthough m athem atics has an im m aculately defined status as an 

academ ic discipline, the research quoted above w hich focuses on how this body o f  know ledge is 

acquired  and practiced raises questions about its abstract and disem bodied nature. It becom es an 

enquiry into the acquisition and developm ent o f  m athem atical concepts w ithin everyday activities, 

w hether it is schooling, street vending or another activity involving the m anipulation o f  num ber. 

S ituating  the m athem atical transactions w ithin the practices in w hich they are em bedded is an 

im portant part o f  this research program . The boundaries betw een w hat has been term ed as form al 

and inform al m athem atics are hard to define, ju s t as it is difficult to categorize those w ho are
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aw are o f  the ir 'd o in g  m athem atics’ from  those w ho are involved in practices that involve

m athem atics, but are not conscious o f  it.

This research  also em phasizes Vygotsky's observations o f  basic versus higher

psychological functions and the  dependence o f  the latter on the symbol system s available. Som e

o f  these system s, such as language, are universal but others are culture-specific and therefore

necessarily  produce differences in the organization o f  the psychological functions. V ygotsky

w rote about th is course o f  developm ent:

T he use o f  notched sticks and knots, the beginnings o f  w riting and sim ple m em ory aids 
all dem onstrate that even at early stages o f  historical developm ent hum ans w ent beyond 
the lim its o f  the psychological functions given to them  by nature and proceeded to  a  new,
culturally-elaborated organization o f  their behaviour we believe that these sign
operations are the products o f  specific conditions o f  social developm ent. (Vygotsky, 
1978, pp. 38-39)

A m ongst these culturally  elaborated system s he classifies m athem atical languages and 

the ir accom panying sym bolic form s such as num bers and notational system s. T hat societies and 

cultures the w orld over have one o r another such system  available is evidence o f  the universality  

o f  such functioning. B ut ju s t as, w ithin the universality o f  language, the form s o f  speech bear the 

unique features and developm ental influences o f  a particular cultural group, m athem atical 

system s and the ir form s are m odified and enriched by the contexts o f  their functioning, the 

accum ulated experiences o f  a society and its culture and the personal experiences o f  those 

encountering it.



CHAPTER IV.

M ethodology.

T he aim  o f  this study w as to  understand the d ifferences in the practice o f  arithm etic as a 

function  o f  the d ifferent settings w ithin w hich it em erges, w hich are characterized  here by the 

th ree activities o f  schooling, cigarette selling  and new spaper vending. S ince the research  is 

prem ised on the b e lie f  that cognition  cannot be com pletely understood outside its cultural and 

social context, the settings w ith in  w hich these activities em erge are seen as crucial to  the 

m athem atical functioning and com petence o f  the participants in the experim ental setting  created 

during  the course o f  this research. As a first step it was necessary then to  arrive at a  m eaningful 

understanding o f  the activities and the participants, and the levels and m odes o f  interaction 

betw een the two.

T he study used both observational and experim ental m ethods in an attem pt to  situate the 

cognitive function ing  w ithin its social and m aterial context. T he research was consequently  

conducted  in tw o phases, the first o f  w hich consisted o f  detailed observations o f  the activ ities and 

the participants o f  these activities. This enabled the form ulation o f  the m ore specific research 

questions and the selection  o f  subjects for the second phase o f  the research. The second phase 

focused on the selected  sam ple o f  48 children, w ho w ere observed in the course o f  the ir w ork and 

school activity. D etailed interview s w ere carried out w ith them  and finally a battery o f  arithm etic 

tasks (constructed  on the basis o f  observations in the first phase), was adm inistered. The 

activ ities chosen fo r the study were:

1. N ew spaper V ending: The afternoon and evening new spapers in Delhi are sold by haw kers in 

the busy shopping  centers and at m ajor traffic lights. A large num ber o f  children  are involved in 

this activity  and m ake the ir daily  living out o f  it.

2. C igarette and paan selling: T he paan is a betel le a f  preparation, w ith or w ithout tobacco,



consum ed w idely all over India. Paans are freshly prepared and sold at the paanshops, and it is the 

sale o f  the paans that chiefly draw s custom ers to  these shops. T he activity  o f  paan and cigarette 

se lling  is largely restricted  to  adults but there are establishm ents that em ploy children  as 

assistants, and w ho are often left to  m anage the shops on  their own. Som e children  run the 

establishm ents unassisted and therefore are solely responsible for all m oney transactions.

3. Schooling: Since India provides free elem entary education, and m athem atics form s a core part 

o f  the school curriculum , m athem atics as form al school practice w as chosen as th e  th ird  site to  

explore the relationship betw een form al and inform al cultural practices in the construction  o f  

m athem atical understanding.
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CHAPTER V

Phase 1. T he School, the Shop and the S treet as Sites o f  A rithm etic practice

T he first phase o f  the study relied on participant observation and ethnographic m ethods, 

w ith the help o f  w hich, data about the groups w as collected over a period o f  about 5 to 6 m onths 

by the researcher, using a variety o f  formal and inform al m ethods. This w as an im portant p re­

requisite to  the second m ore form al and structured phase o f  data collectioon. Since the study 

aim ed a t exploring arithm etic practices w ithin the activity o f  the participant, it w as im portant to 

d iscover the nature o f  the given activities, the form s o f  participation by the individuals and the 

socio-cultural context w ithin w hich the activities unfold, and over w hich they are distributed.

The Setting:

This research w as carried out in D elhi, the capital o f  India. T he site was chosen because 

o f  a large population  o f  w orking children that exists in this city. Children are em ployed in several 

d ifferent kinds o f  street-vending activities w hich necessitate the use o f  num bers and num ber 

representations and a variety o f  m athem atical skills.

India is a country o f  about 850 m illion people and is divided into tw enty-tw o states and 

nine union territories. The constitu tion o f  India has specified fifteen languages besides English 

w hich are used in the country, in addition to a  num ber o f  dialects. Every m ajor religion is 

represented  in India, w hich adds to  the cultural diversity o f  the nation.

The population  o f  w orking children in the union territory o f  Delhi is (conservatively) 

estim ated at 400,000, w hich is 18% o f  its total child population (Panicker &  N angia, 1992), 

though the 1981 census puts th is num ber even low er at 26,000. M ost o f  these ch ild ren  are 

m igrants, living alone or w ith their fam ilies, largely from  the neighbouring H indi-speaking states 

though there are m igrants from  other states as well. There is, how ever, an erroneous assum ption
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that all ch ildren in urban areas have the benefit o f  various services that exist in tha t environm ent, 

one o f  these being  education. In actual fact nearly 42.5 m illion children  in India live in dire 

poverty in the urban slum s (Sw am inathan, 1979).

W ith the attainm ent o f  independence in 1947, and the enactm ent o f  the constitu tion  o f  

India in 1950, universal elem entary education w as m ade a priority issue. A rticle 45 o f  the Indian 

constitu tion  states that "the S tate shall endeavour to  provide, w ithin a period o f  ten years from  the 

com m encem ent o f  this constitu tion , for free and com pulsory education for all children until they 

com plete the age o f  14 years." Efforts to  im plem ent this directive have been m ade through 

successive 5-year-plans. D uring the sixth 5-year-plan, enrollm ent in classes 1 to  5 was expected 

to  increase from  71 m illion to  82 m illion. Econom ic exigencies, how ever, p revent such plans from  

being put into practice. Fam ilies that can barely m ake ends m eet, need the hum an resource that 

the  ch ild ren  provide and therefore cannot afford to  send them  to school. In rural areas, children  

add to  the agricultural w ork force and help the ir parents w ith farm ing and household  work. In the 

urban areas, fam ilies having m igrated  to the cities in search o f  jobs, find it im possible to  cope 

w ith the expenses o f  living and again need the children as extra sources o f  incom e, how ever 

m eager they m ay be.

The A ctivities:

T he follow ing sections presents the inform ation gathered in the first phase o f  the study. 

T he focus o f  the investigations w as the practice o f  arithm etic w ithin the broader w ork activity, 

therefore th e  activities are described from  tha t vantage point.

1. Schooling.

D ata on schooling w as gathered from  tw o N .D .M .C . schools in the N ew  Delhi d istrict
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through:

1. C lassroom  observations,

2. Interview s w ith teachers,

3. Interview s w ith students, and,

4. Perusal o f  textbooks and study m aterials.

T he N ew  Delhi M unicipal Com m ittee is one o f  the governm ent organizations w hich runs 

a netw ork o f  schools in N ew  D elhi, and caters to the w orking class population  o f  the capital. It is 

from  w ithin this system  that the sam ple for the present research w as selected. This particular 

student population becam e the target o f  observation as it is roughly equivalent in socio-econom ic 

status to  the tw o w orking groups that the study focusses on, i.e the new spaper vendors and the 

cigarette sellers. C hildren from  both these groups who had attended school or are presently  in 

school w ere registered in the N D M C  schools. The schools are governed by the central board o f  

education , and follow  the syllabi laid dow n by the N ational C enter for Educational Research and 

Train ing. Rules governing the functioning o f  the schools, the curriculum , teaching schedules and 

the exam ination  schedules as well as the appointm ents o f  teachers and principals are centrally 

contro lled  and laid down. Though a num ber o f  factors com bine to  m ake each school unique in 

m any ways, the governm ent school is not an independent institution.

Schools are divided into prim ary, m iddle, secondary and sen ior secondary levels, and 

children  en ter school around the age o f  5, o r earlier, i f  there is a  nursery section in the school. 

B ecause o f  increasing num bers o f  students, m ost o f  these schools w ork on a  shift system , w ith the 

sen io r school functioning in the m ornings and the ju n io r school in the afternoons. T he m edium  o f  

instruction  is H indi, and arithm etic as a subject is introduced at the earliest levels. T he schools are 

co-educational and teachers are both m ale and fem ale. C hildren from  the fam ilies o f  daily wage 

earners, labourers, dom estic servants, drivers and low er level em ployees in governm ent services
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the state is obliged to  provide prim ary education, adm ission are given in o rder o f  application  on 

the basis o f  the num ber o f  places available in each school. Teachers and o ther functionaries 

associated  w ith the teach ing  and adm inistration w ithin the schools belong  to a h igher soc io ­

econom ic class than the student population that they cater to. The authority  that th is status and 

the ir position  w ithin th e  educational system  enjoins upon them  creates a pow erful dichotom y 

betw een the school au thorities on the one hand and the students and the ir fam ilies on the other 

hand.

A m ajority  o f  the parents o f  these students are unschooled or even illiterate and 

consequently  feel inadequate in m aking any decisions, nor are they given any opportunity  to 

participate in the functioning o f  the school o r to  com m ent on the teach ing  m ethods, courses o f  

study o r any o ther activity th a t goes on in the school. T heir interaction w ith  the school authorities 

is lim ited to  the child 's adm ission; though parents are often sum m oned by the principal o r the 

class teacher and appraised  o f  a child 's m isbehaviour, indiscipline or absenteeism . S tudents are 

consequently  tu tored  in explicit and in subtle ways about correct form s o f  speech, behaviour and 

com portm ent. T he legitim ate authority  o f  the expert w hich accrues to the teacher w ithin the 

classroom  leaves the student bereft o f  any confidence to  rely upon the ir personal experiences in 

dealing  w ith  the  form al d isc ip lines th a t are im parted to  them  in th is context.

Strict discipline is m aintained in the classroom s and the teachers role is that o f  an 

authority  figure w ho directs the teaching and the behaviour o f  the children. Each class consists o f  

up to  40  children, and in the tim e period o f  30 m inutes allotted to  each sub ject there is no tim e for 

d iscussion. F rom  grade 4 onw ards exam inations are conducted three tim es a year on the basis o f  

w hich students are prom oted to  the next class, though there are som e allow ances for a  child  to  re­

take the exam , i f  he or she has failed only a  single subject. O fficially students require 33%  m arks
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to  pass the exam ination, but in  practice the evaluation  is flexible and students are m arked in 

accordance w ith the perform ance o f  the class w hich varies from  one teacher to  another o r  also 

from  one school to  another.

T he D aily routine.

School starts at 7 .30 a.m . and ends at 12.30 p.m. for the m orning shift, and 1 p.m. to  6 

p.m . for the evening shift w hich m akes it a five-hour schoolday divided into 8 periods o f  h a lf  an 

hour each for academ ic activity, a half-hour lunch break and a m orning assem bly. C hildren  get 

one period a  day for m ost subjects but 8 periods a  w eek for both m athem atics and language. 8 to 

9 periods a w eek are reserved fo r gam es, yoga, library and m usic. C hildren are taught addition 

and subtraction  in class 1, m oving on to m ultiplication and division subsequently. A lgebra and 

geom etry are introduced in class 5 though concepts such as area and its m easurem ent are 

introduced earlier. O n an average, from  class 4 onw ards, science and m athem atics are taugh t by 

teachers w ho are specialists in these areas, w hereas the class teacher teaches language and social 

studies. C hildren  are therefore introduced to  the concept o f  the com partm entalization o f  

d iscip lines at an early stage and  it is a  rare teacher w ho actually takes the trouble to  m ake the 

ch ildren  aw are o f  the links betw een disciplines. A physical disjunction  betw een classes com es in 

the form  o f  a loud ringing o f  a bell w hich announces the end o f  each period; teachers m ove from  

one classroom  to another and the students put aw ay one set o f  books and notebooks and get 

started  on another. M athem atics is one such academ ic discipline, practiced in an allotted tim e 

period and quite rem oved from  anything else tha t the students participate in. The teacher is a 

figure o f  unquestioned authority  and all interaction and com m unication w ithin the classroom  is 

form ally conducted  by him  or her. Rules o f  classroom  behaviour dictate that students do not talk  

out o f  turn  or com m unicate w ith each other unless perm itted to do so. Thinking and w orking
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w ithin the classroom  is considered a  strictly individual enterprise and collective activity  in this 

space is strongly discouraged. T hese rules pertain  to  the teaching o f  all academ ic d isciplines. Co- 

curricu lar and ex tra-curricular activities are fashioned differently w here children have access to 

spontaneity  and free interaction: it is not surprising  that the gam es period is a firm  favourite with 

all children.

M athem atics classes are no different from  any other academ ic discipline and teaching is 

done by the lecture m ethod. C lasses are addressed collectively and problem s are w orked out on 

the b lackboard for the students to  copy. C hildren  are, in principle, allow ed to  ask questions, but 

neither is such activity encouraged nor do teachers have the tim e or the inclination to  answ er 

them . C lass tim e is spent in w orking out problem s w hich the teacher then corrects, but alm ost no 

d iscussion is allow ed. A great am ount o f  stress is laid on rote learning, and learning o f  procedures 

rather than  understanding is rew arded. T he m ain tools used by the children are paper and pencil, 

though in the earlier grades counting w ith fingers o r using tally m arks on paper is encouraged. 

Som etim es children are called  up to  the blackboard to  w ork out a given problem . The 

m athem atics syllabus for each year is covered by a  prescribed textbook and teaching is scheduled 

by the num ber o f  chapters to  be covered each term  rather than the level o f  understanding attained 

by the students. This is true o f  o ther subjects as well and children m ust go through the routine, 

irrespective o f  the ir integration  o f  the m aterial.

2 .N ew spaper V ending:

T he inform ation about new spaper vending and the new spaper vendors w as gathered by:

1. Interview s w ith new s paper sellers - both adults and children, interview s w ith suppliers, and an 

interview  w ith the ed itor and the m arketing  m anager o f  one m ajor evening new spaper.

2. O bservation  o f  the activ ity  o f  buying and selling  the new spapers through its several phases - 

p reparing to  buy, buying, selling  and post-selling.
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3. C lose in teractions w ith and observations o f  the larger netw ork and setting  w ithin w hich the 

vendors ex ist and operate. This included m eeting and visiting fam ilies o f  the w orking children  and 

observ ing  them  a t w ork and som etim es at home.

Tw o specific sites tha t w ere chosen for this phase are:

1. C onnaught P lace in central D elhi, w hich is a m ajor com m ercial centre, and

2. M oti B agh crossing  in South D elhi, an im portant intersection on the road leading to  the airport 

and several colonies in southern  Delhi.

T here w ere several reasons for picking these locations. Each o f  these centers is a m ajor 

ou tle t for the evening papers, w here large num bers o f  adults and ch ildren are engaged in the 

activity  o f  selling. A t both sites fairly large and cohesive com m unities are involved in the selling 

and an entry into the com m unity enabled  the experim enter to in teract w ith m em bers involved at 

various levels o f  w ork at the w ork site and in the ir homes.

D elhi has 5 m ajor evening papers - 3 H indi and 2 English ones. The 'D e lh i M idday1 alone 

prints about 22 ,000 copies on an  average. O f  this num ber about 15 to  20%  are d istributed  to 

institu tions and the rest are sold on the streets. There is no system  o f  hom e delivery  as in the case 

o f  the m orning new spapers due to  various constraints. The sales section o f  the new spaper targets 

certain  routes, for w hich several 'po in ts ' are picked for distribution. A num ber o f  sa lespersons are 

responsible for the d istribution  o f  the paper at each o f  these points. Senior haw kers co llect the 

papers from  the new spaper offices and it is from  these senior haw kers that the local vendors buy 

the ir copies for the daily sales. The new spapers are sold on a com m ission basis and all unsold 

copies are returned to  the new spaper office. T he new spaper vendors (the target population  for this 

study) en ter this process at the last level o r the last distribution point. They com e in contact w ith 

the sen io r haw kers from  w hom  they buy the ir stock for the day on cash  paym ent. T he deliveries 

start in the early afternoons, the first papers arriving around 2 p.m. T he street sellers congregate



35

in and around the po in t w here the papers are distributed. This is usually a  convenient central 

location  w here copies o f  all the  papers are picked up and from  w hich the sellers then fan out to 

ad jo in ing  areas m arked out as a profitable territory, w hich are usually m ajor intersections where 

the m om entarily  halting  traffic is targeted for sales, o r busy shopping areas w here there is a flow  

o f  pedestrian  m ovem ent. T he vendors buy the new spapers for a  fixed discounted price and sell 

them  for the prin ted  price w hich ranges from  1 rupee to  1.50 rupees.

T he vending sites are to  a large extent territorially  divided betw een ethnic com m unities. 

T he com m unities are com posed  o f  fam ilies having m igrated to  Delhi in the not so d istan t past, as 

a resu lt o f  w hich sim ilar ethnic and linguistic groups draw  together and live and w ork in the sam e 

areas. This enables the new er m igrants to  assim ilate m ore easily into th is big city, especially  as a 

num ber o f  them  are inter-related  or have had som e connections in the region o f  origin. The 

C onnaught P lace area is largely serviced by the Tam il com m unity housed in a jh u g g i jhom pdi 

co lony1 not far from  here. T he vending activity is carried on by both adults and children  and 

usually by several m em bers o f  the sam e family. Consequently  m ost children from  this com m unity 

w ho are em ployed in new spaper vending are accom panied by one or m ore adults and buying, 

se lling  and accounting  often ends up being a  jo in t venture. A lthough I did not have the 

opportunity  to  observe a  com plete novice being initiated into the trade during the period o f  my 

interactions w ith them , a novice to  expert hierarchy w as evident. The adults o r older children 

m ade the decisions on am ounts to  be purchased and num ber o f  copies to  be sold by each m em ber. 

It is usually  w om en and ch ild ren  w ho engage in this activity, the m en seeking em ploym ent as 

daily w age labourers o r in o ther slightly better paid jobs. A  num ber o f  these children  have som e

1 colonies established by migrants, comprising of large settlements of semi-permanent 
dwellings, on unauthorized land, usually highly congested and lacking most basic 
amenities.
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education  or are currently  in school and often they leave hom e as early  as 7 a.m ., proceed directly 

to  the vending site from  school and do not return hom e before 8 or 9 p.m.

T he other ethnic com m unity w hich dom inates th is activity  especially  in areas o f  South 

D elhi is a large m igrant population  from  R ajasthan, w hich is relatively new er to  the city. They 

also  w ork as fam ily units and share the responsibilities o f  buying and selling. M ost o f  the children 

have had no schooling at all and since they belong to  a  sta te w hich borders D elhi, they often  go 

back to  R ajasthan for m onths and then reappear in the capital. D uring the harvesting  or planting  

seasons in the agricultural regions o f  their state, w hen daily w age labour is needed for short 

periods o f  tim e, w hole fam ilies go back to w ork on the farm s and return  to  Delhi and get back to 

new spaper selling  when the farm ing is over.

A th ird  category o f  children  w ho participated  in th is study are m ore recent entrants into 

th is  activity. They are not linked to  a  particular ethnic com m unity and do not function  in fam ily or 

com m unity units, though som e w ork com m unity ties get established w ith the co-w orkers and the 

suppliers. T hese are children in the C onnaught P lace area, w ho com e from  a m arginally  h igher 

socio-econom ic class and have taken up new spaper selling  on their ow n initiative to  augm ent 

fam ily incom e and to  earn a little pocket m oney. They live in the C onnaught P lace area itself, and 

attend schools in the vicinity.

T he new spaper vending  w ithin the observed groups functions as a  d istribu ted  activity, 

and initiation into the activity is possible w ith very little training. It is usually a m eans o f  a 

support incom e and not the m ajo r supporting  w age for a family. It also  allow s participants to  take 

o f f  and re-enter the activity w ithout any m ajor d isruption and often fam ilies and individuals will 

go o f f  for days or m onths on a visit back to  the hom e town o r to take up tem porary but better 

paying jo b s  w hich are interm ittently  available. The new spaper vending seem s to  have provided 

som e m eans o f  earning a  livelihood for large groups who are brought into the capital as cheap
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m igrant labour, and rendered job less  as soon as the contracts are over. T he sen ior vendors, who 

earn a  com m ission on the num ber o f  copies sold, play a supportive and encouraging role, and are 

generous w ith the ir tim e, and any com putational help that vendors may require. P re-requisites for 

this trade are a  m inim al counting ability and som e know ledge and recognition o f  m onetary 

denom inations.

F or a novice to  participate in the practice o f  selling new spapers,it is enough to  know 

w hat her o r his investm ent is a t the purchase phase, and the selling  price o f  each copy. Beginners 

will start w ith one new spaper and a few copies only, before adding other new spapers and 

increasing the num ber o f  copies for each. Very young children  w ho accom pany the ir m others or 

o lder siblings are not required to  deal w ith the purchasing at all, but are often handed over a few 

copies o f  the paper w hich they are required to sell. G radually  the bulk  o f  se lling  increases, and as 

they becom e m ore fam iliar w ith the process o f  buying and selling  they can decide to  take on the 

responsibilities for the ir ow n purchases, and som etim es that o f  o ther m em bers too.

T he D aily Routine.

A round 1 p.m. the new spaper vendors arrive in groups to w ait for the sen ior vendors 

from  w hom  they buy the ir new spapers for the day's sale. U nsold copies, i f  any, o f  the day before, 

are b rought along to  be exchanged for the current days papers. The suppliers start arriving soon 

after, and by about 3 p.m . all the papers are delivered. Each sen ior vendor com es to  a p re­

designated  point and stations h im self there for 15 to  20 m inutes, during w hich tim e each vendor 

picks up his o r her share o f  papers for the day. T he interactions betw een buyer and seller go on 

rapidly and in a  cooperative and friendly m anner, w ith the latter cross-checking the am ounts and 

the com putations. T he senior vendors in each area are regulars and know  the ir buyers fairly w ell. 

Som etim es the vendors purchase papers on credit, and pay for them  only after having sold the 

papers, ju s t as they accept the papers very often w ithout counting them . V endors w hen questioned
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abou t purchases m ention the m onetary am ount tha t will be utilized rather than the am ount o f  

copies they are going to  buy, therefore preparations for buying are m ade accordingly. Thus when 

questioned as to  how  m any papers she w as p lanning to  buy, K anchan answ ers: ...I will buy 45 

rupees w orth  o f  E vening N ew s and 45 rupees o f  M idday, then w e distribute it ( she has a brother 

and sister w ho sell as well)'.

H O W  M A N Y  PA PER S W ILL YO U G ET FO R  RS. 45?
-I get 50 for 45 rupees
-W H A T  IS TH E PR IC E O F EA CH  PA PER TH EN ?
-well 10 papers cost 11.25 
-SO  H O W  M U CH  IS 1 PAPER?
-Its 1 rupee and som ething but I never buy 1 paper only.
- H O W  M U CH  W ILL Y O U  SELL IT FO R ?
-the price o f  the paper is 1 rupee 50 paise.
-SO  H O W  M U C H  SH O U LD  YOU G ET FO R  50 PA PER S?
-75 rupees.

K anta. a 12 year old who sells at C onnaught Place:
-W H A T  IS TH E C O ST  PRICE OF T H E M ID D A Y ?
-I buy 20 papers for 22.50.
-B U T  W H A T IS TH E PRICE O F 1 PAPER?
-well actually  a paper costs 1 rupee and 12 1/2 paise, but we never buy 1 
new spaper only, I usually buy M idday for 22.50 and Sondhya Tim es for 45 
rupees
-H O W  M U CH  D O  YOU SELL IT FOR?
-1 rupee 50 paise.

O f  all the vendors w ho w ere questioned about the cost price o f  the papers not a single 

one, adult o r child , responded by giving the price o f  1 new spaper. Prices w ere invariably given in 

units o f  tens, and often directly  related to  the quantity purchased by the vendor. V endors generally 

buy and sell a  fixed am ount, except w hen som e sensational event takes place and extra copies o f  

the paper are printed. As is evident from  these interview s, the selling  price is reported as per 

copy, since the m ajor part o f  the sellers activity tim e is spent in disposing o f  copies at that price.

T he vendors usually w ait for all the papers to  arrive before they set out to  sell them . They 

therefore sit around in groups, the adults ta lking to each other and the children engaged in som e 

gam e or another. W hen the sen ior vendors arrive one o f  the m em bers o f  the fam ily or group is
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handed  m oney by several others and he o r she will purchase and hand over each o f  the sellers their 

copies. A fter the last paper is delivered individual sellers spread out to  the ir fam iliar beats to  

peddle the ir papers, som etim es at a considerable distance from  this central point. Selling is 

cen tered  around busy thoroughfares, and often at very busy crossroads w here the target clientele 

is the population travelling  by cars, who will m ost often buy the English papers. Busy shopping 

areas like C onnaught P lace have a large pedestrian population, w hich becom es the target for sales 

transactions in th is area.

T he am ount o f  papers to be bought and sold is a decision that is not m ade on an every 

day basis, but over a  period o f  tim e tak ing  into account the locale (which determ ines the flow  o f  

traffic), and the vendors se lling  capacity. It usually depends on the am ount o f  m oney at the 

vendor's d isposal, and is determ ined for a fam ily unit, w hich m akes individual decisions 

redundant. A  sensational new s item breaks dow n these norm s as the dem and for papers goes up 

considerably . In such cases, it is the publishers w ho decide to  increase the num ber o f  copies, 

w hich are then given to the vendors for selling, and paym ents from  them  are expected only after 

the sales are over.

K anchan. (15 yrs.), A SK ED  H O W  M A N Y  PA PER S SHE B U Y S EV ER Y  DAY.
- I've 40 evening new s and 20 m iddays. T hat cost me 45 rupees and 22.50 for the 
m idday. That's how  m uch I spend every day. som etim es if  there's not enough m oney I buy 
less....
- H O W  D O YOU D EC ID E ON T H E D A Y S W H EN  TH ER E  IS A  S EN SA TIO N A L 
N E W S  ITEM  A N D  TH ER E  IS A  G R E A T  D EM A N D  FO R  T H E PA PER .
- W ell that's different.. W hen there is som e special new s, like w hen M rs G andhi was 
killed, w e sell hundreds o f  papers but we don 't pay for them . Y ou see the supplier on  such 
occasions lets us have extra papers and as soon as we sell these, we com e back to him  
w ith the m oney and he gives us more.

Selling on a daily basis on the o ther hand is geared to disposing o f  the lim ited num ber o f  

papers tha t the se ller already has, rather than trying to  sell as m any papers as possible. The 

urgency, in fact is to  break even i.e. to  recover the m oney invested, as additional copies can be 

returned in exchange for the next day's papers and do not involve a loss. Responses such as the
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fo llow ing w ere com m on:

Seth. 13 yrs.

...I've sold alm ost all m y papers...no, not all, but I have enough m oney. I've given 
the m oney to  my m other ..it's enough for tom orrow 's papers. I'm ju s t sitting  
dow n for a  w hile, its late now.
-W H A T  A B O U T  T H E  PA PER S Y O U  H A V EN 'T  SOLD ?
I'll try and sell them , o therw ise I'll exchange them  tom orrow , I'm tired, I don 't know  if  I'll 
sell any more.

Saviri. 12 yrs.

...It w as a  bad day today, a lot o f  m y regular custom ers d idn 't com e. I have enough m oney 
to  buy tom orrow 's papers. W ell m y father will be angry but its getting  dark  now... no one 
will buy now. The rest o f  them ? ... I'll exchange them  tom orrow , it doesn 't m atter... I don't 
have to  pay for them .

C alculations o f  the day's earnings are m ade on basis o f  the am ount o f  m oney in hand at 

the end o f  the day, instead o f  any com plicated  com putation o f  the cost price o r sa le price o f  the 

new spaper in question.

T he tw o phases w hich require num ber know ledge and com putational ability  are the 

purchase phase and the se lling  phase. The first, that o f  the purchase, can be and is tackled at 

various levels w hich are characterized by the follow ing hierarchy:

1. N o involvem ent at this level, i f  papers are bought by som eone else and only se lling  is required.

2. B eing given a designated am ount o f  m oney for a determ ined num ber o f  papers, in w hich case 

the vendor m akes the exchange w ithout being required to  do any com putation.

3. M aking the decision  for the am ount to  be bought, and carrying out the transaction.

4. T aking the responsibility  for others, m aking collective purchases and d istribu ting  the papers 

am ongst vendors.

T he selling  phase requires m ore than com putational ability  alone. T he com putational 

skills include:

1. K now ing the price o f  each paper,



2. Identifying each new spaper,

3. R ecognizing  denom inations o f  bills and coins, so that less m oney than the cost o f  the paper is 

n o t accepted,

4. C alcu lating  the change to  be returned to the custom er,

5. A dding  the to tal am ount earned after a days selling.

O ther skills that vendors d isplay and w hich are an aid to  selling  are:

1. Identifying prospective custom ers,

2. B uild ing  up a rapport w ith com m uters w ho are likely to  becom e regular custom ers, and,

3. U sing the right sales p itch to  persuade custom ers to  buy the papers.

Since m ost o f  the custom ers o f  the papers are passengers in m otor vehicles, the vendors 

are usually  handed the exact p rice am ount so as not to  risk  losing the change as the lights change 

and the vehicles m ove on. F or the sam e reason the m onetary units that these children have to  deal 

w ith  seldom  exceeds the sum  o f  5 rupees, and m ore often is confined to  2 rupees. O ccasionally , if  

the am ount involved is a sm all one, custom ers do not take back the change. V endors will very 

often  state that they do not have change, hoping that the custom er will not dem and it. H ow ever if  

they realize that the custom er is not w illing to  buy unless their m oney is returned they will 

p roduce it so as no t to  m iss the sale. The daily sales o f  each m em ber o f  the fam ily are in the range 

o f  20  to  30 rupees, and often th e  fam ily group puts the proceeds from  the sales together at the end 

o f  the day.

Partic ipation can therefore range from  a m inim al involvem ent w here a seller is involved 

only  in the selling, to  an involvem ent at all levels o f  decision m aking, keeping accounts, buying 

and selling. T he first case is usually represented by very young children w ho accom pany parents 

o r o lder siblings. They are usually  handed one copy o f  a new spaper and asked to  sell it, w ith 

specific instructions o f  how  m uch it costs. O n the o ther hand m ost older children, usually above 8
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to  10 years o f  age and all the adults handle their own purchases, sales and accounts. T he decisions 

fo r the  am ounts to  be bought are taken w ithin a fam ily unit, depending on the num ber o f  m em bers 

available and each m em bers track  record. Subsequently each o f  these m em bers m ust carry out the 

fo llow ing responsibilities:

a. purchase o f  a num ber o f  copies o f  each o f  the different new spapers,

b. verification  o f  the am ount spen t and the am ount o f  papers purchased,

c. occasionally  distribution and division o f  the papers betw een tw o or m ore m em bers o f  the 

fam ily (this w ill involve decisions as to who should receive how  m uch),

d. sa le o f  the papers for the evening - w hich involves determ ining the price o f  the paper, receiving 

an am ount and i f  necessary, g iving back change,

e. verification o f  the am ount earned and it's tally w ith the am ounts sold,

f. addition  o f  the am ounts, a count o f  the num ber o f  copies left over, i f  any, and finally,

g. se tting  aside the m oney for the next day's purchases.

3. C igarette and Paan Selling:

O bservations on this population  are based on:

1. Interview s w ith ow ners o f  several paan shops,

2. Interview s w ith children w orking at these shops,

3. O bservations o f  transactions betw een custom ers and the vendors,

4. O bservations o f  transactions o f  vendors w ith the w holesale suppliers w ho deliver stocks to  the 

vendors.

C igarette and paan selling  is a thriv ing trade, and every m ajor com m ercial and residential 

area has a  num ber o f  kiosks se lling  these and other related items. A lthough m any o f  these 

establishm ents are licensed and therefore have perm anent locations, there are m any m ore that do 

not have licenses and are tem porarily  set up so that they can be easily packed up and shifted if  the
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local authorities decide to  conduct investigations. U nlike new spaper vending the se tting  up o f  a 

paan shop requires a considerab le initial investm ent and som e am ount o f  know -how  o f  m aking 

paans as well as contacts with w hole-salers, suppliers etc. T he paan-shops are therefore rarely 

ow ned and run by the ch ildren  independently. C hildren w orking at these shops are either m em bers 

o f  the owner's fam ily o r em ployed on a  m onthly salary. Item s o f  sale include paans, paan m asala 

w hich is a com m ercially  m arketed  substitu te for paan and a variety o f  brands o f  cigarettes o f  

varying prices, and very often candy and o ther packaged food items. Som e o f  the larger 

establishm ents also sell cold drinks and tea, w hich adds to  the turn-over and the p rofit m argin 

considerably. S tocks are purchased from  w holesalers, and prices fixed at the established m arket 

rates. T here is som e am ount o f  flexibility on setting  the prices o f  item s that do not carry a printed 

price. Stocks are replenished as and w hen the need arises, and can range anyw here from  daily to  a 

w eekly supply. Shop is set up around 9 o r 10 a.m . and business goes on all day, depending  on the 

location.

The num ber o f  items sold , and consequently  the price range is far m ore varied than w hat 

the new spaper vendor deals w ith. T he stock o f  cigarettes ranges from  3 or 4 to  as m any as 8 to  9 

brands o f  cigarettes, each varying in price. C igarettes are sold either by packets or in sm aller 

quantities from  an open pack. B esides this, vendors stock an assortm ent o f  brands o f 'b e ed ie s ' - 

an indigenous, locally m anufactured  cigarette substitute. T hese again are sold in singles or by the 

packet. The paans vary in p rice depending on the ingredients used, though the variation  is not 

large. O ther articles sold are a variety o f  betelnut m ixtures and som etim es candy. B usiness is 

carried on at a  fairly brisk rate all day, lunch tim e and office leaving tim e being peak hours. Sales 

to  a custom er can  consist o f  a single paan o r a cigarette, to  a com bination o f  the tw o and 

occasionally  to  a larger num ber and com bination o f  items.

Daily sales can run into several hundred rupees, and vendors need to  deal w ith all



44

denom inations o f  currency ranging from  less than 1 rupee to  over a  100 rupees. T he com binations 

and perm utations are far m ore varied than w hat the new spaper vendors w ork w ith. T his group has 

to  constantly  deal w ith handing out change, w hich again varies from  one article to  ano ther and is 

now here as lim ited as w ith the new spaper vendors. Prices o f  single cigarettes vary betw een 50 

paise and over 2 rupees, and prices o f  packets o f  cigarettes from  4 rupees to  38 rupees o r even 

m ore and i f  im ported brands are sold. This occupation therefore necessitates a m uch greater 

flexibility  o f  arithm etic calculations, and presents a variety o f  com putational problem s to  the 

participants o f  the activity.

T he cigarette-sellers are a less hom ogenous population than the new s paper vendors.

M any o f  these children  have com e to D elhi, w ithout their im m ediate fam ilies, and live w ith  a 

relative or an acquaintance from  the village (Tuli, 1989). Subjects occupied in th is activ ity  fall 

into th ree broad categories:

a) those w hose fam ilies are involved in the trade and own a paan shop,

b) children  w ho have com e to Delhi in search o f  em ploym ent and are trained and hired by the 

ow ner o f  the shops, and

c) adolescents w ho have som e w ork experience o f  vending and have set up their ow n independent 

units.

The group character o f  this activity differs from both that o f  schooling and new spaper 

selling. V endors do not function  in physical proxim ity w ith o ther vendors though som etim es the 

ow ner or an older fam ily m em ber is present at the site. M ore often how ever each vender carries on 

the selling  independently, though expertise is acquired through apprenticeship, and ch ild ren  who 

ow n paanshops have w orked in other supervised jo b s before venturing out on the ir ow n. All the 

subjects interview ed in this phase could recognize and identify the price o f  every item  tha t the 

shop stocked. Identification is based on the appearance i.e. the color, shape and size o f  article



45

rather than  the printed inform ation available on all packaged goods.

H arish. a  12 year old seller, m ade the follow ing rem arks w hen asked how  he identifies the packet 

o f  G old Flake:

"Its easy to  recognize, I sell them  all the tim e... I suppose its the colour, it's gold  and red....yes the 

packet o f  C lassic is gold too, oh  but they don't look alike... I can m ake out at once, see the shape 

is also  different, the w riting is d ifferent too... N o I don 't read the nam e... W hy? I don 't really 

know , oh it w ould take me a long tim e then ...I w ouldn't be able to  sell i f  I had to  read each tim e I 

w as looking for a  d ifferent brand (laughs). In the beginning yes, I couldn 't recognize them  so 

easily  but once I had w orked fo r a few  days it was quite sim ple. W hy should  it be a problem , if  I 

give the w rong cigarette the custom er is not going to sm oke som ething he doesn 't want!"

A t m ost pan-shops there is a  continuous stream  o f  custom ers, but very little verbal 

interaction  was observed betw een the vendor and custom er about the purchase. Custom ers will 

ask for w hat they need and hand the m oney to the paanw ala, w ho then hands out the com m odity 

and change if  necessary. N one o f  the sellers w ere observed to be using a paper and pencil for 

calculations during selling, though a m ajority o f  them  can read and w rite, but a num ber o f  them  

did verily  to tals w ith the help o f  paper and pencil, when m aking purchases from  w holesalers. The 

presence o f  the custom er is a constant check on the price as well as the change that the vendor 

returns, and though there is no supervisory presence in the form  o f  peers o r cow orkers, 

responsibility  o f  calculation is jo in tly  shared by the se ller and the buyer unlike the classroom  

situation.

Selling o f  goods form s the m ajor part o f  the paanw alla 's activity, and  although m ost o f  

them  do not m ake the u ltim ate decision o f  w hat level o f  m onetary investm ent is to  be m ade when 

stocks are bought, they do participate in the actual buying o f  stocks w here prices need to  be 

determ ined and paym ents m ade. Purchase o f  stocks is done either at a neighbouring w holesale
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o u tle t o r sa lespersons for each com pany routinely stop by the shops to  supply the needed  goods. 

A ll ca lcu lations at th is stage involve both the supplier and the seller, and since the relationship  

betw een supplier and the vendor is fairly perm anent and a  long term  one, transactions are carried  

on  w ithin a m utually  trusting  context. B uying o f  bulk stocks involves large sum s o f  m oney, and 

observations revealed  that in m ore than 90%  o f  the interactions use o f  paper and pencil w as m ade 

fo r the calculations, o r at least to  keep an account o f  the num ber o f  item s and the total am ount 

spent. T he external aids available to  the paanseller are the currency notes and coins as well as the 

array  o f  articles each w ith its d istinct appearance and in som e cases the prin ted  price.

T he D aily Routine.

T he paanshops in D elhi start functioning any tim e betw een 8 a.m . and 10 a.m . O w ners 

and em ployers start the ir day around this tim e, w hen the w ares are laid out and arranged, ready 

fo r the sa les to  begin. T he activ ity  at the site consists largely o f  catering  to  custom ers - preparing 

and  selling  paans or cigarettes and o ther paraphernalia that the store stocks. A  large proportion  o f  

the custom ers buy cigarettes in ones o r tw os, therefore sellers are constantly  opening  up packets 

o f  d ifferent brands o f  cigarettes and then handing them  out. Peak activity  periods d iffer from  

season  to  season, and from  one location to another, and paanw allas will do the ir purchasing when 

the flow  o f  custom ers slow s dow n. In the course o f  the day, at the bigger and m ore estab lished  

paanshops, agents will arrive w ith supplies from  different com panies. T he goods required  are 

purchased  and further orders placed. The less busy tim es o f  the day are also  used for checking  out 

stocks and m aking a  note o f  w hat needs to  be replaced. Som etim e during the course o f  the day a 

tr ip  is m ade to  the w holesalers to  replenish stocks. This is done usually  by the ow ner but 

som etim es by a trusted  em ployee, but all transactions w ith the w holesalers are recorded by w ay o f  

bills sta ting  quantities, prices etc. A t the shops w here children  are w orking for a fam ily 

establishm ent, w ork w ork tim ings are less rigid but w here children  w ork as paid em ployees,
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tim ings are fixed and fairly long. They are expected to  be a t w ork from  the  tim e o f  opening 

betw een  8 to 9 a.m . to  closure tim e w hich varies betw een 6 to  7 p.m . and can  be as late as 10 or 

11 p.m . in  areas w here there is a  lot o f  late evening activity, for exam ple in the vicinity  o f  

restaurants, a t the entrance o f  cinem a halls etc.

T he w orld o f  the children  w orking at the paanshops is peopled m ostly  by adults w hether 

it is the ow ner o f  the establishm ent, the w holesalers from  w hom  the buying is done or the 

custom ers. T he m athem atical functioning w ithin this contex t is distributed  and does not becom e 

the sole responsibility  o f  the single vendor. These figures ac t as a  check on the vendor's efficiency 

as m uch as a support system  w hich is readily and easily accessib le for a sm ooth function ing  o f  the 

practice o f  selling.

Overview.

T here are tw o m ajor d istinctions between the th ree activities described here: one w hich 

groups together the vending activity  as d istinct from  school activity  and two, the distinction 

betw een the tw o kinds o f  vending itself, on the basis o f  w hich the ir m athem atical involvem ents 

and experiences differ.

For the school children, the social context available for the practice o f  m ath is 

predom inantly  the classroom  peopled by peers and the teacher. T he cultural artifacts availab le are 

the too ls o f  trade o f  all school children: text books, notebooks and w riting m aterials.

T he distinction betw een the tw o vending activities is one o f  degree, both groups 

function ing  w ith o r w ithout som e schooling in an econom ic activity. The settings are inform al and 

peopled  by a netw ork o f  participants, each o f  whom  has a stake in the sm ooth and successful 

function ing  o f  the activity. Participants are the w holesalers, the vendors (our sam ple), cow orkers 

in the vending practice and the custom ers with w hom  the econom ic exchanges take place. The
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cultural artifacts available to  the vendors are the item s to  be handled and sold, and the 

denom inational units o f  currency w hich form  the functional un it o f  w orking w ith  the prices and if  

utilizable, the orthographic representation  o f  the prices fo r item s like packets o f  cigarettes and the 

new spapers. T he structure and  functioning o f  the tw o vending activities how ever is d ifferent in 

several ways. T he cigarette sellers as com pared to  the new spaper vendors, handle a large variety 

o f  se lling  items, the prices o f  w hich range from  item to item  and som etim es w ithin varieties and 

sizes o f  the sam e item. They have well defined w orking hours w herein a  continuous flow  o f  

custom ers regulates the pace o f  the transactions w hereas the pace o f  the activity in the case o f  the 

new spaper sellers is determ ined w ithin loosely defined lim its by the individual seller, w ho sets 

targets according to  the num ber o f  papers to  be sold, and closes shop w hen tha t is over. N o  single 

item  in new spaper vending costs over 2 rupees, and only a rare custom er buys m ore than 1 copy 

o f  the sam e paper, o r m ore than 1 new spaper at the sam e tim e. C igarette selling  activity, even o f  a 

very lim ited kind, deals w ith at least 10 to  12 item s o f  varying prices w hich on a m inim um , range 

betw een 50 paise to  12 to 15 rupees.

T he setting  w ithin w hich the school children function has form ally defined roles o f  

student and teacher and the rules for functioning w ithin th is system  are explicitly  laid down. W hat 

needs to be underlined how ever, is that the sam ple o f  school ch ildren  included in this study is 

representative o f  a standard  o f  schooling provided for a  particular socio-econom ic class: tha t o f  

the w orking children  in the tw o activities that the study focused upon. The ch ildren  serviced by 

these schools are largely first generation literates, com ing from  hom es w here an educational 

degree is increasingly viewed as a  passport to  jo b s  and to  social status. T he schools observed are 

how ever not representative o f  all categories o f  schooling since D elhi boasts o f  som e o f  th e  best 

schools in the country. These fall broadly into tw o categories: governm ent schools and private 

schools. It is largely the private schools that ca ter to  the education  o f  the elite classes, w hile the
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governm ent schools ca ter to  the low er socio-econom ic sections o f  the society. Though it is 

d ifficu lt to  generalize across the board, it is broadly accepted that to  get a  good education, one has 

to  look to  the private schools, w hich though expensive, provide a level o f  education , that the 

governm ent schools do not seem  to be capable o f  providing. The N .D .M .C  schools in N ew  Delhi 

fall under the second category and are a typical exam ple o f  this kind o f  schooling.

T he attitudes o f  the teaching s ta ff  to  the students and to the process o f  teaching is 

lackadaisical, to put it mildly, and the m otivation to  teach seem s to  be by and large, m issing. A 

rem ark  m ade by one o f  the teachers seem s to sum  up this attitude "...these children  are a 

nuisance, you see they have no concept o f  education... they com e from  hom es w here the parents 

are to tally  illiterate, they can 't even look after their books, there's no one to guide them  w ith their 

hom ew ork... it's very d ifficult to  cope w ith them ." This lack o f  m otivation is m ore than evident in 

the function ing  w ithin the schools, and the behaviour o f  the teachers in the classroom s. O n several 

occasions the teachers w ere m issing from  the classroom s having left the students to  carry on  with 

som e tex t book exercises they are required to  w ork out in the absence o f  any guidance. This was 

often  the case during a m athem atics class and consequently  i f  the students needed any help there 

was no-one to  turn  to. Since the m ajority o f  the children attending these schools com e from  a 

low er class w orking population, the teachers have scant regard for them  and trea t them  in a 

patron izing  m anner or w ith outright disdain. N o effort is m ade to integrate the personal lives and 

the out-of-school experiences o f  these children to  the ir understanding o f  a school curriculum .

Som e o f  the w orking children w ho w ere enrolled  in the school and w hose acquaintance I had 

m ade in the course o f  the study, especially  requested me to  not show  any signs o f  recognizing 

them  in the presence o f  the teachers. They explicitly stated that if  the teachers get to  know  o f  their 

involvem ent in street vending they are ridiculed and m ocked at publicly  and becom e a butt o f  

jo k es and insults by the teachers. Ironically, instead o f  using their street experiences as a  source o f
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strength  and a  starting  po in t fo r the understanding o f  num bers, currency and its usage, the 

ch ildren are m ade to  feel asham ed o f  being anything o ther than schoolchildren  and to  therefore 

shu t out any m eans o f  understanding and com prehension w hich could  becom e an entry po in t to 

the school curriculum  for them . They are, in effect, forced to  decontextualize the experience o f  

school learning and to keep it from  being tain ted  by any personal reference.

T he m ath classes, as explained earlier, follow  a se t routine based on the prescribed 

syllabus. T he teaching o f  arithm etic as it proceeds in this atm osphere is a  rigid and painful 

experience rather than a process o f  discovery and learning. C ounting and num ber enum eration  is 

one o f  the first activities on the school agenda, and is drilled into the children w hether or not they 

are ready for it. P rescribed textbooks for each school year set out the courses to be covered and it 

is the responsibility  o f  the class teacher to m ake sure that the annual requirem ents are m et. The 

school authorities expect the courses to be taught according to the set schedules and therefore if  

anyone needs to  suffer it is the children, w ho are inundated with facts and figures w ithout any 

consideration  o f  the ir capacities o f  understanding or their levels o f  cognitive developm ent. There 

is a  great em phasis on rote learning and m em orization is accepted as an apt indicator o f  

understanding. It is in such a contex t that one has to understand the arithm etic activity  o f  these 

ch ildren  and to  in terpret the ir ways o f  dealing  w ith the m ath problem s that were presen ted  to  them  

in the course o f  th is study. T he goal o f  the activity in a m athem atics classroom  is to  solve each 

given problem  correctly, and the m otivation com es m ore from  the terro r o f  punishm ent and 

ridicule, ra ther than som e higher m otivation o f  becom ing adept a t the task  o f  do ing  m athem atics 

as a p recursor to  o ther m ore rew arding activity. T he focus is on finding the correct operations and 

procedures to  solve problem s rather than developing a conceptual understanding o f  the 

operations, the ir properties and the ir relationship  to  numbers.

In short, the practice o f  m athem atics rem ains external fo r the school child  w ho has very
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little o r no control in defin ing e ither its subject m atter o r the ways and m eans by w hich it is 

incorporated  into his o r her cognitive aw areness. A s participants they have to  grope to  find its 

connections w ith a real w orld and  to  find ways o f  internalizing th is experience. F or the  vendors on 

the o ther hand, m athem atical functioning is w oven into the contex t o f  the ir everyday practices, 

w here problem  solving is not an  end in itse lf  but a  m eans to  o ther goals on  w hich the ir existence 

as livelihood earners depends.

T he theoretical approaches and the literature surveyed in the earlier chapters together 

w ith the ethnographic observations o f  th e  three activities and the ir participants provoked the 

research  questions and hypotheses outlined below. T he subsequent chapters deal w ith the research 

tha t attem pted to  answ er these questions and to verily  the hypotheses.

R E SEA R C H  Q U EST IO N S:

1. I f  num ber developm ent is a universal phenom enon, is the understanding o f  num ber devoid  o f  

contextual overtones?

2. H ow  and why is num ber understanding and w orking w ith num bers facilitated by the 

understanding and practice o f  w orking o r schooling?

3. W hat could be the defin ing features o f  school learning o f  m athem atics w hich d istinguish  it 

from  learning o f  m athem atics outside o f  school o r v ice-versa?

4. Consequently , w hat are the experiences o f  learning m athem atics in school or out o f  school that 

account for observed differences? and,

5. A re the broad categories o f  "school m athem atics" and "out-of-school m athem atics" justifiab ly  

categorizable? W hat are the d ifferences that m ight m anifest them selves in d ifferent practices o f  

m athem atical activity outside o f  school that an analysis o f  such activ ities m ight reveal?



H Y P O T H E S E S :

1. C hildren  in the absence o f  schooling  and form al transm ission o f  m athem atical skills will 

dem onstrate  an ability  to  deal w ith num bers and m athem atical form ulations w hen they are 

engaged in activities w here such skills are practiced.

2. T hat the experience o f  m athem atics in the context o f  the three activities described will 

influence the participants' ways o f  dealing  w ith  num bers and m athem atical problem  solving 

w ays that relate to  these activities.

3. T herefore, that differences will be observed in the com petence and strategies o f  solving 

m athem atical problem s between:

a. the school children and children  involved in vending practices, w hether they are 

schooled or unschooled, and

b. the participants o f  the tw o vending practices as a function o f  the characteristics 

associated  w ith each o f  these practices.



CHAPTER 6.

PH A SE 11.

T his phase focussed  on a  sam ple o f  48 children selected after the initial observations.

Tw o to  three interview  sessions w ere conducted w ith each subject. The first was an inform al 

session, used for es tab lish ing  rapport and for subjects to ask questions and get clarifications 

regarding the  interview s and the interview ee. The new spaper vendors enjoyed this session, and the 

least questions, not surprisingly  cam e from  the schoolchildren.

T he second session consisted  o f  an interview  w here dem ographic inform ation abou t the 

subject was ob tained (see tab le  1), as also som e inform al inform ation about the ir involvem ent, 

know -how  and level o f  participation  in the activity. This session was also used for the prelim inary 

tasks i.e.counting, o rthographic know ledge o f  num bers, and m ath facts. T he last session 

concentrated  on  the experim ental tasks i.e. arithm etic operations, m ultiple operations, profit and 

loss problem s and a proportions problem .

For 9 o f  the paanw allas, the sessions had to be lim ited to  two, as they have a long and 

busy day w ith  hardly any breaks. T he day starts early and ends late, therefore it seem ed easie r not 

to stretch the  sessions. T he 5 paanw allahs w ho w ere available for longer periods w ere those 

w orking w ith o ther fam ily m em bers. In fact the size o f  this sub-sam ple w as confined to  14, firstly 

because there are few er ch ildren  em ployed in this trade, and secondly, since they are m ore often 

em ployees, they did not have the freedom  and flexibility enjoyed by the new spaper vendors, and 

em ployees w ere not w illing to  give them  tim e o f f  for the interviews.

SAM PLE.

T he sam ple used for th is study consisted o f  18 school children, 14 paanw allahs/cigarette 

sellers and 16 new spaper sellers. The paanw allahs and new spaper sellers w ere approached at their
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site  o f  work, and interview ed in  the vicinity o f  the ir w ork area. T he schools from  w hich the school 

sam ple w as derived w ere chosen  as a consequence o f  the com position o f  the student com m unity, 

w hich w as m atched to  the o ther tw o population groups in term s o f  age and socio-econom ic status. 

T w o schools in the C onnaught P lace area, w here som e o f  the new spaper sellers had been students 

o r w ere currently  registered w ere finally targeted, and 18 students w ere selected in a  p re­

determ ined  random ized o rder w ithin a specific age range and sex ratio.

T able 1 gives dem ographic details o f  all three population  groups, henceforth  referred to 

as SC - school children, PW  - paanw allas and N P  - new spaper vendors.

TA B LE 1.
B iographical details o f  the th ree population  groups.

SC PW N P

A G E: M  =  11 M =  13 M =  12.8
(m in .8 ,m ax .l6 ) (M in .9 ,m ax .l5 ) (M in. 11,m ax. If

SC H O O LIN G : M ean =: 6 yrs. M ean =  4 yrs. M ean =  3 yrs.

W O R K  EX PER IEN C E: 0 M ean =  3 yrs. M ean =  5 yrs.

SEX:
Fem ale: 7 0 7
M ale: 11 14 9

O RIG IN :
D elhi: 5 4 3
O ther States: 13 10 13

M O T H E R  TO N G U E:
Hindi: 18 13 4
O ther: 0 1 12

ED U C A TIO N  O F FA TH ER :
Som e Education: 12 1 0
N o  Education: 6 13 16
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TA B LE 1. (continued)
B iographical D etails o f  the three population groups

E D U C A TIO N  O F M O TH ER : 
Som e education:
N o  Education:

2
16

0
14

0
16

O C C U PA TIO N  O F FA TH ER :
Farm ing: 0 7 4
Salaried: 14 7 5
V ending: 0 0 5
Other: 4 0 0

O C C U PA TIO N  O F M O TH ER :
V ending: 0 0 9
H ousekeeping: 7 8 5
O ther: 11 6 2

T he T asks and procedure:

O bservations from  the  first phase o f  the study revealed that there w ere no specifically  

new spaper-like arithm etical problem s as opposed to  problem s that w ere specific to  the cigarette 

and paan selling. In both types o f  vending a sum  o f  m oney w as received, the vendor calculated  the 

price o f  the item  and change w as returned to  the custom er. In both cases the external and visible 

tools available to  the vendor w ere: the notes o r coins at hand, the item o r item s to  be sold, and the 

custom er as a  check on w hether the calculations had been correctly carried  out. A t no point did 

the vendor have to  m athem atically  figure out the prices. They did how ever have to  identify the 

item s; in the case o f  the new spaper sellers the specific new spaper and in the case o f  the 

paanw allahs the brand o f  cigarettes asked for, and to  identify the correct price for each.

A rithm etic com petence that is necessary for both types o f  vending activity  includes the 

operations o f  addition and subtraction. The operation m ost frequently  used in the course o f  both 

k inds o f  se lling  is that o f  subtraction, when change has to be given to  the custom er. A ddition  and
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m ultip lication are called  upon w hen m ore than one item  is sold. T he new spaper sellers can 

operate w ithout ever using d ivision, and paanw allahs m ay use it w hen determ ining the p rice o f  

one item  w here the price o f  the collective quantity is know n. T herefore the difference in arithm etic 

com putations is one o f  degree: the paanw allas use the operations across a greater variety  o f  

num bers, use them  m ore frequently, and need to  com bine them  m ore often than the new spaper 

vendors.

All interview s for the new spaper sellers w ere carried out in the vicinity  o f  the w ork site, 

the school children  w ere interview ed w ithin the school prem ises, w hereas the new spaper sellers 

w ere in terview ed both  at the w ork site and in the ir hom es. Interview  sites for the w orking 

popula tion  w ere neither noise-free nor distraction-free. Though efforts w ere m ade to  find a quiet 

spot, it was necessarily  in a public area, w here curious passers by w ould often stop to  observe or 

ask w hat we w ere doing. Subjects w ere com fortably seated  and som e paper and a  pencil was 

provided to  every subject w ith the instructions that they could  use it i f  they so desired.

Interactions w ith the school subjects w ere carried on in a relatively qu ie ter environm ent, usually 

an em pty classroom . W ritten records as well as audiotapes o f  the interview s w ere m aintained.

Prelim inary Interview

G eneral Inform ation

This was done in two parts: the first consisted o f  a  set o f  autobiographical questions 

perta in ing  to  each su b je c t . T he second part consisted o f  questions related to  the subjects level o f  

participation w ithin h is o r her activity .(A ppendix 1)
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C ounting

Subjects w ere asked to  count up to  500. This w as used to  determ ine fam iliarity  w ith 

num bers and know ledge o f  the  conventional num ber system . I f  a  sub ject hesitated  she was 

encouraged to  go on. I f  and w hen subjects stated  that they couldn 't count any m ore having 

stopped at a particu lar num ber, an attem pt w as m ade to  uncover any non-conventional system s 

that w ere being used for e.g. i f  a subject stopped at 30, the experim enter w ould ask  "H ow  m uch is 

30 and 1?" etc. The num ber counted  up to, and the system  o f  counting  w as noted for each  subject.

R ecognition o f  w ritten num erals

D uring the prelim inary interview s an effort w as m ade to  assess each subject's know ledge 

o f  the orthography o f  the conventional base ten system . Subjects w ere required to  identify  the 

fo llow ing num bers presented  on cards m easuring 2" * 2" :

a. num bers from  1 to  10.

b. four m ultiples o f  10, and four m ultiples o f  5 picked a t random  from  am ong num bers

betw een 10 and 100.

c. Ten num bers betw een 10 and 500 other than m ultiples o f  5 and 10.

A strictly standardized system  was not follow ed, as som e subjects w ere well versed w ith 

the system  and could read and w rite num bers w ith ease w hereas o thers had d ifficulty  recognizing 

num bers beyond 10. R esponses w ere classified on the basis o f  w hether subjects could  recognize 

num bers up to  10, 50, a  100 o r 500. Som e subjects w ho could  not read all num bers fluently, 

nevertheless had no problem  recognizing 10's and 100's, o r som etim es m ultiples o f  5's. Larger 

num bers w ere introduced on the  basis o f  com petence w ith sm aller num bers.
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C urrency Identification

Form ulated  on the m odel o f  the currency identification task  used by Saxe (1990), 

subjects w ere asked to  identify com m on denom inations o f  coins and bills. The coins used were 

lOp, 20p, 25p, 50p and the 1 rupee coin. B ills consisted o f  2, 5, 10, 20 and 50 rupee notes.

Final Interview:

A  final interview  w ith each sub ject was conducted, w here the set o f  experim ental tasks 

was presented. Tw o research assistants, both psychology graduates from  Delhi university  assisted 

the m ain experim enter in this phase o f  data  collection. All the interview s w ere conducted  in 

H industani. A verbatim  report o f  subjects' responses w as recorded. Behaviours related to  problem  

solution  and any use o f  paper-pencil, o ther paraphernalia o r finger counting  w ere recorded as 

well. V erbal responses w ere audiotaped only w hen it w as not possible to  keep track o f  them  in 

w riting. All problem s w ere orally  presented  to  the subject, and except for the m ath facts, the 

follow ing procedure w as follow ed: Subjects could  ask for any clarifications, ju s t as they could  ask 

for the question  or any part o f  it to  be repeated. N o tim e lim its w ere set for each problem , and the 

next problem  was tackled w hen the sub ject gave an answ er or expressed her o r his inability to 

tackle the question  and did not w ant to  deal w ith it even after som e encouragem ent from  the 

experim enter. Subjects w ere encouraged to  ta lk  out the solution to  the problem  and i f  they w ere 

unable to  do so, w ere asked to  explain w hat they thought of, w hile finding the solution.

M ath Facts: (A PPEN D IX  2)

S tudies carried out in the U .S. often  use m ath facts as an indicator o f  m athem atical 

p ractice since it is a com m on feature o f  schooling  in the U .S.; the only equivalent o f  th is kind o f  

activity  w hich is required o f  children  in schools in Delhi is the use o f  the m ultip lication  tables.
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H ow ever, in observations o f  the w orking children it was noted tha t frequency o f  w ork ing  w ith a 

set num ber o f  prices and denom inations o f  m oney allow ed them  to  retain certain  com putations as 

m ath facts. A ccordingly, a total o f  66 problem s w ere constructed: 22 addition, 24 subtraction  and 

20 m ultiplication. F or each  operation, problem s contained either single digits o r double digit 

num bers, w hich either did o r did not correspond to  a m onetary denom ination. D ivision problem s 

w ere excluded as these could  not be conveniently phrased in H industani, and therefore gave the 

sub ject am ple tim e for w orking out, w hich m ade it d ifficult to  categorize as m ath fact.

Problem s w ere orally posed, and correct responses w ithin 3 seconds w ere given a  score o f

1. T he score for each operation  is the total o f  correct responses. T herefore possible m axim um  and 

m inim um  scores are as follow s:

A ddition  - M axim um :22, M inim um :0

Subtraction  - M axim um :24, M inim um :0

M ultip lication  - M axim um :20, M inim um :0

T he Four A rithm etic O perations. (A PPEN D IX ES 3a T O  3d)

T hese consisted o f  w ord problem s w ithin the four arithm etic operations o f  addition, 

subtraction , m ultip lication  and division. For each operation eight w ord problem s w ere presented, 

each o f  w hich w ere phrased in the language w hich was com m on to som e school textbooks and 

textbooks designed for non-form al educational program s for out-of-school learning. T he use o f  

these problem s in non-form al education im plies that both the language for phrasing  the problem s 

and the contexts and the situations are fairly com m on to the lives o f  ch ildren  in o r ou t o f  school.

T here w as a total o f  32 problem s for the four operations. F or each operation  a set o f  4 

'fam iliar' num ber problem s and a set o f  4 'unfam iliar' num ber problem s w as presented  in an order 

o f  increasing difficulty. T he fam iliarity- unfam iliarity dim ension w as determ ined on the basis o f
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the observations and interview s from  the first phase. N um bers w ere rated as fam iliar i f  they 

corresponded to  a  com m only used m onetary denom ination since both groups o f  w orking children  

w ere continuously dealing  w ith these. N um bers frequently used by the new spaper sellers w ould be 

used by the paanw allahs but no t vice versa, therefore num bers considered fam iliar for the first 

group w ere the ones used in the construction  o f  the problem s. In the school situation all num bers 

are equally  privileged in w hich case this d im ension does not in principle hold  for th e  school 

context. How ever, since the currency is decim al based, an understanding o f  the w orkings o f  the 

decim al system  should render these num bers m ore easily m anipulable to  the school children  as 

well.

R E P H R A SIN G : (A PPEN D IX  4)

A second level o f  fam iliarity  was introduced in the m ultiplication and division  problem s, 

w hen quantities w ere rephrased in term s o f  m oney, new spapers or cigarettes etc.

Responses to  each problem  w ere scored as follows:

2 =  Correct,

1 =  Partially correct, and,

0 =  Incorrect.

I. A  response was scored correct (2) in the follow ing cases:

1. T he question w as posed, the subject w orked it out and gave the correct response.

2. T he subject gave an incorrect answer, but spontaneously corrected  it..

3. T he subject, in explain ing the procedure, spontaneously realized the m istake and 

corrected  it, and,

4. The subject had an incorrect representation o f  any o f  the num bers, the experim enter 

repeated the correct num bers and consequently  the subject realized the m istake and
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corrected  it. H ow ever i f  after a repetition, the subject did not m ake a correction , the 

problem  w as not scored 'correct'.

II. A  score o f  1 i.e. partially  correct was given when:

1. T he subject could carry out at least part o f  the com putations correctly for e.g. in adding 

102 +  145 + 2 2 4  if  the  subject responded w ith 102 +  145 =  247, and 247 +  124 =  371.

2. In the case o f  a m ultip lication  problem  o f  the follow ing kind: 12 * 8 the subject 

responded by '..12+12 is 24, 24+24 is 48, ...well 4 tim es 12 is 48, it has to be added but I 

can't do any m ore. I f  th e  subject started adding 12's and gave up halfw ay th rough w ithout 

explicitly stating  either w hat the procedure was, o r the partial solution the problem  was 

scored as incorrect.

III. A problem  received a score o f  0 w hen the subject:

a. gave an incorrect answer, and m ade no attem pt to  correct it even in the course o f  

explaining the procedure.

b. m ade som e attem pt to  solve the problem  but gave up w ithout attem pting to  arrive at 

the solution and could  not explain the procedure, and

c. m ade no attem pt to  solve the problem  with or w ithout any explanation o f  the reason for 

abandoning it.

S TR A TEG Y  AN ALY SIS: (A PPEN D IX ES 5a to  5d.)

Strategy here is used accord ing  to  the definition proposed by Siegler, as " a n y  procedure 

tha t is nonobligatory and goal directed" (1989, p .l 1) and distinguished from  procedures in that 

they represen t a single way to  achieve a goal. Research in various areas o f  problem  solving 

indicates tha t children use m ultiple strategies (R eder,1987; S iegler, 1988) and that decisions about 

efficient strategy use com es m ore from past strategy use rather than any cognitive m eta-
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assessm ent o f  the usefulness o f  strategies (S iegler 1988). N o t only children but adults exhibit a 

m arked contrast in the ease and  efficiency w ith w hich strategies are selected for a fam iliar 

p roblem  as com pared to  an unfam iliar problem  (Siegler, 1989).

H aving established th e  accuracy scores, a further analysis w as carried out to  observe the 

strategies children use for the solutions o f  problem s spanning the four arithm etic operations o f  

addition , subtraction, m ultip lication  and division. G iven that sim ilar levels o f  cognitive 

functioning m ay be attained as a result o f  varying experiences, the strategies tha t ch ildren use 

w ould also be expected to  vary depending on the particular practices that they engage in. The 

categories used for the analyses are derived from  Pettito (1979). This was follow ed by an analysis 

o f  errors m ade by subjects in the three groups (A ppendix  6).

C om bined O perations involving change: (A PPEN D IX  7)

V ending activity  characteristically  involves the use o f  m ore than one operation  in both 

the buying and selling  phases. W hen a custom er approaches a  paanw alla for instance, and asks 

for 'o n e  paan and one four square cigarette1 the paanw allahs calculations would have to  take the 

follow ing course:

- the cost o f  1 paan is 1 rupee,

- the cost o f  the cigarette is 60 paise,

- 1 + 6 0  adds up to  1 rupee 60 paise,

- the custom er gives m e 2 rupees,

- 2-1.60 =  40 paise.

This sim ple interaction  involves determ ining the price o f  the two item s, adding them  up, 

sub tracting  that from a larger am ount and calculating  the result. T he new spaper se llers are not 

called  upon to  do this very often, but for the paanw allahs it is a routine interaction. Problem s
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involving com bined  operations are also  part o f  the school curriculum . E xam ples o f  problem s 

from  a C lass V  tex tbook  are given below:

1. S ubtract the d ifference o f  2 .49 and 8.436 from  the sum  o f  12.3 and 21.97.

2. A  sm all bottle o f  ja m  holds 0 .750 kg. o f  jam . H ow  m uch ja m  will there be in

20 such bottles?

T his task  differed for all three groups, since problem s w ere posed in term s o f  prices o f  

item s and the  change to  be returned. The problem s posed to  the paanw allahs w ere posed in term s 

o f  d ifferen t brands o f  cigarettes, for the new spaper sellers in term s o f  prices o f  d ifferent 

new spapers and for the schoolchildren  in term s o f  item s fam iliar to  them  for e.g. school supplies, 

ice-cream  etc.

W hile problem s in th is  dom ain w ere presented to  the tw o vending groups orally, the 

school ch ildren  w ere presented  with a w ritten list o f  prices to  be w orked upon. This w as done to 

reduce the m em ory load on the school children, since the w orking groups already knew  the prices 

o f  the item s asked for. F or exam ple w hile a  new spaper se ller does not need to  be rem inded  o f  the 

p rice o f  a 'M idday ' w hen asked to  calculate the price o f  3 m iddays, a  school child  asked for the 

p rice o f  3 notebooks w ould be at a loss, unless the price o f  each is specified.

T he task  consisted  o f  3 problem s, again o f  increasing difficulty. The first problem  sim ply 

asked for the total o f  the prices o f  3 different item s, but the next 2 problem s involved calculating  

the prices o f  m ore than 1 item and m aking change.

S coring w as done as follows:

2 =  correct

1 =  partially  correct, and

0 =  incorrect.

A  score o f  2 was given if  all com putations w ere correctly executed, for e.g. i f  the subject
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calcu lated  the price o f  the several items correctly, gave the final addition  and calcu lated  the 

correct change to  be returned.

A  subject received a score o f  1 i f  part o f  the com putation  was correct for e.g. i f  the 

sub ject added up the prices correctly  but failed to  give the correct change, and

A score o f  0 w as given i f  the subject failed to  carry out any o f  the above.

Profit and loss: (A PPEN D IX  8)

This included a se t o f  5 standard problem s for all three groups. O n the first tw o problem s 

subjects w ere given a cost price and selling  price and they w ere required to calculate the profit. 

T he last th ree problem s had an added step in tha t unit prices w ere given but the profit to  be 

calcu lated  involved a larger quantity. Problem s w ere scored as follows:

2 =  C orrect

1 =  partially  correct, and 

0 =  incorrect.

A  problem  was scored correct w hen all steps o f  the problem  w ere correctly  solved, and 

partially  correct i f  at least the profit was correctly calculated but the final sum m ing up w as 

incorrect. A score o f  0 indicates that the subject could no t solve any part o f  the problem  correctly.

P roportions: (A PPEN D IX  9)

G iven the price o f  a larger quantity subjects w ere required to  calculate the prices o f  4 

d ifferent proportions o f  the total. A lthough in both the vending practices item  prices are not 

calcu lated  by the vendor they do buy quantities in bulk and the possib ility  o f  the ir m aking an 

attem pt to  calculate unit prices and m aking com parisons does exist. This w as an attem pt to 

explore the possibility  o f  their understanding o f  the concept o f  proportion. In the school setting
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children are required to  deal w ith  proportions in the course o f  the ir learning o f  m athem atics. Each 

o f  the 4 questions was given a  score o f  1 for correct and 0 for incorrect. Scores therefore vary 

from  a  m axim um  o f  4 to  a  m inim um  o f  0.
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C H A PT E R  VII 

PR ELIM IN A R Y  TA SK S

K N O W L ED G E  O F T H E  N U M B E R  SYSTEM S.

G insburg  (1977, 1982), proposed a 3 system  classification o f  m athem atical know ledge 

based on how  and w here it is acquired. As stated earlier system  1 develops outside school and is 

term ed inform al. A t the sam e tim e, because it is seen to  develop universally, it is also  categorized 

as natural. System  2 w hich involves the use o f  counting, and depends on cultural transm ission, is 

term ed cultural, but it rem ains inform al because it develops outside o f  school. System  3 is defined 

as bo th  cultural and form al because it involves w ritten sym bols and other characteristics o f  a 

form al and system atized body o f  cultural knowledge. A n attem pt is m ade in the presen t study to 

observe differences, i f  any, am ong the three population groups on som e aspects o f  these system s.

Prelim inary observation  w ith som e am ount o f  system atic probing w as used to  assess the 

know ledge o f  num ber system s w hether conventional o r non-conventional, that the subjects are 

using  in the practice o f  the ir arithm etical activity in school or outside. The areas tapped for this 

inform ation were: subjects' know ledge o f  counting, recognizing orthographic representations o f  

the form al num ber system , recognizing com m on units o f  currency, and the know ledge o f  m ath 

facts.

C ounting.

T he counting task  w as used to  assess w hat level o f  fam iliarity non-schoolgoing children  

have o f  the uses o f  the conventional o rder and nom enclature o f  a form al system . It was not m eant 

to  assess children 's understanding  o f  the num ber concept and the principles o f  counting as 

enum erated  by G elm an and G allistel (1978), for it was am ply clear that all subjects in this study 

had a  c lear understanding o f  such principles. R ather, we sought to determ ine w hether they have in
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the course o f  the ir dealings w ith  num bers, internalized the conventional num ber nam es that 

form al m athem atics w orks w ith. Predictably, all the 18 school children could count up to  500. O f  

the 14 cigarette sellers 13 counted  up to 500 fluently and 1 could  count only up to  50, w hereas for 

the 16 new spaper sellers, the breakup was as follow s: 5 o f  them  w ere able to  count up  to  500, 1 

was fam iliar w ith num ber nam es up to 50, 9 o f  them  could use the conventional num ber nam es up 

to  40, and 1 up to 20 only. This w ould qualify as G insburg's system  3 since w hat is involved is 

the know ledge o f  a form al system  o f  conventional num ber nam es.

Enum erative processes are a feature o f  not only v irtually  every cultural group but 

appears to  be a universal feature o f  young children's arithm etic th inking (K lein &  Starkey, 1988). 

Therefore it is only to  be expected  that all th ree population groups included in th is study possess 

either a form al o r an inform al system  o f  enum eration. It is m ost conspicuously the school group 

w hich has a  m astery o f  the conventional enum eration system  as this is the basic tool that is 

im parted to  all school children  w hen they em bark on the pro ject o f  learning a form al system  o f  

school m athem atics. G iven that any enum erative system  is basically  a  sym bolic vehicle which 

allow s its bearer to execute arithm etical problem  solving,, it is only natural that all three groups 

have devised som e form or another o f  sym bolically representing  num bers as an aid to  solving 

num ber problem s.

T he school children, expectedly fare better than the o ther tw o groups, since one o f  the 

tasks that schooling undertakes is the im parting o f  form al and conventional system s o f  identifying 

num bers. H ow ever all the subjects in the th ree population  groups w ere capable o f  fo rm ulating  a 

system  o f  counting, w hich m ade use o f  unconventional representation  system s. F or e.g. when 

asked 'w h a t com es after 50?' the answ er w ould be '5 0  and T, o r w hen asked 'h o w  m uch is 70 and 

6 ’ the likely response is '7 5  and T. It should be m ade clear that w hen a subject is reported  to be 

able to  count up to  50 it indicates that she is able to  enum erate every single num ber up to  50 but
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not beyond, though it m ay very  well be the case that she can nam e several num ber nam es beyond 

50, bu t not each  num ber consecutively. For e.g. the counting system  could  go as follow s - 50 and 

1, 50 and 2, 50 and 3, 1 less than  55, 55, 56, 55 and 2, 55 and 3, 1 less than 60, 60, and  so on. In 

fact a  m ajority  o f  the new spaper sellers w hose know ledge o f  the num ber system  is fairly  lim ited 

use this system  o f  counting. T hough m ost o f  the non-schoolgoing children  could  not elaborate all 

the num ber nam es up to  a 100, they all had the tens and fives readily available and w hich they 

used as anchor points onto w hich the rest o f  the counting was hinged.

Recognition o f  w ritten num erals.

To assess recognition o f  standard orthographic sym bols, subjects w ere presented  with 

cards w ith num bers ranging from  1 to  500 in a random  order and asked to  read them . These 

included num bers 1 to  10 and a random  selection o f  num bers betw een 10 and 500. A  grad ing  o f  

the subjects w as ordered on the basis o f  w hether or not they could read correctly  all the num bers 

up to 10, 20, 50 100 and 500.

R E C O G N IT IO N  O F  W R IT T E N  N U M E R A L S
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Figure 1 : Comparison between the three population groups on the recognition 
of w ritten num erals
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A category w as included w herein subjects could recognize correctly  the round num bers 

such  as fives and tens although they had difficulties w ith o ther num bers, for e.g. ch ildren could 

read num bers such as 90, 100 and 200 but had difficulty recognizing num bers such as 34, 78 etc. 

This could  be due to  the fact tha t the ir fam iliarity  and practice o f  the conventional system  com es 

from  use o f  the currency that they are forced to  handle and the system  o f  pricing that they w ork 

w ith, and that these units o f  currency are typically represented  in m ultiples o f  tens and fives. 

F igure 1 show s the extent o f  know ledge o f  w ritten num erals o f  the th ree population  groups. A 

conventional orthographic representation  o f  num bers is available through som e cultural agency 

usually o f  a  form al kind. Schooling is one such institution and, it is to be expected that the school 

ch ild ren  w ould have an edge over the o ther tw o groups. O f  the 14 cigarette sellers 11 can 

recognize w ritten num erals up to  500, 2 up to  50, and only the one unschooled child has problem s 

recognizing  num bers beyond 10. All but th is one subject have had som e m inim um  school 

experience and w e could  conclude that w orking w ith num bers has enabled them  to retain this 

know ledge that w as im parted a t school.

T here is a larger num ber o f  unschooled new spaper sellers, and we see that only 4 o f  them  

are able to  cope w ith num bers beyond 10 w ith any great ease. It is rem arkable that all 16 o f  these 

subjects, som e w ith no schooling at all, can read num bers even i f  it is only up to  10. W hen 

questioned about w here they had picked up th is inform ation, they adm itted to  having m ade a 

special effort to  have som eone teach them  how  to read and w rite these num bers. H ow ever, the 

activity  they are involved in, nam ely selling  new spapers, does not require them  to have this 

know ledge, since they hardly ever use the orthography to  determ ine the prices. They have learned 

to  d istinguish  each paper on the basis o f  its appearance and accordingly rem em ber the price o f  

each. S ince the variety they deal w ith is fairly lim ited, rem em bering the prices does not pose a big 

problem , neither is it necessary to  have a know ledge o f  the orthographic system .
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Knowledge o f  currency denominations

A ll 48 children  w ere ab le to  recognize all denom inations o f  the coins and bills used for 

th is task.

C hildren 's know ledge o f  M ath Facts.

All three population  groups w ere assessed on sets o f  addition, subtraction and 

m ultip lication m ath facts. In the school system  from  w hich the present sam ple w as selected , and 

in the Indian school system  in general, learning o f  m ultiplication tables is a necessary and 

im portant part o f  the curriculum , but there is no such "m ath fact" learning for the o ther th ree 

operations o f  addition, subtraction  and division. The tw o groups o f  vendors, on the o ther hand 

w ere seen to  be w orking consistently  w ith certain  m onetary denom inations and som e fairly  stable 

item  pricing w ithin w hich a reperto ire o f  rem em bered facts w ould be an advantage for th e ir  daily 

se lling  and buying practices. O n the basis o f  these assum ptions d ifferences w ere expected  to  be 

observed betw een the th ree groups. The subjects w ere therefore tested  on a total o f  22 addition, 

24 subtraction  and 20 m ultip lication  items.

O new ay analyses revealed significant differences betw een the three groups for both 

addition  as well as subtraction  m ath facts, but no significant d ifference fo r m ultiplication. F or the 

addition  problem s (F(2 ,45) =16.77, g  < .001), the Duncan's M ultiple R ange Test indicates that 

both the groups o f  w orking children  perform  significantly  better than the school group (g. <.05). 

S ignificant d ifferences w ere observed for the subtraction facts (F(2 ,45) =  14.37, g< .001) and 

D uncan's M ultiple Range T est reveals a significantly better perform ance by both the new spaper 

vendors and the cigarette sellers as com pared to  the school group (g. < .05).
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MATH FACTS
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Figure 2: C om parison  betw een  th e  th re e  p o p u la tio n  groups on add ition  
subtraction and multiplication Math Facts

T o  analyze practice related  differences am ong the th ree groups, the m ath facts w ithin

each  operation  w ere further categorized as follows:

C ategory 1: M ath Facts involving num bers from  1 to  10, as num bers

representing  a low m em ory load. For the m ultip lication  subgroup, this category consisted  o f

num bers betw een 1 and 3 only. Since all o f  them  possess a m inim um  w orking experience w ith

num bers, no differences w ere expected in this category.

C ategory 2: N um bers corresponding  to m onetary denom inations, w hich

are necessarily  m ultiples o f  fives o r tens. F or the w orking ch ildren  these are the  num bers on w hich 

a large part o f  the ir com putation  hinges. F or the school children  an advantage w ith these num bers 

should  arise from  the ir fam iliarity  o f  w orking w ith in  a base ten system .

C ategory 3: N um bers o ther than  those based on m onetary denom inations, w hich do not g ive the 

w orking children  any advantage.
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Table 3 : Comparison of the three population groups on the th ree categories of 
addition m ath  facts
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Figure 4 : Comparison of the three population groups on the th ree  categories of 
subtraction m ath facts
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Figure 5 : Comparison of the three population groups on the th ree categories of 
multiplication m ath  facts

W e see that the perform ance for all three groups is low est on category 3 for all three 

operations. O n both addition  and subtraction  m ath facts the perform ance o f  the paanw allas and 

the new spaper sellers is better than that o f  the school children. O n the m ultiplication m ath facts 

the school ch ildren  had better scores than the tw o o ther groups for the unfam iliar num bers 

(category 3), and better scores than  the new spaper sellers on category 1, w hereas on category 2, 

the tw o w orking groups did better. As stated earlier, m ultiplication tables are learnt in school and 

th is could  account for the advantage o f  the school group here, though perform ance o f  all three 

groups is better on  categories 1 and 2 than on category 3. The school group show s a steady 

decline an all th ree operations from  category 1 through category 3. They are better able to  deal 

w ith num bers below  ten, the perform ance declines on m ultiples o f  five, and goes dow n further 

when dealing  w ith the th ird  category. T he paanw allas and the new spaper sellers perform  equally
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well on  the first tw o categories for addition facts, show  a  m arginal advantage on category 1 for 

the sub traction  m ath facts and have a larger reperto ire o f  m ultip lication  m ath facts in the second 

category i.e. m ultiples o f  5 and 10, than those in the 1st. category w hich consists o f  problem s 

involving num bers 1 to  3.
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C H A P T E R  8

Children's Performance on Arithmetic Word Problems Involving the Four Operations of 
Addition, Subtraction, Multiplication and Division on Two Levels of Familiarity.

T o investigate the arithm etical com petence o f  the th ree population groups the four basic 

arithm etic operations o f  addition, subtraction, m ultip lication  and division w ere used. These 

operations w ere exam ined in relation  to  the practices that ch ildren  engage in, in the course o f  their 

w ork and /o r school activity. T hey w ere also exam ined as a basic arithm etical ability  on w hich 

m ore com plex form s o f  arithm etical problem  solving could be based. The school syllabus 

introduces the four operations in the first tw o years o f  the m ath curriculum , and well into the 

fourth o r fifth year o f  school these operations are the focus o f  learning, w ith a shift from  sm aller 

num bers to  larger ones, and to  m ore com plex uses, such as addition, subtraction, m ultip lication  

and div ision  o f  fractions, decim als and so on. T he school curriculum  m oves from  straightforw ard 

operations o f  num bers such as 2 +  2 =  ? o r 84 /  4 =  ? to  w ord problem s involving these 

operations, w here a  problem  is presented and the operation  to be used is not necessarily  evident.

F or both the groups o f  w orking children, it is the goals rather than the m ethods that form  

the focus o f  the vending activity. N um ber know ledge and operating  with the num bers becom es a 

necessary requisite o f  solving the problem s o f  buying, selling, calculating  prices and handing 

back change. This involves the use o f  at least the tw o operations o f  addition and subtraction  on a 

fairly rou tine basis. T he operations o f  m ultiplication and div ision  are less obviously required  o f  

the new spaper sellers, though the process o f  buying new spapers from  the w holesalers does call 

for such operations. In sharp contrast to  the new spaper selling  the paanw allas deal w ith a num ber 

o f  item s and a num ber o f  units o f  each item. T he sm allest o f  the paan shops stock at least 4 to  5 

varieties o f  cigarettes and 2 to 3 kinds o f  paans, each o f  w hich is priced differently. Each brand o f  

cigarettes m oreover m ay com e in d ifferent sizes and can be sold in packs o f  tens and tw enties, or, 

as singles. T he need to apply m ultiplication and division in the com putation o f  prices and
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handling  m oney arises often enough. T he four operations, it w as felt, w ould provide a fair 

m easure o f  the com petence w ith  w hich the subjects understand and deal w ith num bers and 

num ber problem s.

Subjects in the three population  groups w ere com pared on accuracy scores on 8 w ord 

p roblem s fo r each o f  the four operations, under two conditions o f  fam iliarity. A repeated 

m easures analysis o f  variance was carried out to com pare accuracy o f  perform ance on the four 

operations and tw o levels o f  fam iliarity  for the th ree population groups w ith age as a  covariate.

T he 3 (population group) by 4 (operation, repeated) by 2 (fam iliarity) repeated  m easures 

anova w ith age as covariate (since all three groups varied on age), revealed sign ifican t m ain 

effects for group (F (1 ,44)=3.22 p =  .04), for operations (F (3 ,13 5 )= 5 1.46 g= .0001) and for 

fam iliarity  (F (1 ,45 )= 9 .42g= .004 ). T he group by operation in teraction was highly sign ifican t (F 

(6 ,1 35)=4.32 2 = 0 0 1 )  as was the group by fam iliarity interaction (F (2 ,45)=3.66 2= .03) and the 

operation  by fam iliarity (F (3 ,135)=18.65 £= .0001) T he three way interaction o f  group by 

condition  by operation was also  statistically  significant (F (6 ,135)=2.81 p= .013).

These m ain effects indicate that the groups differ from  each other w hether it is on the 

overall score for all the operations, w hether it is for each o f  the operations or w hether it is for 

levels o f  fam iliarity across all four operations. The significant interactions are evidence o f  the 

com plexity  o f  these d ifferences and need to  be d iscussed in detail.

T o  begin w ith we have the overall difference in the accuracy scores o f  the th ree groups. 

T his difference is significant and the paanw allas perform  better than both the o ther groups. 

D uncan 's m ultiple Range T est revealed that cigarette sellers fared significantly  better than both 

the school children  and the new spaper sellers (ps < .05), but tha t no such d ifference exists betw een 

the new spaper sellers and the school children. Table 2 show s a com parison o f  the m eans fo r the 

th ree  groups.



77

TA B LE 2
M ean A ccuracy Scores o f  the T hree G roups A cross the 

Four A rithm etic O perations.

SC PW N P

M =38.55 M =52.14 M =37.81
SD =20.19 SD=9.73 SD = 11.48

T he superiority  o f  the cigarette-sellers is in keeping w ith the hypothesis that greater 

practice and a flexible use o f  num bers and operations w ould contribute significantly to overall 

perform ance on num ber-related  tasks. The paansellers deal w ith a large variety o f  prices and 

currency denom inations as com pared to  the new spaper sellers, w hose experience is lim ited to  a 

narrow ly set range o f  prices, few er and sim pler transactions and consequently  a m ore lim ited use 

o f  all four operations. T he school children, w ho in the course o f  the ir school m athem atics deal 

w ith both a large variety  o f  num bers and any num ber o f  hypothetical w ord problem s involving 

both num bers and the four operations, should have been able to  deal w ith these routine tex tbook­

like problem s w ith a greater com petence. T heir perform ance w as no better than the new spaper 

group.

D espite sim ilarities betw een the overall scores o f  the new spaper sellers and the school 

children, the perform ance is not identical and this is w hat we shall focus on, in the next section. 

T aking the lead from  m ain effects for operations and fam iliarity  and the significant interactions, 

onew ay analyses o f  the data w ere carried out to analyze and understand these differences.

T he analysis and d iscussion will focus first on each o f  the four operations along w ith an 

analysis o f  the strategies. T he fam iliarity effect will be d iscussed in the context o f  each o f  the four 

operations and lastly we shall look at the effects o f  rephrasing on the operations o f  m ultiplication 

and division.
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T A B LE 3.
C om parison o f  the Three Population G roups on Each o f  

T he Four A rithm etic O perations.

G R O U PS A D D . SUB M U LT DIV.

SC M = 11.83 M =10.61 M =8.50 M =7.61
(N =18) SD =4.55 SD =5.66 SD =6.37 SD =6.47

PW M =14.64 M =15.50 M = 10.43 M = 1 1.57
(N =14) SD =1.94 SD=1.66 SD =3.69 SD=4.21

N P M =12.13 M =13.69 M =6.00 M =6.00
(N =16) SD =3.24 SD=2.52 SD =3.72 SD =3.84

SC=school group, PW =paanw allas, N P=new spaper vendors. A D D =addition,

SU B =subtraction, M U LT=m uItipIication & D IV =division.

l.ADDITION

a. A ccuracy: T he m ean accuracy score for each population group on the addition  w ord problem s 

is presented in table 4. The perform ance o f  the cigarette sellers is near perfect w ith a m ean o f  

14.64 out o f  a possib le score o f  16. The accuracy scores o f  the other tw o groups are fairly high 

though not on  par w ith the paanw allas. T he F-ratio for difference betw een population  groups for 

addition  w ord problem s across the fam iliarity condition was not significant, but D uncan's 

M ultip le Range T est revealed that the cigarette sellers perform ed significantly  better than the 

school population group (gs < .05). N o significant differences w ere found betw een the cigarette 

sellers and the new spaper sellers o r betw een the school group and the new spaper sellers.

H ow ever, w hen w e look at the m eans for the fam iliarity  condition and the unfam iliarity 

conditions separately, we see a  slightly d ifferent picture. O new ay analyses revealed significant 

d ifferences on the fam iliar problem s (F (2,45) =  2.78, g< .005) but not on the unfam iliar 

problem s. O n the fam iliar problem s, the cigarette and new spaper sellers both perform ed 

significantly  better than the school group (D uncan 's procedure gs < .05). T he F-ratio for the 

com parisons in the unfam iliar condition was not significant, but the cigarette sellers had
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significantly  higher accuracy scores than the new spaper sellers (D uncan 's procedure gs < .05).

T A B L E  4.
M ean A ccuracy Scores o f  the T hree Population G roups 

O n the A ddition W ord Problem s

SC PW N P

A D D ITIO N 11.83 14.64 12.13

A D D ITIO N
FA M ILIA R 5.78 7.64 7.13

A D D ITIO N
U N FA M ILIA R 6.06 7.00 5.00

b .S trategies used for problem  solutions: (A ppendix  10a) A n analysis o f  the strategies for correct 

as well as incorrect problem s revealed further differences betw een the three population groups, 

not necessarily  o f  the sam e o rder as the accuracy scores.

T he first two categories i.e. repeats or w rites are seen as attentional and attitudinal 

indicators. O bservations in the first phase revealed that the paanw allas and the school children 

entered  each  interview ing session w ith a seriousness that was not present in the interactions w ith 

the new spaper sellers. W hereas the tw o form er groups listened attentively to questions, ask ing  for 

clarifications w hen necessary, and trying to  answ er the questions seriously and faithfully, 

in teractions w ith the new spaper vendors took on a playful character. T hey repeatedly interrupted 

sessions w ith questions about the experim enter, about the tape recorder that I carried, and other 

personal questions unrelated to  either the m ath activity or the im m ediate context. M ore than one 

new spaper vendor interrupted the exam iner w ith questions like "why are you asking all th is? ...Oh 

I don 't know, but it doesn 't m atter." C onsequently, it was used as a category in the analysis to 

evaluate group differences and its effect on the perform ance.
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Figure 6 : Modes of reiteration used by the three population groups for the 
operation of addition

D ifferences w ere noticed am ong the three population groups at this level, both in the 

m ode and the am ount o f  re-iteration. Both the school children and the paanw allas either repeated 

the num bers or w rote them  dow n before proceeding to w ork on them  on a larger scale than did the 

new spaper sellers. As for the m ode o f  representation, as seen in fig. 6, the school group m ade 

m ost use o f  w riting, w hereas both  the o ther groups show  a preference for oral repetition. The 

difference betw een the tw o m odes is m arked for the paanw allas, and not so m arked for the 

new spaper vendors. O f  this group, the w ritten strategy was used by ch ildren  w ho are currently  in 

school rather than those w ith prior schooling.

As for the actual w orking out o f  the problem s, the two w orking groups again lean heavily 

on out-of-school strategies as com pared to  school procedures w hich are overw helm ingly 

em ployed by the school group. The cigarette sellers solved 87%  o f  the problem s orally, draw ing 

on the ir m em ory (23% ) and using breakdow n o f  num bers for 64%  o f  the problem s. The
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new spaper sellers sim ilarly show  an overw helm ing preference for oral, non-school strategies in

con trast to  school-like solutions. This group takes recourse to  m em ory and breakdow n fo r 70%  o f

the problem s, w hereas school algorithm ic solutions w ere used for 14% o f  the problem s. In

con trast to  the tw o w orking groups the school group used school algorithm ic solutions fo r 85%  o f

the problem s, o f  w hich 86%  w ere solved using the w ritten m ode. M em ory and breakdow n

solu tions w ere em ployed for a  m ere 4%  o f  the problem s. P redictably, the use o f  m em ory for

problem  solutions is m uch greater for the fam iliar problem s than for the unfam iliar ones fo r both

the cigarette sellers as well as the new spaper sellers.

STR A TE G IES  USED
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Figure 7 : Strategies used by the three population groups for the operation of 
addition.

T he category o f  count-on, w hich is com m on to both  school-like as well as non school-like 

solu tions and therefore not definitively categorizable as either w as used by all three groups, 

though  m inim ally.

It is how ever in teresting to  note the differences in the breakdow n o f  num bers as used by
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the  w ork ing  children, in contrast to  the few  occasions w hen the school ch ildren  m ake use o f  it. 

W hereas all 4 exam ples w here the  school group used breakdow n o f  num bers into w hat one 

supposes are easier and m ore fam iliar units, the variety w ithin th is p rocedure w as far m ore lim ited 

than  it w as in the case o f  the w orking groups. For exam ple:

Y .K . (school group), age 15:

Problem  1: 50 +  75.

Solution: 50 and 50 m ake 100, and 25 m ore m akes it 125.

J.A . (paanw alla), age 12:

Problem : 25 +  35 +  40.

Solution: 5 from  25 added  to  the 35 m akes it 40, 40 plus 40 m akes 80. T ake the 5 back 

and we have 75, so 75 and 25 is a 100.

R .D . (new spaper seller), age 12.

1. Problem : 74 +  52.

Solution: A dd 1 to  the 74 and m ake it 75, that leaves 50 and 1, 75 and 25 m akes 125, 

add 1 m ore - it's 126.

2. Problem : 24 +  16 +  38.

Solution: A dd 1 to  24 from  16, that m akes it 25 and 15. T hat m akes 40 p lus 35 and 

3 ......... 70 and 8, or again,

3. Problem : 102 +  2 2 4 + 1 4 5 :

Solution: 224 +  1 is 225, 225 and 145 m akes 370. 370 and a 100 =  470 +  1 is 471.

K. (new spaper seller),age 11.

Problem : 74 +  52:

Solution: A dd 1 to  74 and m ake it 75, that leaves 50 and 1, tha t m akes 125 and 1.

For the school group the  rare m anifestation o f  regrouping w as resorted  to, in the case o f
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sim ple problem s w here the oral so lu tion  seem ed a quicker way out - in all 4 cases it was the sam e 

p roblem  - 50+ 75 w hich w as solved w ithout the use o f  the school algorithm . In fact, for the subset 

o f  unfam iliar problem s, there w as not a  single instance w here this strategy w as used, irrespective 

o f  w hether solutions w ere correct o r incorrect. In the case o f  the tw o groups o f  w orking children 

as is evident from  the table, this w as the strategy o f  choice and the breakdow n w as not sim ply a 

redistribution o f  units, tens and hundreds but centred very obviously on the m ultiples o f  fives, 

w hich corresponds to  the currency denom inations and the num bers that are the significant 

m arkers in the ir day to day activity. It is also interesting to  note that school-like strategies am ong 

the new spaper and cigarette sellers are used m ore often by subjects who are currently in school 

rather than those w ho have had som e schooling but are not presently  in school.

c. Errors related to  strategy: (A ppendix  11a)

T here is an overall tendency  for the school group to  resort to  school procedures for 

so lv ing the problem s, and that too  overw helm ingly in the w ritten m ode. In addition and 

subtraction  problem s num bers are aligned by units, tens and hundreds as prescribed by the school 

algorithm  and w orking on them  proceeds from units to tens and hundreds. An analysis o f  the 

procedures indicates that for the problem s involving the operations o f  addition  and subtraction, 

the school children  can identify the  operation required for solv ing the problem . T he errors for this 

group arise out o f  a w rong application  o f  the algorithm , or w hat are designated as bugs. O f  the 23 

problem s in the addition subgroup, that are solved using the w ritten school algorithm , only 7 

errors w ere due to  m iscalculation , w hereas 15 problem s w ere incorrectly solved because o f  bugs 

in the procedure such as not carry ing over, w rong alignm ent o f  num bers and so on.

F or the cigarette sellers, w ho had a high success rate on addition problem s, errors arose 

from  m iscalculation w hen num bers w ere m isrepresented in the course o f  the calculation. O f  the
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10 erroneous answ ers 8 w ere oral m iscalculations and 2 w ere abandoned w ith the explicit 

statem ent th a t the num bers w ere too large.

T he new spaper se llers too  had no problem  identifying the operation  required, but had 

problem s dealing  w ith the num bers. O f  the 32 problem s, only in the case o f  7 problem s w as there 

an  attem pt a t w orking through the w hole problem , w hereas 21 w ere abandoned after a cursory 

and ineffective attem pt or no attem pt at all. 13 o f  these problem s w ere abandoned w ith the 

explicit sta tem ent that the num bers w ere too large to  deal with.

C orrela tion  w ith addition m ath facts:

T able 5.
C orrelations betw een addition m ath facts 

and accuracy scores on addition w ord problem s.

SC PW N P

.715 .251 .605
(p< .001) (p=. 193) (p=.006)

F or the school ch ildren  and the new spaper sellers correlations betw een addition  m ath 

facts and accuracy scores on w ord problem s w ere high. T he scores o f  the paanw allas on both  sets 

w ere high and there was very little variability, w hich accounts for the low er coefficients. B reaking 

dow n o f  the num bers by the tw o w orking groups is done precisely to reduce them  to fam iliar 

quantities, com binations o f  w hich m ay be available as m ath facts. T he correlation  fo r the  school 

group sim ilarly  indicates that perform ance on the w ord problem s is related to  the ir reperto ire  o f  

m ath facts.

d .Sum m arv.

T he phrasing used for addition w ord problem s m akes the operation ev ident and the link 

betw een the operation and the problem  is a transparent one. The perform ance o f  all th ree  groups
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accordingly  reflects this facility, and though the accuracy scores o f  the school group and the 

new spaper vendors fell short o f  the paanw allas, all three groups displayed adequate efficiency in 

so lv ing addition  problem s (O ut o f  a m axim um  possible o f  16, the low est score w as 11.83).

T he paanw allas scores w ere near perfect for w ord problem s that require the use o f  

addition. T heir perform ance on the fam iliar problem s was m arginally better than tha t on the 

unfam iliar ones, though the d ifference w as not significant. The operation o f  addition  is routinely 

perform ed by the paanw allas in the course o f  the ir selling and buying, and they have no difficulty 

in handling  either the num bers or the operation. 91%  o f  the fam iliar problem s and 82%  o f  the 

unfam iliar problem s use either the strategies o f  m em ory or breakdow n. Use o f  the m em ory 

strategy indicates tha t the subject draw s upon m ath fact and gives an im m ediate answ er. T he 

m ajority  o f  the problem s using the breakdow n strategy also m ake use o f  m ath facts in 

com bination  w ith o ther strategies. Therefore for solutions o f  these problem s the subjects are 

d raw ing  upon a fund o f  facts tha t is at the ir disposal, and have the capability  to m ap it correctly  

and successfully  to  the problem s presented to them . The m ajor cause o f  errors for this group was 

m iscalculation , w hen the num bers w ere large and after the breaking up, they m issed adding back 

all the original num bers. E rrors w ere also recorded w hen problem s w ere not attem pted at all. The 

unschooled sub ject on this group w as the only one m aking this error, and he is recorded as stating 

tha t the num bers w ere too  large for him  to deal w ith. This subject had neither an adequate 

know ledge o f  the num ber system  nor o f  its orthographic representation.

T his inadequacy o f  a know ledge o f  conventional num ber nam es and an orthographic 

system  is w hat seem s to  be the crucial source o f  errors for the new spaper vendors as w ell. They 

perform ed significantly  better on the fam iliar problem  set than they did on the unfam iliar ones, 

again w ith an overw helm ing dependence on m em ory and m ath facts. W hile dealing  w ith 

unfam iliar num bers they had to  consistently  depend on a non-conventional but inconvenient
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enum eration  strategy w hich m ade w orking w ith 2 o r m ore num bers exceedingly cum bersom e. A 

num ber like 50 represents a 50 paisa coin, it is a  num ber these children  use continually  in the 

course o f  the ir selling  and som e form  o f  mental representation o f  th is num ber seem s existent, 

w hereas w hen confronted  by a num ber like 73, 9 out o f  the 16 subjects broke it dow n to 70 and 3, 

w hich increases the m em ory load as tw o num bers instead o f  one have to  be retained. This puts an 

added  strain  on the capacity  needed for calculations and consequently  gives rise to 

m iscalculations. In fact, for 40%  o f  the problem s that they failed to  solve correctly , subjects in 

this group gave up after adm itting  that the num bers w ere too large. A large num ber o f  the 

p roblem s w ere abandoned w hen subjects attem pted them  w ith the use o f  correct procedures, but 

could  not keep track o f  the num bers. This is supported by the fact that on the fam iliar num ber set, 

for w hich they had adequate num ber nam es, the perform ance was significantly  better. A gain, as in 

the case o f  the paanw allas, strategies fo r correct solution relied heavily on m ath facts and 

m em ory. N o difficulties w ere observed in the understanding or application  o f  the correct 

operation.

If  the school children failed it w as not for w ant o f  m apping on the right operation  but as a 

resu lt o f  m iscalculations and bugs in their use o f  procedures. T hey perform ed equally  well in both 

fam iliarity  conditions, therefore the characteristics o f  the num bers did not seem  to have a 

deleterious effect w hen the operation w as one they w ere fam iliar w ith and for w hich they w ere at 

least fam iliar w ith the algorithm . T here is a  certain com petence w ith the algorithm ic procedure 

taught to  them  in school, and i f  they have difficulty w ith carrying over o r borrow ing, this is not 

lim ited to  the fam iliar num bers but is in evidence w here carrying over is necessitated. The focus is 

on applying the right p rocedure, even though the results then are conceptually  contradictory. For

e.g. a  school child  seem s to  have no problem  adding 75 and 25 to  get an answ er o f  910 as a result 

o f  adding  the tw o 5's to  m ake 10, and the 7 +  2 w hich m akes 9, w hereas this w ould disturb the
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new spaper se lle r o r the paanw alla. T he m axim um  num ber o f  errors for this group w ere due to  

bugs in application  o f  the school algorithm  for addition.

V iew ed in the contex t o f  Vygotsky's zone o f  proxim al developm ent, the nature o f  the 

vending  activ ity  here acts as a cultural and inter-psychological bridge betw een the actual and 

potential levels o f  developm ent, w hereby a know ledge o f  a culturally  devised system  o f  counting, 

num ber nam es and an orthographic representation o f  num bers is acquired  by this group, w hich 

then becom es a stock-in-trade for efficient functioning w ithin this activity. 13 o f  the 14 

paanw allas w ere able to  coun t fluently up to  500, and the one paanw alla w ho did not have a 

com m and o f  the num ber system , gave a dism al perform ance. The paanw allas therefore have the 

dual advantage o f  possessing know ledge o f  a sign system  w hich allow s them  to represent all 

denom inations o f  num bers along  w ith a procedural and conceptual understanding o f  the 

operations they are called  upon to  perform .

2. SUBTRACTION

a. A ccuracy.

O ne way analyses revealed significant differences on subtraction problem s am ongst the 

th ree population  groups (F (2 ,45) =6.74 g  =  .002). D uncan's M ultiple Range T est revealed that 

both  groups o f  w orking children  perform ed significantly better than the school group (gs < .05). 

A nalysis o f  the fam iliar and the unfam iliar conditions for subtraction revealed significant 

differences for both  conditions (F(2,45) =  9.74, g< .0003) and (F(2 ,45) =4.14, g< .02) 

respectively. Though both  groups o f  w orking children perform ed better on the fam iliar 

subtraction  problem s, the significant differences on the unfam iliar problem s w ere betw een the 

c igarette sellers and the school group, the form er obtaining higher scores (D uncan's M ultiple 

R ange T est g  <.05).
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Table 6.
M ean accuracy scores for the th ree population  groups 

on  subtraction  w ord problem s.

SC PW N P

SU B TR A C TIO N 10.61 15.50 13.69

SU B TR A C TIO N
FA M ILIA R 5.67 8.00 7.88

SU B TR A C TIO N
U N FA M ILIA R 4.94 7.50 5.81

b. S trategies used for problem  solutions (A ppendix 10b)

T he pattern  o f  reiteration  is sim ilar to that for addition  problem s. T he school group and 

the paanw allas use reiteration  to  a greater extent than the new spaper sellers, and all th ree groups 

use it m ore often in the case o f  the unfam iliar num bers than the fam iliar num bers. A gain  both 

w orking groups repeat num bers orally w hereas the school group w rites them  down.

M O D ES O F  REITERATION

SUBTRACTION

90

SO

30

ACCURACY WRITTENORAL

[771 SC fVsJ PW ^ N P

Figure 8 : Modes of reiteration used by the three groups for the operation of 
subtraction
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F or w orking out the problem s the pattern  for this subset is slightly different. T he fam iliar 

problem s for subtraction  are solved orally  to  a  m uch larger extent by all th ree population  groups.

STRATEGIES USED

SUBTRACTION

80

70

40

ACCURACY NON-SCHOOL

( 7 7 1  SC PW g S S  N P

Figure 9 : S trategies used by the th ree  groups for problem solution for the 
operation of subtraction

T he school group resorts to  m em ory m ore often for the fam iliar problem s, though 

solutions fo r unfam iliar problem s revert back to  the school procedures. They use the prescribed 

school algorithm  for subtraction , and though there are som e instances o f  using the algorithm  

orally, the m ajority  o f  the problem s use the w ritten strategy. T he cigarette sellers use solutions 

from  m em ory for 87%  o f  the fam iliar problem s and the new spaper sellers for 67% . The 

unfam iliar problem s are largely solved by breakdow n procedures by both these groups (87%  and 

61%  respectively), w hich again  is a-non-school strategy in the oral m ode.

T he overall use o f  school algorithm , w hether in the w ritten or the oral m ode as com pared 

to  strategies o f  m em ory and breakdow n o f  num bers for the set o f  subtraction  problem s 

irrespective o f  the levels o f  fam iliarity is sim ilar to  that seen for the addition problem s w ith the
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school group indicating  a definite preference for the form er and the tw o w orking groups m aking 

g rea ter use o f  m em ory and breakdow n procedures.

The school children use regrouping strategies for a  m ere 3%  o f  the problem s, the  rest 

being  tackled by m em ory or school learned procedures. B oth the new spaper vendors and cigarette 

se llers solve the  fam iliar subset using m ath facts only, but revert to  regrouping and subsequently  

the use o f  m ath facts w here unfam iliar num bers are involved. T he num bers again  tend to  get 

g rouped into m ultiples o f  5's and 10's as was the case in the addition  problem s:

J.A . (paanw alla), age 12:

P roblem : 1 9 0 -7 3 :

Solution: 73 and 2 m akes 75... 75 +  15 is 90... that m akes 17 and a 100 is 117. T herefore the 73 

is first subtracted  from  75, th is is subtracted from  90 and then the 100 is added on to  it.

S. (new spaper seller), age 13:

P roblem : 4 4 - 1 2 :

Solution: T ake 10 away from  44, that leaves 34, take away the 2 and that's 32.

d. E rrors related to  strategy. (A ppendix  l i b )

All three population groups gave no indication o f  any difficulties in understanding  the 

problem  or the operation that w as needed for the solution. Though errors for all th ree groups w ere 

the low est on the subtraction problem s they provide som e useful insights. In contrast to  their 

strategy use on  the problem s solved correctly, the school group did not indicate the  use o f  m ath 

facts o r num ber breakdow n in any o f  the problem s w hich could  not be correctly solved. Errors 

arose m ainly on the use o f  the school algorithm , and 24 o f  the 31 problem s w ere erroneously  

solved because o f  bugs in the application  o f  the procedure.

T he paanw allas had very few errors, and o f  the 4 unsuccessful solutions 2 w ere
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a ttem pted  a t all, and this again  by the one sub ject w ho had problem s w ith num ber nam es.

T he new spaper se llers too w ere highly successful in the ir so lu tion  o f  the subtraction  

problem s. O f  the problem s they w ere not able to  solve, 44%  w ere not attem pted at all, and 

subjects stated that the num bers w ere too  difficult for them  to handle, and 22%  w ere abandoned 

after an initial a ttem pt because subjects lost track  o f  the num bers.

C orrelations.

Table 7.
C orrelations betw een subtraction  m ath  facts 

and subtraction  w ord problem s.

SC PW N P

.686 .098 .656
(P=  001) (P=.368) (P= .003)

T he relationships are sim ilar to  those found for the operation  o f  addition. In fact as the 

strategy use show s, m ath facts were extensively used for the fam iliar subtraction  problem s by all 

th ree groups. The school group drew  upon m ath facts for 50%  o f  the problem s that they solved 

correctly . T he paanw allas had near perfect scores on the w ord problem s and therefore the 

correla tion  cannot be interpreted.

d. Sum m ary.

T he differences betw een the groups w ere m ore pronounced here than they w ere on the 

addition problem s. Both the w orking groups im proved the ir accuracy scores on th is operation, 

and the ir perform ance w as significantly  better than the school group. D ifferences in the accuracy 

scores as a function o f  the fam iliarity  level w as m ost m arked for the new spaper sellers. Both 

w orking groups had h igher accuracy scores than the school group on the fam iliar set, but only the
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cigarette sellers score over the school group on the unfam iliar problem  set.

T he correlation  w ith m ath facts is significant and the strategy analysis reveals tha t all 

th ree groups used m ath facts and m em ory to  arrive at the solutions. A dded to  th is is the fact that 

each  subtraction problem  involved the use o f  tw o num bers only, w hich reduces the m em ory load 

and thereby provides an advantage to  subjects w ho do not have access to  the orthographic system. 

T hat both  w orking groups had the ir best scores on the subtraction subset, can be explained by 

the ir practice linked functioning. O f  all four arithm etic operations the one that is called upon the 

m ost in both  kinds o f  vending i.e. selling new spapers o r selling the items that a paanshop  stocks, 

is that o f  subtraction. To go back to the tw o vending activities, we observed that the new spaper 

se lling  can be divided into roughly three processes: buying o f  the new spapers, se lling  the 

new spapers and after-sale calculations and preparing for the next day.

T he buying phase, as described earlier, in actual fact is rendered fairly sim ple as a 

p redeterm ined num ber o f  papers is purchased depending upon the am ount o f  m oney to  be spent. 

N um erical calculations at this stage can m oreover, be delegated to  the agents w ho sell the 

new spapers to  the vendors. T he m ajor chunk o f  tim e and effort is spent in m aking num erical 

calculations in the actual selling. D uring this phase the vendor is asked for a  new spaper and 

handed a  sum  o f  m oney, and i f  necessary, has to  hand back change to  the custom er. The one 

operation  this oft-repeated transaction  involves is subtraction. The vendor gets a sum  o f  m oney, 

takes aw ay from  it the price o f  the paper, and hands back to  the custom er w hat is left over. This is 

also  the one operation that necessarily  needs to  be done w ithout any external aids, because w hen a 

sum  o f  m oney is received for w hich change is to  be handed back, it is necessarily  in the guise o f  a 

denom ination  w hich cannot be physically broken up for e.g. a note o f  Rs. 2, 5 o r 10. T he vendor 

then has to  m entally  calculate how  m uch rem ains i f  the price o f  the paper is taken aw ay and hand 

back the rest. Sim ilarly in the case o f  the paanw allas, calculating prices and giving back the
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required  change is largely w hat occupies the ir w orking tim e. F or them  how ever th is involves m ore 

than  subtraction  alone, because purchases m ade at the paan shop often  involve the sale o f  m ore 

than one article, and therefore the cigarette se ller has to  add up the prices o f  tw o o r m ore item s, 

take tha t aw ay from  the sum  received and then hand back the change. Therefore sub traction  is the 

dom inant operation that the tw o w orking groups em ploy in the course o f  the ir se lling  activity, 

w hereas for the school group it is one am ong the four operations, and scores over m ultip lication  

and div ision  in that it sequentially  precedes them  w ithin the school curriculum .

3. MULTIPLICATION:

a. A ccuracy:

Subjects in the th ree population  groups differed significantly  on scores for the 

m ultip lication  problem s (F  (2 ,45) =3.10, g  =  .05). T he D uncan's M ultip le R ange T est revealed 

that the paanw allas perform ed significantly  better than the new spaper sellers but that the 

perform ance o f  the school group was not significantly  different (gs < .05). T he results w ere 

identical fo r the fam iliar condition  (F (2,45) =  3.80, g  =  .02) and no significant differences w ere 

found for the unfam iliar condition.

T able 8.
M ean accuracy scores o f  the three population groups 

on m ultiplication w ord problem s.

SC PW N P

M U LTIPLIC A TIO N 8.50 10.43 6.00

M U LTIPLIC A TIO N
FA M ILIA R 3.72 4.93 2.13

M U LTIPLIC A TIO N
U N FA M ILIA R 4.78 5.50 3.88
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b. Strategy use/A ppendixlO c)

MODES OF REITERATION
M U L T IP L IC A T IO N

60

P E R C E N T 30

20

SO

40

10

0
A C C U R A C Y O R A L W R IT T E N

ZZl sc IXS PW :£2 np

Figure 10 : Modes of reiteration used by the th ree population groups for the 
operation of multiplication.

T he success rate on this set o f  problem s is considerably low er than the addition  and 

subtraction  problem s for all three groups. T here is a higher am ount o f  reiteration by the school 

group and the paanw allas, than by the new spaper sellers, for w hich the school group depends 

largely on the w ritten m ode (59% ). The cigarette sellers use oral repetition for 45%  o f  the 

problem s, w hereas w riting  dow n o f  num bers is used for 13% o f  the problem s. For the new spaper 

se llers the trend is reversed for this one operation in that w riting dow n o f  num bers is em ployed 

fo r 19%  o f  the problem s w hereas repetition is used for 9%  o f  the problem s only. T hese subjects 

use very little reiteration  on all four operations, and the analysis indicates that as accuracy goes 

dow n, and problem s are seen as m ore difficult, the proportion o f  reiteration falls dram atically . It 

is the school going vendors from  am ong this population group w hich persist w ith the reiteration 

and therefore the rise in the proportion o f  w ritten reiteration.



95

STRATEGIES USED
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Figure 11 : Strategies used by the three population groups for the solution of 
multiplication problems

Strategies for so lu tion confirm  the earlier trends for all three groups. The school going 

children m ade use o f  m ultip lication  tables, w hen confronted w ith the m ultip lication problem s. 

T he rest o f  the sam ple tends to  resort to  successive addition, and abandon it m idw ay since the 

m em ory load becom es too heavy w hen the num bers are large. This becom es apparen t if  the 

strategies used for aborted  solutions are taken into account, w here the use o f  oral non-school 

strategies outw eighs the school-like strategies.

49%  o f  the problem s are solved by the use o f  school-like strategies by the school group 

and 23%  by the use o f  non-school strategies w hich include successive addition , associativity , and 

d istribu tiv ity  using  the oral m ode o f  functioning. The choice o f  strategy for the tw o w orking 

groups confirm s the earlier pattern  o f  functioning and non-school strategies dom inate the ir 

p roblem  solutions. T he paanw allas used m ultiplication tables (characterized as oral school

73
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algorithm ) for 16% o f  the problem s.

In fact this group displays a  variety and range o f  strategies, w hich is indicative o f  a  

flexibility  o f  th ink ing  about num bers and m anipulating  them  in a variety o f  ways to  arrive at a 

solution. A n in teresting  strategy, categorized as optim izing, w as used by a num ber o f  the w orking 

ch ildren and in 1 instance also  by a  school child. This entailed the use o f  a  larger but m ore 

fam iliar num ber for carrying out the operation, and then subtracting  the additional sum  from  the 

answ er. This strategy w as particularly noticed in the follow ing problem : 24 * 4, w here subjects 

m ultiplied 25 by 4 to  get a  100 and then subtracted 4 from  a 100 (3 o f  the paanw allas, 5 o f  the 

new spaper sellers and 1 school child  used it).

A nother exam ple:

R .R. (paanw alla) age 16,

Problem : 50 * 30.

Solution: 30 into a 100 is 3000, h a lf  o f  that is 1500. 

and again, 75 * 30 was solved in the follow ing m anner:

- 3 0  * 100 =  3000

- 30 * 25 =  750

- 3000 - 750.

c. E rrors related  to  strategy (A ppendix  1 lc )

C ontrary  to  the first tw o operations o f  addition  and subtraction, w ord problem s involving 

operations o f  m ultiplication and division are m ore difficult to  decipher. School children  in the 

course o f  do ing  m ath often m aster the algorithm s for m ultip lication  and division but have 

difficulties identifying the needed operation w hen it is presented  as a w ord problem .

T he school group has problem s identifying the operation  to  be applied  for the given
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problem s. T his is already apparen t for the m ultiplication problem s and is m agnified in the case o f  

the div ision  problem s. O f  the 69  m ultiplication problem s w hich did not yield a correct solution 

for the school group, 21 are com pletely abandoned. A nother 8 are attem pted but the appropriate 

operation  i.e. m ultiplication is not applied, and 17 are dropped w ith the explicit statem ent that 

they do not know  w hich operation  to  use. A gain, o f  the problem s w hich are attem pted only 5 use 

the correct school procedure fo r m ultiplication, and 17 are tackled  using the strategy o f  repeated 

addition. S ince the school p rocedure o f  solving m ultiplication problem s involves the use o f  

m ultip lication  tables, this is an indication tha t subjects do not have these tables handy and som e 

o f  the children explicitly stated this.

The paanw allas on the o ther hand apply the right algorithm s, but m ake m istakes 

in com putation. The algorithm  varies from  repeated addition (52% ) to  associativity  or 

distributiv ity  (69% ) o r the school algorithm  (12% ). In fact this group displays a  variety and range 

o f  strategies, w hich is indicative o f  a flexibility o f  th inking about num bers and m anipulating them  

in a variety o f  ways to  arrive a t a solution. The new spaper sellers have considerable difficulty 

w ith com putations involving m ultiplication. O ut o f  a total o f  88 problem s that they are unable to 

com plete or solve correctly, they give up on a 54% (48). For a sizable num ber o f  the problem s 

(21) subjects w ere aw are o f  a solu tion  strategy but m ade no attem pt to  apply it, w hereas for 

another 10 they explicitly sta te that the num bers are too large fo r them  to cope w ith. 50%  o f  the 

problem s w ere attem pted using the right strategies, predom inantly  oral and non-schoollike, but 

w ith errors in com putation. T h e  lack o f  a  conventional num ber nam ing system  hinders their 

perform ance to  a large extent and though they are able to  recognize the procedure required, 

nam ely, that o f  successive addition , they are not able to  m entally carry out such operations.

Tw o points becom e clear in these observations - one, tha t the new spaper sellers find it 

increasingly d ifficult to identify the fam iliar num bers w hen they are presented in an unfam iliar
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setting, especially  as they com e to operations w hich are less frequently  used in the ir practices, and 

secondly, that they seem  m ore aw are o f  their ow n lim itations in solv ing the problem s presented. 

T hey  are therefore able to  analyze the ir ow n abilities and to  state that they cannot deal w ith 

certain  num bers. This m eta-analysis is seen also in the case o f  the school children, w ho are w illing 

to  adm it tha t they either do not know the necessary m ultiplication tables, and tha t they do not 

know  how  to tack le the problem  and therefore give up, as opposed to  the tw o previous operations 

w here m ost subjects are able to  apply the correct operation but not able to  give the correct answ er 

because o f  problem s associated  with bugs in the procedure. T he school children did resort to  non 

school-like solutions - m ainly repeated addition, w hich was applied with a fair degree o f  success 

(25%  o f  the unfam iliar problem s and 12% o f  the fam iliar m ultiplication problem s w ere solved by 

this strategy by the school group) w hich confirm s the fact that i f  the problem  is viewed as 

m eaningful rather than m erely m athem atical, solutions are m ore easily forthcom ing.

C orrelations:

T able 9.
C orrelations betw een m ultiplication m ath facts and w ord problem s.

SC PW N P

.552 .478 .667
(P=.009) (P=.042) (P=.002)

C orrelations are significant here for all three groups. T he school group m ade use o f  

m ultip lication  tables w here school algorithm  is indicated in the strategy analysis, and so did the 

paanw allas, w ho draw  upon the ir school learnt m ath w hen necessary. T he perform ance o f  the 

new spaper sellers was not very good, since a  large num ber o f  problem s w ere not com pleted. 

N evertheless the correlation is an indication o f  the ir use o f  w hatever related know ledge tha t they 

posses and w hich consequently  helps them  in the solution o f  problem s.
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d. Sum m ary.

On the m ultiplication problem s the accuracy o f  all th ree groups drops considerably. The 

w ord ing  o f  the problem s does no t directly indicate a  particu lar operation. In fact problem s 

involving m ultiplication are in  essence asking for a repeated addition , o f  w hich m ultip lication  is a 

m ore efficient substitute.

School children, accustom ed to  using form ulas find it m ore difficult to  zero  in on the 

right algorithm , in the absence o f  a clear and transparent dem and for m ultiplication. They 

therefore have problem s find ing  the "correct" algorithm , o r having found it, o f  applying it 

correctly . The m ultiplication algorithm  in the school contex t also  requires a  basic com petence o f  

m ultip lication  tables i f  the algorithm  is to  be m astered. The lack o f  such a com petence in itse lf  

becom es cause for abandoning  the problem s, w hich is w hat a  num ber o f  the  school ch ild ren  end 

up doing.

T he paanw allas w ho once again solve m ore problem s than the o ther tw o groups, indicate 

a better understanding o f  the problem s as well as the strategies that can be used in ach iev ing  this 

end. T he variety o f  strategies used by these subjects indicates an understanding o f  the num bers 

and th e  operation at a  conceptual level. They are able to  bring together the ir know ledge and 

understanding o f  the operations o f  addition and subtraction and apply it adequately  for the 

purposes o f  m ultiplication. Paan selling activity requires the use o f  this operation often  enough 

because o f  the need to  calculate the prices o f  items w hich are bought in num bers o f  tw o o r m ore, 

w hether they use m ultip lication  in the school form at o r sim ply as repeated  addition . A  num ber o f  

paanw allas did m ake use o f  m ultip lication  tables even though it w as m ore often done orally.

T he new spaper vendors have the m ost difficulty dealing  w ith these problem s, and 50%  o f  

the success rates are from  subjects who are enrolled in school. In a  large num ber o f  cases subjects
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m ake an  attem pt to  solve the problem  using adequate procedures, but give up m idw ay because 

they canno t keep  track o f  th e  num bers. T he absence o f  a conventional representation  system  for 

larger num bers, w hether orthographic or not, becom es a stum bling block for th is group and leads 

to  a poo r success rate. T he new spaper sellers could  need to  apply th is operation  i f  required  to  

calculate the p rice o f  m ore than one paper w hen selling  and especially  w hen calcu lating  the 

purchasing  prices. In actual fact they do not, and as stated earlier, th is is a culturally  d istributed  

activity  and no t always expected  o f  the individual se ller unless he or she is totally  capable and 

w illing  to  take it on independently. N evertheless the sellers keep at least a rough account o f  the 

am ount o f  new spapers sold and consequently  the corresponding sum s o f  m oney w hich they are 

accountab le for.

O f  the th ree groups those m ost easily w illing to  give up are the new spaper sellers, 

w hereas both the paanw allas - w ho persevere and succeed considerably, and the school children  

w ho use the ir tried  and tested  m ethods but very often not successfully , m ake an attem pt at the 

so lution  as far as possible.

All th ree groups how ever had h igher success rates w ith the unfam iliar problem s than with 

the fam iliar ones. A  pertinen t observation  tha t needs to  be m ade here is tha t all four p roblem s 

involving fam iliar num bers consisted  o f  2 digit num bers as m ultiplier, since the units o f  currency 

w hich occur com m only in vending transactions are m ultiples o f  5's and m ore often 25's - the 

com m onest o f  w hich are the 25 and 50 paisa coins. T hree o f  the four ’unfam iliar' p roblem s on the 

o ther hand had single digit m ultipliers. W hen these problem s w ere tackled orally  the m em ory load 

is vastly  reduced i f  a successive addition  is to  be perform ed less than 10 tim es as opposed  to  a 

successive addition  o f  over 20 tim es. This can be one o f  the reasons then that allow ed the 

new spaper se llers w ho use the successive addition  strategy to  have a h igher success rate w ith the 

unfam iliar problem s than w ith  the fam iliar ones. Sim ilarly since m ore children  are com peten t w ith
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m ultip lication  tables o f  up to  10, the single digit m ultipliers are easier to  w ork w ith. The 

m ultip lication  algorithm  in th is case involves less steps and reduces the potential for m aking 

com putational o r procedural m istakes.

W hen problem s w ere rephrased for the tw o w orking groups there w as a  dram atic and 

significant im provem ent in the accuracy o f  solutions for both groups - 92%  o f  the rephrased 

problem s w ere correctly  solved by the paanw allas, and 82%  by the new spaper sellers. The 

num ber in a  concrete and fam iliar context is no longer an abstract sym bol, but a  m anipulable 

entity  as seen in the follow ing exam ples:

F. (paanw alla), age 15:

Problem : I f  1 carton  contains 25 eggs, how m any eggs in 40 cartons?

Solution: 4 cartons will have a  100... 8 will have 200... 200+  200 =  400, how  m any cartons? 40?.. 

it's too  m uch... (gives up).

W hen the problem  is rephrased as: I f  one egg costs 25 paise, w hat is the price o f  40 eggs? 

Solution: Spontaneously converts the problem  to cigarettes and gives the follow ing solution:

I f  1 cigarette is 25p. 1 packet will be 2Rs. 50p. T hat m akes it 10 Rs. for 4 packets...so  40 

cigarettes will be 10 rupees.

S. (new spaper seller), age 13:

Problem : I f  1 necklace has 50 beads how m any beads w ould 30 necklaces have?

Initial attem pt: 50 +  50 is 100, 3 tim es is 300.... it's too m uch, I can 't do it.

W hen the problem  is rephrased as ' I f  one bead costs 50 paise, how  m uch will 30 beads cost? 

Solution: It will be 1 rupee fo r 2, w hich m akes 5 rupees for 10...so 15 rupees for 30 beads.
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4. DIVISION:

a. A ccuracy:

T here w ere sign ifican t differences betw een the three population  groups (F (2,45) =  4.67, 

P = .01). T he cigarette sellers perform ed significantly  better than the school group and the 

new spaper seller group as revealed by the D uncan's M ultiple R ange T est (gs < .05). D ifferences 

betw een the  new spaper sellers and the school group w ere not significant. Identical results w ere 

ob tained fo r the fam iliar condition (F (2,45) =  3.88, g  =  02) and in the unfam iliar condition  the 

paanw allas perform ed significantly  better than the new spaper sellers ( F (2,45) =  5.17, g< .009).

T able 10.
M ean accuracy scores o f  the three population  groups 

on the d ivision w ord problem s.

SC PW N P

D IV ISIO N 7.61 11.57 6.00

D IV ISIO N
FA M ILIA R 4.17 6.57 4.50

DIVISION
U N FA M ILIA R 3.44 5.00 1.50

T he perform ance on this set o f  problem s is closer to  that o f  the m ultip lication  problem s 

and significantly  w orse than problem s in the addition and subtraction  subgroups. T hough all three 

groups have better scores on the fam iliar problem s than on the unfam iliar ones this difference is 

m ost m arked for the new spaper sellers.

b. S trategies used for problem  solution. (A ppendix  lOd)

T he patterns o f  strategy use in the division problem s confirm  the earlier trends and both 

the paanw allas and school children  use reiteration m ore often than the new spaper sellers. W hile
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the school group leans heavily  on the w ritten m ode (95% ), the paanw allas use oral reiteration  o f  

num bers m ore often. T he new spaper sellers use reiteration  for only a sm all proportion  either in 

the w ritten form  (8% ) or in the oral form  (6% ).

MODES OF REITERATION 

DIVISION
70..................................................................................................................................................................................... ...........................

60

50

40

30

20

10

0
ACCURACY WRITTENORAL

X7~7\ sc PvXl PW  Zggei N P

Figure 12 : Modes of reiteration used by the three population groups for the 
operation of division

As for the strategies used in solution o f  problem s, the school group uses both w ritten and 

oral school algorithm s for d ivision for 48%  o f  the problem s w ith a  preference for the w ritten form 

and successive approxim ations for another 10%. T he tw o w orking groups use oral non-school 

strategies to  a  m uch larger extent and m ake a m inim um  use o f  school strategies. B oth these 

groups use the w ritten school procedure for d ivision only in the case o f  unfam iliar problem s.

T he category o f 'ju s tif ic a tio n  by answer' was applied w hen subjects w ere asked to  

explain  the strategy they used and they responded by doing the operation in reverse to  prove that 

the answ er w as correct for e.g. w hen asked how  a  problem  like 100/25 was solved, the 

explanation  is likely to  be - 25, 25, 25 and 25 m akes 100, so it 4 tim es 25 is a  100.
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STRATEGIES USED

DIVISION
80

PERCENT 40

20

70

60

SO

30

10

ACCURACY NON-SCHOOL SCHOOL-UKE

\7~7\ sc  rVS3 p w  rg?2 n p

Figure 13 : Strategies used by the three population groups for the operation of 
division

T his category  is observed only in the tw o vendor groups and is taken  as an indication o f

unschooled subjects.

d. E rrors related to  strategy. (A ppendix  1 Id)

T he errors and reasons for inability o f  solution for this set o f  problem s again 

approxim ates the m ultip lication  problem s. The m apping on o f  the appropriate operation  itse lf  is a 

problem , and the school ch ildren  for a total o f  77 problem s use either a w rong operation  (12% ), 

do not know  w hat operation to  use (47% ) o r give up in perplexity (19% ).

T he paanw allas have a fairly good idea o f  the strategies involved bu t lose ou t in the oral 

ca lculation (53% ). T hey use successive approxim ations m ost often, but tend  to  m ake 

com putational errors and to  lose track  o f  the num bers.

The new spaper sellers perform  poorly on these problem s, and there is a significant

the inability to  give a  verbal explanation o f  a m ental process, w hich has often  been reported in
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difference in  the ir scores on  the fam iliar problem s as com pared to  the unfam iliar ones. O f  a  total 

o f  82 problem s to  w hich correct solutions w ere not given, they com pletely  abandon 23, stating  

tha t they don 't know  w hat to  do (12), o r that num bers are too  big (7), and try ing the ir hand at 

successive approxim ations (31), and school algorithm s (6), but com ing up w ith com putational 

errors here.

C orrelations:

S ince subjects w ere not assessed for division m ath facts, correlations betw een addition, 

subtraction  and m ultip lication  m ath facts and accuracy scores on d ivision w ord problem s w ere 

com puted.

T able 11.
C orrelations betw een accuracy scores 

on d iv ision w ord problem s and m ultip lication  m ath facts.

SC PW N P

.709 .534 .440
(P=.000) (P=.025) (P=.044)

C orrelations betw een the m ultiplication m ath facts and division accuracy scores w ere 

high for all th ree groups. M ath facts o f  a m ultiplicative nature, w hether in the form  o f  tables or as 

alternative substitutes, w ere used to  a  large extent w hether to  buttress the school algorithm  o r the 

m ethod o f  repeated  addition.

d. Sum m ary

O n the division problem s the paanw allas perform ance is significantly  better than both  the 

o ther groups and th is holds fo r the subset o f  fam iliar problem s. O n the unfam iliar problem s they 

perform  better than the new spaper sellers but not significantly better than the school children.



106

D ividing is an operation w hich is theoretically  applicable in both the w ork situations but in actual 

fact can  be to tally  avoided by the new spaper sellers and to a large extent by the paanw allas. The 

school ch ild ren  on the other hand are required to  learn the applications o f  this operation  over the 

routine progression o f  the m ath syllabus, though it is the operation that is introduced last in the 

sequence and w ould norm ally be introduced to  children  at about ages 8 to 10 in grade 3. 

Subsequently  this group w ould have least experience o f  dealing  with this operation  in the school 

context. T hat the ir perform ance peters out as they com e to the division problem s is not surprising.

5. REPHRASING.

A second order o f  analysis w as carried out for the fam iliar group o f  w ord problem s for 

the operations o f  m ultiplication and division. The problem s w ere rephrased using the sam e 

num bers but w ere presented in a form  w hich is directly m appable onto concrete perceptual objects 

they are used to  w orking with. This was done to answ er the follow ing question: I f  the 

representation  o f  num bers for the children w ho learn to  deal w ith them  through the m onetary 

system  hinges on com m on m onetary denom inations, then does it becom e easier for them  to 

operate w ith num bers w hich can be m apped on to  such figurative representations?

T hese problem s had been rephrased to  render fam iliar not only the num bers but also  the 

conten t o f  the problem s. In the original form at, num bers with w hich the w orking groups had a 

g reater fam iliarity  w ere presented in w ord problem s w here the num bers w ere fam iliar but the 

conten t w as neutral for all th ree population groups. For e.g. the num ber 50 was used in the 

follow ing problem : I f  one necklace has 50 beads, how  m any beads w ould 30 necklaces have?

H ere the num ber 50, w hich as a m onetary denom ination is com m only used in vending 

transactions, rem ains an abstract num ber. W hen the sam e num ber is presented as 50 paise, in a 

rephrased form  such as: I f  one bead costs 50 paise, how  m uch will 30 beads cost?, it takes on a
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contextual significance and a  representational form  that can be directly m apped on  to  everyday 

dealings o f  the  w orking children. A  rephrasing o f  these tw o sets w as done on th is basis w ith  the 

num bers rendered as m onetary denom inations.

T he results w ere then analyzed to  ascertain  the degree to  w hich it actually  helped  each  o f  

the th ree population  groups. T able 12 com pares the groups and indicates the proportion  o f  

problem s tha t required rephrasing  as a consequence o f  the inability to solve it on the first 

representation , and the proportion  o f  problem s subjects are able to  solve, as a resu lt o f  

rephrasing.

TA B L E  12.

Proportion o f  m ultiplication and division w ord problem s 
solved as a function o f  rephrasing.

M U LTIPLIC A TIO N D IVISION

Initially R ephrased&  initially Rephrased&  
Incorrect correct incorrect correct

SC .55 .125 .50 0

PW .50 .92 .21 .75

N P .81 .82 .47 .43

A one w ay analysis betw een groups o f  the extent to  w hich rephrasing helps indicates 

h ighly significant d ifferences (F(2,45)=23.87, g , < .001). The D uncan's M ultip le R ange T est 

show s that the new spaper vendors benefitted m ost from  the rephrasing, and that for the school 

group the rephrasing did not m ake any difference. For the cigarette sellers too  rephrasing  did help 

bu t not to  the sam e extent as it did the new spaper sellers, even if  this arises from  the fact that the 

initial perform ance o f  th is group was better.
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6. Effects of familiarity:

TA B L E  13.
Com parison o f  the th ree groups on the tw o levels 

o f  fam iliarity  across the four operations.

PRO BLEM S

G R O U PS FA M ILIA R U N FA M ILIA R

SC M =19.33 M = 19.22
SD =9.87 SD= 11.23

PW M =27.14 M =25.00
SD =3.77 SD=6.58

N P M =21.62 M =16.18
SD=4.95 SD=7.72

T he significant differences analyzed by the D uncan's M ultip le Range T est w ere in the 

fo llow ing direction: the cigarette sellers' scores w ere significantly  h igher than those  o f  the school 

group and the new spaper sellers (ps .05). F or the unfam iliar problem  set, the d ifferences w ere 

sign ifican t at the .03 level. T he intergroup differences how ever w ere significant only betw een the 

new spaper sellers and the cigarette sellers (D uncan's M ultiple Range Test, ps .05).

A lthough there are no statistically  significant differences betw een the new spaper sellers 

and the school group on either the fam iliar o r the unfam iliar problem s across all four operations, a 

look at the m eans indicates an interesting trend. The new spaper sellers perform  m arginally  better 

than the school children  on  the fam iliar set o f  problem s but on the unfam iliar set their 

perform ance is worse. R elated to  this is the finding that here the new spaper sellers differ from  the 

o ther tw o groups when w ithin group differences on the two conditions o f  fam iliarity  are taken into 

account. O n these w ithin-group differences the school children and the paanw allas present a 

sim ilar picture. T he school group gains no special advantage from  the fam iliarity factor since it
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w as based on the use o f  the m onetary denom inations, w hich is not the locus o f  identification  for 

them . T he cigarette sellers had better scores on  the fam iliar problem  set but the difference is not 

sta tistically  significant. B ecause o f  the ir extensive and varied use o f  num bers, they seem  to  have 

canceled  out any advantage tha t num bers corresponding to  m onetary denom inations should hold 

fo r them . They resem ble the school group on differences betw een fam iliarity levels, although their 

perform ance is m uch better on  both. The new spaper sellers perform  significantly  better on the 

fam iliar as opposed to  the unfam iliar problem s. (F( 1,30) =5.62, p= .02). W e can conclude then 

tha t the cigarette sellers, because o f  the ir flexible use and variation o f  num ber com bination , are 

ab le to cross the unfam iliarity  barrier and to  deal w ith these num bers w ith alm ost as m uch ease as 

they do the m or fam iliar num bers. The new spaper sellers on the o ther hand because o f  the ir m ore 

constricted  use o f  num bers are able to  w ork w ithin the fam iliar dom ain w ith m ore ease and 

efficiency than w ithin the unfam iliar dom ain.

7. Within Group Comparisons.

A relative com parison o f  perform ance w ithin each group on the four operations and the 

tw o fam iliarity  conditions w hich was subsequently  carried out will be useful in understanding 

these results.

For the school group the  D uncan's M ultiple Range T est indicated a significant d ifference 

betw een the addition  and the div ision  scores (ps.05). T able 3 indicates a gradual decrease in the 

scores, w ith a m ean o f  11.83 on the addition problem s and a m ean o f  7.61 on the division 

problem s. This is consistent w ith the rationale o f  the school m ath syllabus, w hich assigns a 

hierarchical ranking to  the four operations on an order o f  difficulty and therefore also  introduces 

them  into the w ork schedule o f  school children in this sam e order.

T he cigarette sellers' perform ance does not conform  to th is order. A one w ay analysis
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revealed significant differences w ithin the group for perform ance betw een the operations (F 

(3,52) =  8.97, p= .001). The D uncan's M ultiple Range T est revealed that accuracy scores for 

addition  and subtraction w ere higher than scores on m ultiplication and division. Though these 

significant differences are in th e  predicted order, a look at the m eans gives a slightly  different 

picture. The addition and the subtraction problem s clubbed together show ed significantly  higher 

scores than the m ultiplication and division problem s. H ow ever, w ithin both subsets, the m eans for 

the supposedly m ore difficult operation are higher for th is population group. The m ean for the 

subtraction  problem s is 15.50 as com pared to  a m ean o f  14.64 for the addition problem s.

Sim ilarly, a  m ean o f  11.57 on the division problem s is h igher than the m ean o f  10.43 on the 

m ultip lication problem s.

T he pattern o f  perform ance o f  the new spaper sellers approxim ates that o f  the paansellers 

rather than the school children, w hereas the level o f  perform ance is closer to  tha t o f  the school 

children  and low er than that o f  the cigarette sellers. A one way anova revealed highly significant 

differences betw een the two subsets (F (3,60) =  22.84 p<  .001). The Duncan's M ultip le Range 

T est revealed  that perform ance on both the addition and subtraction problem s w as significantly 

better than the ir perform ance on the m ultiplication and division problem s, (ps .05). D ifferences 

betw een addition  and subtraction  and betw een m ultiplication and division w ere not significant, 

but as in the case o f  the cigarette sellers these differences w ere not in the predicted  direction. The 

perform ance o f  this group is again m arginally better for subtraction than for addition  - the m ean 

for subtraction  is 13.69 as com pared to the m ean for addition  w hich is 12.24. T he m eans for 

m ultip lication  and division are exactly alike - 6.00 for both  operations w ith standard  deviations o f  

3.72 and 3.84 respectively.

The standard deviations across the operations w ithin each group are also  w orth noting. 

A lthough all three population groups have the highest standard deviations on the division
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problem s the school population group has larger standard deviations for all four operations than 

the o ther tw o population  groups. S tandard deviations for the school group range betw een 4.55 for 

addition  to  6.47 for division, fo r the cigarette sellers betw een 1.66 for sub traction  and 4.21 for 

d ivision problem s and for the new spaper vendor group the range is betw een 2.52 fo r subtraction  

and 3.84 for the d ivision problem s, w hich suggests that the school group is less uniform  in its 

perform ance than the  tw o w orking groups.

8. Effects of age, schooling and years of experience.

C ontributions o f  age to  the accuracy levels w ere com puted by a regression analysis 

across all th ree groups, and a significant am ount o f  variance in the scores is accounted fo r by this 

factor (R  square =  .23, F=13.52, p =  .0006). Age, therefore is a  significant pred ic tor o f  success, 

and th is factor w as contro lled  for in the earlier analyses for d ifferences as a function  o f  

population  groups.

Regression analyses w ere also  carried out for the two w orking groups to  evaluate the 

contributions w ithin these groups o f  age, experience and schooling. The variance contributed  by 

these th ree factors is considerable (R  square =  .36, F=7.62, p =  .002). H ow ever though  the 

contributions o f  years o f  schooling (t=2.28, p= .03) and o f  age (t=2.07, p= .04) w ere significant, 

years o f  experience did not contribute significantly. This could be explained by the fact th a t it is 

the quality  o f  experience ra ther than its duration that m akes an im pact on  the arithm etic ability  o f  

the subjects. Therefore a  basic participation w ithin each activity ensures an understanding  o f  

arithm etical relationships, w hich does not necessarily  transform  w ith years o f  practice. T hat the 

nature o f  the activity  contributes to  these understandings is brought out by the very significant 

d ifferences betw een groups as a function o f  the nature o f  the vending practice.
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9. Comparison on the basis of sex.

T hough the sam ple fo r th is study w as selected  on  the assum ption that there are no 

inherent d ifferences in perform ance on arithm etic tasks on the basis o f  sex, an analysis was 

eventually  carried out to  ascertain  any such differences that m ay have been m anifested by the 

subjects o f  the tw o groups w hich did include fem ale subjects. Independent sam ple t-tests w ere 

carried  out for each  o f  the tw o groups separately, but neither the school group nor the new spaper 

sellers show ed any significant differences in perform ance on the basis o f  sex.

Summary: A vocabulary of a language for mathematics.

T o sum  up the perform ance on the four operations, w e see that the paansellers 

are m ore proficient than the o ther tw o groups on all four operations. D ifferences and sim ilarities 

betw een the th ree groups w ere seen at levels o ther than the overall accuracy scores.

T he school children  have their best scores on the addition  problem s, and subsequently  

there is a  steady decrease over subtraction, m ultiplication and division. T here was no indication  o f  

d ifferences betw een the ir perform ance on the fam iliar num ber problem s and the unfam iliar 

num ber problem s on any o f  the four operations. W hen m ultip lication  and division problem s w ere 

rephrased  in m onetary denom inations no significant changes w ere recorded in the accuracy o f  

answ ers. T hese findings can be interpreted in the context o f  the practice o f  schooling  as described 

in chapter 5, based on the ethnographic observations o f  this practice. T he school curriculum  for 

m athem atics begins w ith fam iliarizing children  w ith the conventional sequence o f  num ber nam es 

and the ir use in counting. C hildren  are at the sam e tim e taught to  recognize and begin to  w rite the 

orthographic sym bols o f  th is sequence. Schedules are se t annually  and w hether or not children  

understand the concept o f  num ber in relation to  this conventional system , they are expected  to
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m aster it. T he next step is to  in troduce the four arithm etic operations in the prescribed o rder o f  

addition , subtraction, m ultip lication  and division. Each operation  carries w ith it a  prescribed 

m ethod or w hat we call the school algorithm . These operations are initially em ployed in 

com putational exercises and later on as em bedded in w ord problem s. O bservations o f  the 

situations w ithin w hich the participants o f  this study cam e from , revealed that school settings and 

the m ath schedules focus m uch  m ore on the curriculum  than on the children w ho are to  acquire an 

understanding o f  the curriculum . Teachers are keen that students learn the algorithm s and great 

im portance is attached to  co rrec t answers.

T he strategies used by the children and the kinds o f  errors seen in the ir so lu tions reflect 

the form s o f  learning and in teraction  o f  their num ber related practices. The im m ediate response o f  

the school child  to the experim enter's questions was to  start w riting, even though the questions 

w ere posed  orally. T he strategy analysis reveals tha t for th is group, the m apping  on o f  the 

operations is easier in the case o f  addition and subtraction than it is for the problem s involving 

m ultip lication  and division, operations. A lack o f  understanding o f  the place value system  is 

exhibited, w hen routine procedures are applied and no concern is registered in the case o f  

anom alous answers. This is b rought out also by the fact that this group shows no effect o f  the 

condition o f  fam iliarity. T hough problem s in the fam iliar subgroup w ere presum ed to  have a 

h igher fam iliarity  rating  for the  tw o w orking groups by v irtue o f  having been based on  the 

m onetary system , they should  by the very rationale o f  a base ten system , be m ore accessib le to  the 

school population  as well. But since the priority seems to be granted to the algorithm rather 

than to the numbers in the context o f  the word problems, this advantage is lost in the process 

o f the actual working out o f the problem. In fact the w ord problem s for this group are seen as a 

challenge to  d iscover the appropriate  operation rather than a  num erical problem  w ithin a 

m eaningful context. A fair num ber o f  the respondents com m ented on this aspect for exam ple, "I
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should  do addition  here, isn't it?", or, "Can you tell m e w hether to  use m ultip lication  o r d ivision 

for th is problem ?" or again, " If  you tell m e w hat operation to  use I can  do i t . " T he num ber 

sym bols and the prescribed procedures to  w ork w ith these sym bols becom e so predom inantly  the 

focus in th is se tting  tha t the im plications o f  w ider relationships to  any m eaningful contexts seem  

to  get obliterated  in the process. The classroom  context o f  "doing" arithm etic as a 

decontextualized  activity seem s to place lim its on its application  U nderstanding  o f  the num erical 

relations and operations, w hich should form  a basis o f  learning in school, w ould m ake the task  o f  

p rogression from  one operation  to  another easier, and is the princip le on w hich the sequential 

in troduction o f  the operations is based. C onsequently  a know ledge o f  properties o f  addition , for 

exam ple, should m ake the reverse operation o f  subtraction that m uch easier to incorporate, as also 

the property  o f  repeated  addition  w hich is im plicit in the operation  o f  m ultiplication. T he practice 

o f  arithm etic in the classroom  does not m ake such an understanding obligatory. T he m eans o f  

evaluation  in the classroom  is a correct answer, w hich can be arrived at sim ply by applying the 

co rrec t procedure w hether or not the student understands the rela tionsh ip  betw een the problem  

and the procedure. T he negative consequence o f  com m itting errors are likely to be, initially, 

rebuke from  the teacher, and subsequently  failure in the exam inations. In any case the m argin o f  

erro r is large since w ith a m inim um  o f  thirty percent m arks the child  is declared  successful in a 

subject. A n incorrect solution does not entail any econom ic losses, as it w ould in the case o f  the 

w ork ing  children.

A lthough the new spaper sellers did not have significantly  better overall scores than  the 

school group, the ir perform ance on the fam iliar addition  and subtraction  problem s was 

significantly  better than the latter. O verall scores for fam iliar problem s across operations w ere 

h igher for th is group than they w ere for the school group, and accuracy scores across the 

unfam iliar set w ere lower, though neither o f  the tw o w ere statistically  significant. A com parison
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o f  the ir perform ance betw een operations indicates a  m arked d ifference betw een addition  and 

subtraction  on the one hand and the m ultiplication and division problem s on the other. H owever, 

in contrast to  the school children, but in consonance w ith the perform ance o f  the paanw allas, 

sub traction  accuracy scores w ere better than the addition scores, and the m eans for m ultiplication 

and div ision  w ere identical. A gain, unlike the school group, the ir perform ance on the fam iliar 

num ber tasks was significantly  better than for the unfam iliar ones. W hen m ultip lication and 

div ision  problem s w ere rephrased in term s o f  m onetary denom inations, a  highly significant 

im provem ent w as evident in the accuracy scores. A ccuracy scores o f  these tw o groups are an 

indicator o f  the ir sim ilarities, bu t do not form  the com plete picture; the differences are indicated 

by the quality  and practice o f  the ir functioning.

T he selling  o f  new spapers involves arithm etical activity in w hich counting (o f  

new spapers o r m oney), recognition o f  m onetary denom inations and the operations o f  addition  and 

subtraction  are necessary and sufficient skills. M ore com plex num erical skills are an asset but not 

strictly  necessary for efficient functioning. Perform ance for this group, when m easured across the 

four operations, not taking the fam iliarity d im ension into account, was equivalent to that o f  the 

school group, but significantly  less accurate than that o f  the paanw allas. Perform ance on the 

subtraction  problem s, and on the "fam iliar" addition problem s w as significantly  better than the 

school group. Therefore the school experience and the new spaper selling  experience though 

disparate , lead to  a sim ilar level o f  m athem atical cognition. The d ifferences w ithin the group on 

each o f  the four operations and the two levels o f  fam iliarity are also indicative o f  the the ir 

engagem ent w ithin the practice. These results reveal significant d ifferences for the ir perform ance 

on the first tw o as com pared to  the last tw o operations. M ultip lication  and division are operations 

rarely used in the practice o f  the ir trade, and though their com petence o f  w orking w ith these 

procedures is lim ited, their conceptual understanding o f  the relationships espoused by these
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problem s enables them  to solve successfully  a portion o f  the problem s. T he m ethods they used 

w ere unconventional, nam ely repeated addition  for the m ultiplication problem s and successive 

approxim ations fo r the div ision problem s. A cross the board, the problem s that th is group found 

d ifficu lt to  solve w ere those involving large num bers. H ow ever, w hen rephrasing in term s o f  

currency denom inations was undertaken this group show ed the m ost dram atic im provem ent in 

perform ance. F or exam ple, w hen the follow ing m ultiplication problem , "If  one packet contains 25 

eggs, how  m any eggs will 40 packets contain?" was posed only 1 out o f  the 16 subjects had a 

correct answ er, though another 4 had attem pted it but lost count the num bers. W hen the sam e 

problem  w as rephrased as "If  one egg costs 25 paisa, how m uch will 40 eggs cost?" 13 o f  the 

subjects solved it successfully . Strategies ranged from "If  one egg is 25 paise, 10 eggs will be 2 

rupees 50 paise, 40 is 4 tim es 10, so 4 tim es 2.50 will be 10 rupees" to  "4 eggs will cost 1 rupee, 

10 tim es tha t will be 10 rupees". Sim ilarly, the difference in perform ance betw een the fam iliar 

and the unfam iliar problem s is significant only for this group.

T he inaccessibility  o f  a conventional and formal system  o f  counting  and representing  

num bers puts constrain ts on this group and becom es a lim iting factor in their ability to  operate 

w ith  num bers. This inability gets m agnified as num bers get larger and farther rem oved from  a 

fam iliar dom ain. C ontextualizing the num bers w ithin an understandable vocabulary partly 

overcom es this constra in t as is obvious from  the results obtained w ith rephrasing. G iven the fairly 

lim ited range o f  num bers in the ir daily practice, the possibilities o f  delegating  com putational 

responsibility  and the lack o f  m otivation for engaging in m ental exercises o f  a num erical kind, the 

perform ance o f  th is group is rem arkable in that it averages the accuracy level o f  the school 

children . This group has the m axim um  num ber o f  unschooled and illiterate subjects w ith little 

opportunity  to  acquire the know ledge o f  a  conventional num ber system . T he know ledge o f  

num ber nam es extends only up to  40 for m ore than 50%  o f  them , know ledge o f  the orthographic



117

system  being even m ore lim ited, and though som e unconventional form s o f  enum eration  and 

num ber representation  have been devised by these subjects, it is basically  for the purpose o f  

dealing  w ith a  lim ited range w ithin w hich their num ber involvem ents function, and therefore does 

not extend com fortably to  larger num bers o r unfam iliar ones.

O f  the three groups, the  paanw allas have the highest accuracy scores on all four sets o f  

problem s w hether they involve fam iliar num bers o r unfam iliar ones. A lthough the ir perform ance 

on the fam iliar problem  set is better than that on the unfam iliar problem s, the difference is not 

statistically  significant. A gain, when the m ultiplication and div ision  problem s are rephrased in 

term s o f  m onetary denom inations their scores show  a significant im provem ent. T he perform ance 

o f  th is group is superior to  tha t o f  both the school group and the new spaper sellers across all four 

operations and on the fam iliar problem  set. For the unfam iliar problem s the equations change and 

the difference betw een the cigarette sellers and the school group ceases to be significant w hereas 

that betw een the two w orking groups rem ains so. This is because the perform ance o f  the school 

group is no different for the unfam iliar problem s than it is for the fam iliar ones, since they tackle 

all p roblem s and num bers in a standard school-like m anner, w hereas a drop in the scores o f  the 

unfam iliar problem s for the paanw allas bridges the gap betw een these two groups to  som e extent.

T he ability  o f  the paanw allas to transcend the fam iliarity context can be related  to  their 

versatile and varied use o f  num bers as currency and as quantities. T heir know ledge o f  m ath facts 

supports this hypothesis, w here facts for small num bers and "fam iliar" num bers far exceeds their 

store o f  m ath facts for "unfam iliar" num bers, and yet they succeed to use them  to advantage in 

dealing  w ith unfam iliar num bers as well. This is seen in their use o f  m ath facts in dealing  with 

unfam iliar num bers after they are broken down into m ore fam iliar units.
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CHAPTER IX.

Related M athem atical Tasks.

C om bined O perations and P rofit and Loss.

T he tw o sub-tasks o f  C om bined operations and the Profit and Loss problem s w ere 

included as m ore advanced m athem atical problem s w hich all three population  groups encounter in 

the course o f  their practices. T here is a difference how ever in the ways they encounter these 

problem s and the degree to  w hich they m ay or m ay not actually  engage w ith them . O f  the tw o 

w orking groups the cigarette sellers deal w ith a m uch larger variety o f  goods as well as 

denom inations o f  notes and coins. The very nature o f  paanselling  involves the use o f  m ore than 

one operation  for a  m ajority o f  the ir transactions. A steady stream  o f  custom ers each m aking a 

purchase w hich varies in price and quantity, necessitates com putations o f  th is nature.

As for the concepts o f  profit and loss, these are com putations the sam ple included here 

does not necessarily  have to deal with, on a daily basis. The very organization  o f  the activities and 

the ir feasability  depends on som e form  o f  profitability. In the case o f  the paanw allas, it is the 

ow ner w ho m ake decisions abou t buying, selling  and pricing and therefore calculations o f  profits 

and losses as well. H ow ever, the assistance rendered by the subjects in our sam ple in keeping 

accounts, dealing  w ith w holesalers and taking stock o f  sales etc. does give them  an exposure to 

this aspect o f  the activity  as w ell.

For the new spaper se llers the opportunities for using a com bination o f  operations arises 

less often, since the new spapers are alm ost always sold in quantities o f  one, w here prices are 

fixed and there is not always need to  return change. O pportunities for the calculations o f  profit 

and loss do arise, since sales fo r the day need to  be accordingly oriented. H ow ever, as observed in 

the ethnographic enquiry, ch ildren  keep track o f  the am ount initially invested and strive to  cross
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that m ark  in the ir sales. T here is no conscious effort o f  calculations o f  profit and loss on each 

item  or on an  everyday basis.

T he school ch ildren  encounter w ord problem s involving com putation o f  com bined 

operations, profit and loss and proportion in the course o f  the ir school m athem atics curriculum , 

and these are in troduced after the basic operations are considered to  have been m astered  although 

th is is not necessarily  true in practice and there is no indication that children have indeed m astered 

these operations and understood the principles w hich w ould enable them  to proceed to  the next 

stage. The syllabus is set and introduced according to  grade level, w hether or not a child  is ready 

for it, and w ord problem s involving com bined operations are in troduced by class 4, w hereas profit 

and loss problem s en ter the syllabus in the 6th year o f  school. T able 14 com pares m eans o f  the 

th ree population  groups on these sub-tasks.

TA B LE 14.
C om parisons o f  the T hree G roups on C om bined O perations 

A nd Profit and Loss Problem s.

SC PW N P

C O M B IN ED M=3.61 M =7.87 M =6.12
O PER A TIO N S SD=2.74 SD=1.40 SD=2.33

PR O FIT  & M =5.00 M =12.14 M =7.37
LOSS SD=4.61 SD=3.08 SD =4.84

Significant differences w ere observed for the th ree population groups on  the task  

involving com bined operations (F (2,45) =13.98, p < .001). Duncan's Range M ultip le T ests 

revealed  tha t both the new spaper sellers and the cigarette sellers scored h igher than the school 

group, and tha t the cigarette sellers scored higher than the new spaper sellers (ps .05).

T he profit and loss problem s also revealed significant d ifferences betw een the groups 

(F (2 ,45)=10.95, p .<.001). T he paanw allas perform ed better than both the school ch ildren  and the
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new spaper se llers (D uncan 's M ultip le Range Test, ps .05). Though the new spaper sellers had a 

h igher overall score than  the school group the d ifference is not statistically  significant.

Proportions Sub-task:

B oth vending activities i.e., cigarette and new spaper selling, require som e am ount o f  

proportional calculations, and the school curriculum  introduces such problem s in grade 6 w hen 

ch ildren  are 11 to  12 years old. School children  fared badly on th is task, and the new spaper 

vendors fared m arginally better (Table 15).

TA B LE 15.
C om parisons o f  the T hree  Population G roups 

On the P roportions Sub Task.

SC PW N P

PR O PO R TIO N M=. 166 M=1 .85 M =.812
SU B -TA SK SD=.383 SD= 1.70 SD =1.16

The differences w ere significant (F(2,45)=8.38, p « 0 0 1 )  and the cigarette sellers 

perform ed better than both the new spaper sellers and the school children (D uncan 's M ultiple 

Range T est ps .05). T he new spaper sellers' perform ance was better than that o f  the school group, 

but not at a statistically  significant level.

Summary:

T he perform ance on these tasks supports the earlier findings that the num ber 

com putations and arithm etic reasoning abilities o f  the th ree population  groups are in consonance 

w ith the cultural practices w ithin w hich they function. School children  are less com peten t with 

tasks that accord ing  to  the school syllabus itse lf  are graded as m ore advanced and consequently  

introduced later in the curriculum . C om petence on these tasks requires an understanding o f  the
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operations o r atleast a basic fam iliarity  w ith them . The results support th is hypothesis and 

perform ance o f  the th ree groups is in consonance w ith the ir perform ance on the earlier w ord 

problem s. B oth groups o f  w orking children displayed m ore com petence than the school group on 

all three tasks.

T he paanw allas had a  high percentage o f  correct solutions on both  the com bined  

operations and the profit and loss problem s. T heir perform ance on the proportions problem  was 

better than that o f  the o ther tw o groups, though all three groups fared badly on  th is subset. The 

facility  o f  the paanw allas w ith the com bined operations task  is explained by the extensive use o f  

this kind o f  com putation in the course o f  their vending added to  the ir com petence w ith the 

arithm etic operations.

T hat the new spaper se llers have higher scores on the com bined operations task  is further 

confirm ation  o f  their understanding and subsequent facility if  the num bers are not unm anageable. 

A large part o f  the ir difficulties in the operations arose from  the ir inability to  retain  the num bers 

w hich w ere too large or for w hich they did not cryptic labels in the form  o f  num ber nam es. T heir 

system  o f  enum eration is a  cum bersom e one , w hich increases the load on m em ory. T he use o f  

prices allow s them  to break free o f  this constraintand to  focus on the problem  and its 

com putation, and as the results indicate they do it rem arkably well. In fact for the tw o w orking 

groups these tw o tasks are m ore grounded in the context o f  the ir practices than the w ord problem s 

represen ting  the four operations.

T he findings in this study therefore are in keeping with the research findings review ed 

earlier. T hat the com putations and calculations o f  the vendors can be described as m athem atical 

activity  has been well brought out by N unes, Schliem ann and C arraher (1993). T hey  define 

m athem atical activity as:

... not concerned w ith observation, experim entation, or causation  but w ith deduction. In
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other w ords, m athem atical activity is not carried out in order to  d iscover relationships 

about em pirical events but is an exploration o f  relationships betw een representations. It 

is a process o f  m aking inferences tha t starts w ith representations that m ake possib le the 

use o f  form alization (p. 128). 

and go on  to  dem onstrate how  the definition is applicable to  street m athem atics in as m uch as 

transactions carried on in street m arkets are regulated by both social as well as logical rules, 

w hich are not synonym ous w ith  em pirical laws but m utually recognized obligations to  behave in 

consistent but not inevitable ways. T hat the subjects in our study w ere able to  respond to 

problem s at a  theoretical level is obvious from  the very form ulation o f  the problem s w hich are 

posed theoretically  and in contexts that do not duplicate the contexts o f  practice. A t the sam e tim e 

the m athem atical know ledge is deeply influenced by the social context w ithin w hich it was 

acquired. This is dem onstrated  by the m odes o f  representation, the representational signs and the 

strategies o f  dealing  w ith m athem atical problem s.

C hildren in the vending groups show  a preference for oral m odes o f  problem  

solving, and representations are  sym bolized as m uch by the conventional num ber system  as by the 

m onetary denom inations through w hich their interactions with a num ber system  are abstracted. 

V endors in this study obtain higher accuracy scores w hen problem s are form ulated in term s o f  

currency denom inations, w hereas children in school do not gain from  this form  o f  representation. 

N o t only does the rephrasing help, but subjects from  am ong these groups som etim es 

spontaneously  sw itch to  this form  o f  representation, for exam ple, F., paanw alla, aged 15, when 

confronted  w ith the problem  o f  dividing 240 m angoes into 12 baskets, proceeds in the follow ing 

m anner: "...120 will be 10 each , packets o f  20 will be double, so i f  you had 12 packets o f  20, it 

will be 240. 12 packets will be 20 each". This is not to  say that the representations concretize the 

situations, since the problem s are ultim ately rem oved from  the concrete vending experiences.
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Sim ilarly, ch ildren  w hose practice is em bedded in the oral m ode rely heavily on th is m ode for 

problem  solving than do children  w ho predom inantly  practice the ir m athem atics in school 

settings. Such findings have been reported by research on street vending and establishes the 

socio-cultural con tex t o f  m athem atical activity (Saxe, 1991; N unes, Schliem ann and C arraher, 

1993). T hat learning in school or out o f  school is linked to  specific practices w ithin each "arena" 

as she term s it, is established by Lave's research with tailors in L iberia (Lave and Reed, 1979), 

w ith grocery shoppers in C alifornia (1988) as m uch as it is by m ost o f  the research program s 

cited  earlier (Scribner & C ole, 1981; Posner, 1979; Saxe, 1991). This study confirm s the ir 

findings and both groups o f  vendors are better able to deal w ith addition  and subtraction  than they 

are w ith m ultip lication  and division, w hereas the practice o f  schooling gives rise to  a d ifferent 

sequence. T hat com bined operations are better handled by the sellers than they are by the school 

group is a  confirm ation o f  this fact ju s t as m uch as the abity o f  the tw o w orking groups to  deal 

w ith subtraction problem s w ith higher efficiency than the addition problem s as a consequence o f  

the practice o f  the ir activity.

O bservations o f  the practice o f  m athem atics located in the everyday activities o f  the 

participants have been adm irably conducted by Lave and her cow orkers. T he d isparity  o f  success 

on arithm etical problem s in the course o f  the activity (superm arket and best-buy problem s) and in 

a test perform ance in the sam e group o f  subjects is considerable and indicates the significance o f  

the se tting  and the level o f  involvem ent as facilitators o f  cognitive functioning (Lave, 1988). In 

the idea o f  apprenticeship  or learning in practice, she states,

...the child 's understanding (giving significance to, and critical analysis o f  relations o f  the 

sub ject to  o ther aspects o f  the life w orld) encom passes and gives m eaning and value to 

the subject m atter, the process o f  learning it, and its relations w ith the learners life and 

activity  m ore generally. (Lave, 1990, p.325)
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The settings o f  the w ork situations provide its m em bers w ith a  variety  o f  external aids 

w hich facilitate the m athem atical problem  solving ju s t as school procedures are designed to  assist 

its participants in the ir problem  solving activities. It is precisely  th is infrastructure inhabited  by 

people and objects that guarantees the sm ooth and successful functioning o f  the transactions that 

take place in each w ork setting. U nfortunately, in the present research context, the accuracy o f  

m athem atical problem  solving in the course o f  w orking could  not be em pirically  dem onstrated 

and docum ented due to  unavoidable constraints, though questions pertain ing to  the practice w ere 

asked, and interview s w ith the  paanshop ow ners in the case o f  the paanw allas, and w ith 

co-w orkers and the adults in the case o f  the new spaper sellers confirm ed tha t the com m ercial 

transactions w ere carried out by our subjects w ith a high degree o f  efficiency and accuracy.

The practices o f  paanselling  and new spaper vending dem and m inim al levels o f  efficiency 

o f  m athem atical problem  so lving w hich m ake the activities viable at a com m ercial level. This 

efficiency is expected o f  all participants, though not necessarily  at an individual level. The 

out-of-school activities and the ir socio-cultural organization provide settings in which 

participants can draw  upon resources outside o f  them selves but critically  im plicated in the 

outcom e o f  the ir cognitive functioning. The practice o f  schooling  on the other hand provides tools 

o f  m athem atical functioning w hich need to be necessarily  appropriated  by the individual, since the 

very system  o f  assessm ents, exam inations and evaluations is directed  to  an individual and as far 

as possib le a t an abstract and decontextualized level o f  functioning. The classroom  as social 

se tting  provides a context w here activities are segregated rather than  linked, and strict ru les o f  

functioning are externally im posed upon the participants. U nlike the street settings, m athem atics 

is an academ ic discipline w hich is consciously separatefrom  the social or the personal. The 

teacher is an authority  figure and it is she or he w ho initiates and directs any interaction.

Saxe, in his w ork w ith sellers in Brazil, docum ents the social support system  that creates
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a contex t w ith in  w hich techniques o f  functioning lend effectiveness and com petence to  the ir 

m athem atical understanding. F or younger sellers, com plex problem  solutions like ratio 

com parisons and w holesale-retail price translations are accom plished by relatives, peers and store 

clerks or sim ply avoided by equally  effective m eans. H e proposes a th ree com ponent approach 

w ithin w hich form -function shifts in cognitive developm ent play an im portant part in linking 

cultural practices to  cognitive developm ent. He defines cultural form s as

historically  elaborated  constructions like num ber system s, currency system s, and social 

conventions. In daily  life these form s becom e cognitive ones as they are acquired  and 

used by individuals to  accom plish various cognitive functions, functions like counting 

and arithm etic. (Saxe, 1991, p. 19)

In his observations o f  differences betw een schooled non-sellers and unschooled sellers, 

he finds that children  construct different kinds o f  m athem atical know ledge in the process o f  

structuring  form s to  serve functions linked to  the activity  contexts. T hus schooled children  use 

num ber orthography in an im portant way, w hereas unschooled sellers rely on know ledge o f  

num erical representations linked to  the currency system . These d ifferences w ere observed in the 

presen t study in the school children 's reliance on orthographic and algorithm ic form s, and the 

vendors' use o f  currency system s, units o f  m erchandise and prices o f  the units etc. T he settings for 

conceptualizing the problem s are created by the participants and are closely linked to  the settings 

w ithin w hich their m athem atical functioning is practiced.



CHAPTER X.

Discussion

The m otivating force behind this research has been a  strong desire to  understand the 

cultural com ponent o f  cognitive functioning. Som e o f  the p ioneering  w ork in bridg ing  the culture 

cognition gap was cited  in the review  o f  literature in chapter 3. This form idable body o f  research 

w ithin the area o f  cognitive psychology has gradually  shifted the focus o f  investigation  from  the 

study o f  psychological subjects, as functioning in an isolated m ental space w ithout reference to 

the ir personal or cultural h istories, to  locations w here cognitive functioning itse lf  can be observed 

in ways that underlines its social and cultural nature and subjects do  not rem ain isolated.

The cognitive activity  chosen as the object o f  study here w as a fairly routine and 

m undane one - that o f  arithm etical reasoning; and the settings w ere both academ ic and 

non-academ ic. This w as done w ith the express purpose o f  observ ing  the m anifestations o f  this 

form  o f  cognitive reasoning w ith in  w hat are generally characterized as form al and inform al m odes 

o f  cultural transm ission and to  highlight the functional equivalence o f  varying cultural 

experiences. Three d ifferent settings w hich include arithm etical practices as an integral part o f  

the ir activity, w ere the focus o f  th is research. Subjects from  w ithin these three activities o f  

schooling, paanselling and new spaper selling  w ere asked to  solve w ord problem s involving the 

four arithm etic operations, and subsequently  tasks involving com bined operations, profit and loss 

problem s and a proportions problem . D ifferences am ongst the three population  groups w ere 

hypothesized and observed, and explanations w ere sought w ith in  the cultural p ractices o f  each o f  

the groups.

T he results w hich have already been discussed in som e detail reveal that the paansellers 

com bine a body o f  num ber know ledge and experiences w hich gives them  an edge both  over the 

school children and the o ther group involved in a vending activity  - the new spaper sellers.
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Q uantitative and qualitative d ifferences observed in the functioning o f  the three groups provides 

an  understanding o f  areas o f  overlap rather than clear cu t differences that d ivide the activities in 

any irreconcilable way. T he nature and presentation o f  the experim ental tasks, w hich w ere an 

am algam  o f  w ork related and school related experiences, transcend the practice levels o f  all three 

groups to  som e extent, w hile rem aining grounded in situations that all three groups are likely to 

encounter. The shift from  fam iliar to  unfam iliar num bers and from  m ore fam iliar to  less fam iliar 

functions w ere included to  arrive at exactly such an understanding o f  how and w here the 

boundaries betw een these activities merge.

T he ethnographic observations o f  the three practices reveals that neither "vending" nor 

"schooling" are clearly  dem arcated  and well defined activities in som e decontextualized m anner. 

E ach activity  is defined by the participants and the ir m otivations as m uch as it is by the larger 

social and econom ic context w ithin w hich it operates. This is clearly brought out by the 

experience o f  schooling observed here. The schools and school children described in th is study 

w ork  very m uch w ithin the larger educational infrastructure provided in this country, but the 

im m ediate context is redefined by the social class o f  the student population, the pow er relations 

betw een the parents and school authorities, and the im m ediate goals and m otivations o f  both  the 

students and the teachers in the m athem atics classroom . As a result o f  all these factors, the 

classroom , w hich is generally  defined as a site w here m athem atical concepts are scientifically  

im parted to  the students w ith a  theoretical and scientific understanding, in the presen t context 

im parts to  the children  a rote learning o f  the enum eration system , and a practice and drill m ethod 

o f  w orking out operations w ithout any sustained attem pt o f  im parting either a theoretical o r a 

practical understanding. S im ilarly, the vending activities differ according to  the arena w ithin 

w hich each  operates. T he physical site, the transactional structure, the position o f  the participant 

w ith in  a  hierarchy o f  responsibilities and the level o f  involvem ent o f  each participant serve to
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identify the nature and consequently  the practice o f  arithm etical functioning w ithin each  o f  these 

vending activities. Therefore it is in specific contexts that the three groups are defined here, and it 

is in these contexts that we can situate the levels and types o f  cognitive functioning revealed by 

the experim ental tasks.

T hat the th ree groups are distinguished by their w ork or school activity is not to  deny 

the ir m em bership in other activities related to  num ber and com putation. W e know  that all three 

groups varied on age and that subjects in the w orking groups also varied on levels o f  schooling. 

The differences observed on the basis o f  the ir participation in the above activities only confirm s 

the influence o f  this kind o f  participation and gives us insights into the com ponents o f  the 

practices tha t can point to  specific characteristics o f  arithm etical problem  solving abilities.

This research confirm s that know ledge o f  the natural num ber system  and enum erative 

processes are devised in the absence o f  any instruction o r form al learning process. T he interface 

w ith a  w orld o f  objects necessitates som e level o f  num erical understanding and the concept o f  

conservation, which, according to  Piaget, is a necessary condition for any m athem atical 

understanding. Subsequent developm ent does not follow  a unique pattern, and our research 

dem onstrates that arithm etical abilities and understandings m anifest them selves in a variety  o f  

w ays w hich we attribute to  the cultural context w ithin which each group functions and the 

arithm etic practices that evolve w ithin each o f  these activities. T hat we observed differences in 

the accuracy scores, the strategies used for solving the arithm etical problem s and the errors that 

each group com m itted on all the experim ental tasks, is seen as evidence that each o f  these 

practices develops and functions w ithin a given set o f  param eters w hich define the arithm etical 

com petence o f  its participants. T he two w orking groups engage w ith num bers in w ays tha t are 

d ifferent to those o f  the school child. In school, children are introduced to  num bers predom inantly  

in a w ritten and abstract m ode as com pared to  the experiences with children in the tw o w orking
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groups, w hose experience o f  num ber and operations w ith num bers are oral but predom inantly  in 

the actual presence o f  the quantities that they are dealing  w ith. A t the sam e tim e w e have evidence 

o f  the fact that these interactions are capable o f  transcending  the concrete availability  o f  the 

objects. This is dem onstrated  by the ability o f  the participants to  tack le w ord problem s involving 

arithm etical com putations and relationships in the absence o f  any concrete configurations o f  the 

objects. In fact, it is the paanw allas, and in som e instances the new spaper sellers w ho are able to  

so lve these  problem s w ith  m ore ease than the school children. T he sequence o f  num ber w ords 

becom es a representational tool for solving operations and it is through such a  representational 

system  that school ch ildren  are initiated into operations.

For new spaper vendors, especially  those w ith no schooling, the understanding  o f  the 

concept o f  num ber is acquired largely through the use o f  physical m anipulative m aterials. That 

they succeed in m aking the sh ift from  the physical em bodim ents to  a representational system  

based on these em bodim ents, is dem onstrated by the ir facility w ith  num bers tha t hinge on 

m onetary  denom inations. B ut there is also evidence that the representational ab ility  goes beyond 

this level, in that they are able to  use them  as abstract sym bols o f  quantity  and to  em ploy them  as 

m ediators in the solution o f  num erical problem s. It is this facility  that enables them  to solve the 

w ord problem s, p resented  in a  form at w hich is suitably d istanced from  the con tex t o f  the ir 

vending practice, w ith som e degree o f  success.

W e repeatedly see them  fum bling w ith larger num bers, and losing track w hen the 

operations involve several steps, and subsequently , an overload on m em ory. T heir understanding 

o f  the additive function enables them  to tackle problem s o f  a m ultip licative nature as the strategy 

o f  successive addition is used to  solve a  fair num ber o f  the problem s, the div ision  problem s pose 

greater difficulty in that the concept o f  unequal quantities is not view ed as problem atic. O ften the 

spontaneous response to  div id ing 105 am ong 3 people was: 30, 30 and 45, o r 40 ,40 and 35. One



130

o f  the m ore interesting explanations for th is w as from  13 year old Seth w ho explained it by 'I  

usually  end up se lling  less than  m y sisters, so I w ould give them  40 each and I could  have

35  you see I get bored w ith this hanging around, I like to  m ake enough m oney to  rush  o f f  for a

m ovie!'

O ur findings further dem onstrate that form al school learning is not a necessary  condition  

fo r the developm ent o f  the understanding o f  arithm etical principles, w hile at the sam e tim e 

underlin ing  the fact that a  know ledge and m astery o f  the conventional and form al system s that 

have developed in the history o f  the cultural system  called  m athem atics, becom es a  pow erful tool 

for efficient functioning in decontextualized settings.

T he paanw allas' counting  abilities, know ledge o f  counting  and fam iliarity o f  the 

conventional orthography o f  num bers is com parable to  that o f  the school children, w hether it is 

acquired  a t school o r out o f  school. Equipped therefore w ith a  sign system  i.e. the conventional 

num ber nam es and the ir orthography, these subjects en ter a p ractice w here com putation  is tied to 

a  concrete w orld o f  m oney and objects w hich require m athem atical operations. In the process o f  

th is w orking out the quantita tive operations becom e decontextualized  and consequently  less 

dependent on  the direct and im m ediate spatio-tem poral context.

W hen the num ber ten can represent a  packet o f  cigarettes, a bundle o f  packets o f  paan 

m asala o r a  ten paisa coin  and a ten rupee note, the num ber by itse lf becom es an abstraction  and 

is capable o f  being represented  independently  o f  any concrete object. Y et the abstraction  has to  

have a m ediational representation w hich is available to  the subject in the absence o f  a  perceptual 

reality. T his is a  pow erful support that is provided by a  conventional num ber representation  

system  and w hich becom es m ore im portant w hen bigger num bers need to be dealt w ith. This 

system  is available to  the cigarette sellers and to the school population  group to  a m uch larger 

extent than it is to  the new spaper sellers w hich forces them  to rely on a context o f  ob jects and



artifacts tha t is available in th e ir  im m ediate environm ent. D espite th is lim itation, the  com petence 

o f  the  new spaper sellers is n o t restricted by these physical objects and  concrete quantities, but as 

the problem s get further rem oved from  the fam iliar con ten t and context, the strategies begin  to  

break  dow n and the cognitive load in the absence o f  abbreviated m ediational m eans becom es 

heavier and therefore m ore d ifficult to  cope w ith. This is b rought ou t by the sim ilarities and 

differences betw een the th ree groups on the fam iliar and unfam iliar problem s both  in term s o f  

operations and the conten t and context. T hat the cigarette sellers perform  nearly as w ell on  the 

fam iliar problem s as they do  on  the unfam iliar ones is testim ony to  the fact that the ir ability  to  

deal w ith num bers transcends the  fam iliarity  barrier. T hat the school children  deal w ith both  types 

o f  problem s w ith the sam e efficiency and do not reveal m ajor d ifferences in perform ance sim ilarly 

is indicative o f  the ir ability  to  trea t num bers in a decontextualized  fashion, though the ir efficiency 

in dealing  w ith  the com putations is significantly  inferior to  that o f  the paanw allas. S ince this 

facility  is lim ited for the new spaper sellers, the ir perform ance on the problem s using  fam iliar 

num bers is significantly  better than that on the problem s using unfam iliar num bers.

O n the o ther hand, the  conventional rules for application  o f  operations are no m ore 

available to  the cigarette se llers than they are to  the new spaper vendors, and the ir perform ance 

across operations reflects this. B oth groups achieved m ore accurate scores on the addition  and 

subtraction  problem s than they  did on  the m ultiplication and d iv ision  problem s. T he school 

ch ild ren  reveal a  d ifferent pattern: the  accuracy declines progressively  over the four operations. 

T heir fam iliarity  w ith the operations in accordance w ith the school syllabus w ould be h ighest for 

the operation  o f  addition  w hich is the first operation to be introduced in school, follow ed by 

subtraction , m ultip lication  and  division, each  subsequent operation  and procedure bu ild ing  up on 

an understanding  o f  the earlier ones.

The paanw allas as it w ere, seem  to com bine a m inim um  num ber literacy w ith the
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advantages o f  the on-hands learning that the new spaper sellers also  possess. A lthough  all except 

one o f  these subjects have som e am ount o f  schooling they dem onstrate an overw helm ing 

preference for oral and non-school like solutions.

T here is considerab le evidence that ch ildren  universally  use com putational procedures to 

determ ine the effects o f  transform ational procedures on sets (K lein and Starkey, 1988). This 

ability  how ever is lim ited and its developm ent varies w ith  socio-cultural settings. The paanw allas 

and the new spaper sellers in the course o f  the ir vending activity are called upon to perform  

transform ations on concrete sets o f  objects w hich are physically available to  them , for exam ple, 

ca lculating  the totals o f  sets o f  m oney, new spapers or cigarettes w hen the sets to  be to talled  are 

w ith them  in concrete form  and  o f  course counting physically the sum s o f  m oney they receive, or, 

from  tim e to  tim e, the stocks th a t are in the ir possession. T he availability  o f  the concrete objects 

perform s an im portant function  especially  for children  w ho have no schooling  o r fam iliarity  with 

a conventional counting  system . U nits o f  currency or a pack o f  cigarettes take on the sym bolic 

function o f  represen ting  a num erical quantity  and the presence o f  the concrete operations 

facilita tes the form ation o f  such a system . The school children  have lim ited access to  such aids, 

and though  fingers and tally m arks on paper are som etim es used, observations in the classroom s 

did not reveal encouragem ent o f  these form s o f  counting. They are initiated into arithm etic by way 

o f  the num ber nam es w hich are sym bolic representations o f  quantity. All th ree groups how ever 

are capable o f  transcending  th is m ode o f  functioning, w hich was necessitated in the experim ental 

condition  since num bers and objects o f  transform ation used in the w ord problem s w ere not 

available in any concrete form .

Som e estim ation o f  w hat system  o f  representing  num bers is possessed by each group is 

available from  the counting  and know ledge o f  the orthographic system  tasks tha t w ere 

adm inistered  to  all three groups. 13 o f  the 14 paanw allas have had som e am ount o f  schooling,
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and all except tha t one sub ject had no difficulty in counting up to  500. The know ledge o f  the 

orthographic system  w as less com plete, but again all 13 could recognize m ultiples o f  5's and 10's 

w ith ease, and could use a w ritten system  for the ir personalized use, though it did not correspond 

to  the conventional codes, for e.g. 105 would be w ritten as 1005, and served its purpose fo r the 

concerned subject. T he school subjects' know ledge o f  the conventional num ber system , bo th  as 

num ber nam es and the ir orthographic representation is com parable to  that o f  the paanw allas. 

Except for the new spaper sellers that w ere in school, the know ledge o f  num ber nam es for this 

group was lim ited to  num bers betw een 40 and 50, and recognition o f  w ritten num erals was worse. 

T he strategy and erro r analyses subsequently indicated that this is a substantial source o f  the ir 

difficulties in solv ing the w ord problem s.

T he com petence, understanding and m odes o f  tackling  the w ord problem s reveal the links 

betw een the practices o f  the th ree population groups and the ir understanding and operating  with 

num bers. W hile all th ree practices are directly num ber related, the functioning w ithin each varies 

in m agnitude, variety and application. The problem s w ere presented to  children orally  and not 

directly  in the contexts o f  the settings w ithin w hich they function. The verbal content was fam iliar 

to  all the subjects and the num erical relationships w ere derived from  form s and functions w hich 

arose in the contexts o f  the ir practices.

The school children  are form ally initiated into a system  o f  m athem atics w here, w ithin the 

first four years, they are acquainted  w ith a conventional base ten enum erative system  and its 

corresponding  orthographic representation. T he teaching schedule functions w ithin predeterm ined 

steps and stages. T he first step  in this process is counting w here children  are fam iliarized w ith a 

conventional enum erative system , and an orthographic system  o f  representing num bers. T hese are 

pow erful tools that a num ber literate person possesses - a sign system  that m ediates num erical 

relationships. In the process o f  this fam iliarization they advance from  sm aller num bers to larger
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ones, and to  the arithm etical and com putational functions o f  the num bers. The operation  o f  

addition  is the first one to  be introduced, follow ed by subtraction, m ultiplication, and division.

F or each operation there is a  form al algorithm , w hich the school children learn to  m aster. T here is 

am ple evidence to  show  that children  learn rules for w ritten algorithm s o f  addition  and 

subtraction  w ithout understanding place value w ithin the decim al system . They learn the 

procedure but not the rationale w hich m akes this procedure sensible (Resnick, 1983). B row n and 

B urton (1978) have dem onstrated that childrens errors, particularly in subtraction are a resu lt o f  

system atic application o f  w rong algorithm s.

The four operations o f  addition, subtraction, m ultiplication and div ision  are the basic 

tools for a host o f  other m ore com plicated m athem atical functioning. C hildren  studying 

m athem atics in school situations are introduced to  these operations as soon as they becom e 

fam iliar w ith concepts o f  num ber. The setting  in w hich the school children are introduced to 

num bers is a form al one. T here is a schedule o f  learning w ith predeterm ined steps and stages. 

T each ing  is done by experts, and the setting is that o f  the classroom . T he fam iliarization  and the 

incorporation o f  the principles o f  a conventional enum erative system , alongside w ith w ith  an 

orthographic system  o f  representing  num bers becom e stepping stones to  m athem atical 

com putation.

W hether it is the school, the paanshop or the m ore fluid setting in w hich the new spaper 

sellers vend the ir papers, each situation has its ow n characteristics w hich distinguishes it from  the 

others. Each situation is is socially  defined w ithin it's param eters annd rules o f  function ing  w ithin 

w hich individuals have a lim ited opportunity to  digress. Subsequently, each o f  these practices 

leaves a  m ark on the cognitive functioning o f  it's participants and organizes the ir particu lar form s 

o f  representing num bers and ways o f  operating w ith them .

The difference betw een the two contexts can be categorized in very general term s in
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V ygotsky's form ulation o f  the spontaneous vs. scientific distinction in concept form ation. W ork 

situations, by and large, dem and a  hands on learning, w here concepts are im parted in a  form al, 

w ell-defined m anner and the process o f  acquisition takes a  top-dow n route. T he w ork situation 

provides the participant w ith particu lar instances, from  w hich inductions are derived and 

generalities arrived at. School-like learning provides general principles and expects participants to 

derive particulars by a deductive process. The schooling that we observed provides neither the 

theoretical form ulations in any well defined m anner, nor the paraphernalia that ch ildren  could 

learn to  appropriate and use as m aterials for inductive reasoning.

T he perform ance o f  the th ree groups repeatedly indicates that cognitive functioning is not 

entirely  lim ited to  the im m ediate experience o f  the participants and that rules and 

hypothetico-logical relationships are generated in the course o f  confronting  the particular 

instances w hich can be and A R E  applied in novel situations. T hat new spaper vendors and 

cigarette sellers form ulate ru les o f  m ultiplication and division based on their know ledge and 

experience o f  additive and subtractive properties o f  num bers, is a m anifestation o f  this ability, 

ju s t  as school procedures, used for solving out-of-school problem s establishes the ability o f  the 

school children  to  go beyond the ir im m ediate context.

Scribner's (1975) incisive analysis o f  solutions used for solving hypothetical problem s by 

a group o f  unschooled adults o f  the Vai com m unity in L iberia underlines the fact that though 

perform ance on tasks o f  abstract reasoning and th inking is deeply influenced by cultural practices 

o f  a particu lar group, neither abstract thinking nor reasoning is constrained or lim ited by such 

experiences. S tudies o f  syllogistic reasoning in a variety o f  settings have dem onstrated  that adults 

from  "traditional", nonschooled groups fare dism ally on such tasks. She reanalyzed the results o f  

one such study and found that perform anceof the group differed sharply on the basis o f  w hether 

subjects had used theoretical as opposed to  em pirical explanations. The investigation also  focused
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on w hether these subjects w ere unable to  deal w ith theoretical reasoning, as the studies seem ed to 

suggest. N o t surprisingly she found a robust relationship  betw een theoretical ju stifica tions and 

co rrec t answ ers. A  significant conclusion o f  these findings is that w hen a problem  is dealt w ith 

as "form al" and "theoretical", nonschooled, nonliterate subjects d isplay exactly the sam e logical 

capacity  as adults and children  exposed to  w estern  type schooling.

W hat this analysis, as the recent research  on m athem atical functioning in everyday 

contexts establishes, is that cultural contexts determ ine m anifestations and form s o f  cognitive 

function ing  w ithin these contexts but tha t they do not determ ine the cognitive potential o f  the 

individuals concerned.. This is true as m uch o f  a concrete situation as it is o f  m ore form al, 

theoretical settings, and perform ance on a variety o f  reasoning and th inking and reasoning  tasks is 

found to  be context-sensitive, irrespective o f  educational levels or levels o f  technological 

developm ent o f  the society (W ason, 1966; Johnson-Laird, Legrenzi &  Legrenzi, 1972). The 

questions that need to concern  researchers in psychology and education  need to cen ter on how  

theoretical and em pirical contexts do and can com e together. W e also  need to investigate the 

kinds o f  experiences w ithin these contexts that can help us bridge this gap. It is hoped tha t the 

presen t research  and other studies that delve into the details o f  functioning w ithin such contexts 

can furnish pointers to  w here such possibilities are available.

It is precisely to  understand these levels o f  functioning, that Vygotsky's socio-historical 

theory  and  the concept o f  activity  form  a useful fram ew ork w hich allow s investigations into 

cognitive functioning to  be view ed as dynam ic and dialectical process w ithin a  socio-historical 

context. T he cultural and social aspects o f  psychological functioning, the role o f  sym bolic 

m ediation, the concept o f  the zone o f  proxim al developm ent and the concept o f  activity  as a unit 

o f  analysis offer a fram ew ork w ithin w hich the possibilities o f  bridging the gap betw een subject 

and ob ject, and betw een culture and cognition can be explored. This is broadly the fram ew ork



137

w ithin  w hich recen t w ork on m athem atical th inking in socio-cultural settings has em erged, and 

view s cognition  as observed in  everyday practices as "...d istributed - stretched over, no t divided 

am ong - m ind, body, activity and cultural settings (w hich include o ther actors)." (Lave, 1988. p . l )

T his research  w as as m uch an investigation o f  m athem atical reasoning in ch ildren  as o f  a 

d ifferent way o f  view ing the subject in cognitive psychology, not as functioning w ith in  a 

laboratory  o r a  clinic, but in a w orld o f  historical, econom ic, social and cultural reality o f  w hich 

the individual is an  active agent, w ith the hope that it will contribute in som e sm all way to  the 

educational en terprise in po in ting  out that psychological subjects construct them selves and are 

constructed  w ithin a socio-historical and a cultural context. C ognitive functioning em erges from  

w ithin these contexts, and it is in reference to  them  that each individual's w orld acquires its 

m eaning. C onsequently , ch ildren  groping w ith an understanding o f  m athem ats and m athem atical 

concepts needs to  be view ed as existing w ithin these relationships, ju s t as the concepts that 

acqu ire  they are linked to  a w orld o f  other concepts. The routes to  m athem atical reasoning  are 

d iverse and an understanding o f  these diversities needs to  be positively integrated into classroom  

teach ing  and learning.

T he theoretical agenda o f  th is project how ever goes beyond the observed differences and 

raises questions tha t the field o f  psychology needs to  adress urgently. T he classical paradigm  in 

cognitive psychology starts w ith  the concept o f  an "abstract" m ind and im plicitly m akes the claim  

th a t th is m ind is universal, except for any local conditions ( like culture) w hich gets in the  way. 

This paradigm  further assum es tha t the field and it's practitioners are m aking no a-priori value 

judgem en ts in seek ing  for th is universal m ind. Research in cognitive developm ent (w ith the tools 

availab le to  it), how ever, in observing and analyzing this neutral territory d iscovers com pelling  

d ifferences o f  a h ierarchical nature, w hich are repeatedly and convincingly verified. T hese 

differences unfortunately m anifest them selves in a hierarchical m anner and the groups in the
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priv ileged positions in th is h ierarchy invariably also happen to  be privileged groups in the social 

order. T he overarch ing  dichotom y o f  abstract vs. concrete cuts across areas o f  cognition  from  

language and verbal behavior to  intelligence, m em ory and all form s o f  th ink ing  tha t psychology 

concerns itse lf  w ith. Maybe it should worry us just a little that these distinctions map on so 

neatly with schooled vs. unschooled, modern vs. traditional, urban vs. rural, black vs. 

white, male vs. female and so on.

T he shift tha t occured as a  reaction  to  this paradigm  is sum m arized in the research  on 

culture and cognition. T hese studies have dem onstrated that not only are the concrete thinkers 

able to  th ink  in abstract w ays but that given the right kinds o f  tasks, the ir perform ance is likely to 

supersede that o f  the traditionally  m ore "abstract thinkers". This pro ject therefore starts w ith the 

prem ise tha t psychology and the  investigations o f  hum an cognition  are necessarily  situated  w ithin 

individuals w ho are products o f  a  materia! and a socio-historical culture. This project, unlike the 

earlier one, is com fortable w ith recognizing that cognitive functioning is not uniform , that 

subjects m anifest d ifferences in the ir ways o f  thinking and behaving  and tha t these differences do 

not follow  a strict hierarchical o rder correlated in definite ways w ith a h ierarchical social order. 

N o r is th is pro ject conten t to  view  differences as effects o f  variables w hich are treated  as uniform  

and constant, and consequently  w hich can be neatly controlled in laboratory experim ents. 

C ognition, here, is viewed as a  com plex social phenom enon and therefore the attem pt is to  create 

an "outdoor psychology" (G eertz, 1993). M oving psychology from  the laboratory to  the field 

itse lf  has expanded our horizons o f  understanding and consequently  underlined the d ifficulties o f  

view ing individuals as isolated subjects. T he em beddedness o f  cognition in culture provides this 

pro ject w ith a rich base o f  m aterial w hich psychology needs to  understand. B ut m ore im portantly, 

situating  the cognizing  sub ject in an activity  o r focusing on the "person-in-practice", is a way o f  

confron ting  issues o f  inequality, social diversity, conflict and hegem onizing political system s that



139

create cen tres o f  pow er and know ledge w hich exclude and m arginalize nations and peoples w ith in  

nations alike.
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A ppendix 1

B iographical Q uestionnaire.

(All G roups)
N am e:
Age:
F irst Language:
O ther Languages:
Father's O ccupation  and educational qualifications:
M other's O ccupation  and educational qualifications:
Place o f  origin:
Length o f  stay in D elhi ( if  m igrated  from  another state):
Siblings: A ge, E ducation  and O ccupation.
Do you go to  school?
W hat class are you in?
W hich schools have you been to?
H ave you ever been to  school?
C an you read num bers?
H ow  did you learn to  read num bers?
C an you  w rite num bers?
H ow  did  you learn that?
W ho do  you live w ith?
Do you help  w ith house w ork?
W hat kind o f  w ork do you help w ith?
W hat do you  do after school (o r w ork)?
W hat do  you w ant to  do  when you're older?

b. Interview  Schedule for details o f  num ber-related trade practices.(N ew spaper V endors)
H ow  long have you been in the present trade?
Did you do any other w ork before this?
W ho in itiated  you into the se lling  o f  new spapers?
From  w hom  and how?
-did you  learn to  count?
-to read or w rite num bers?
-to coun t m oney?
H ow  m any o f  the daily papers do you sell?
H ow  m any copies o f  each new spaper do you buy on an average? (details regarding each paper). 
Do you always buy the sam e am ounts? W hen and why does it vary?
H ow  m uch do you sell the "Evening T im es" for?
Do you  know  how  m uch it costs you?
H ow  m uch do the papers cost you altogether?
H ow  m uch m oney do you keep for the purchase o f  the "M idday"?
For the o ther 3 papers?
W hat do  you do w ith the m oney at the end o f  the sales each day?
W hat is the total am ount o f  papers that your fam ily buys?
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H ow  m any o f  these are given to  you for selling?
H ow  m any do the o ther m em bers get?
D o you get to  keep any o f  the money?
W hat do  you use it for?
Do you sell anything else? (G et details).

c. Interview  Schedule for inform ation on num ber related practice. (C igarette Sellers) 
H ow  long  have you been in the present trade?
D id you do any other w ork before this?
W ho d id  you w ork w ith w hen you first started?
H ow  long have you been do ing this on your own?
H ow  and from  w hom  did you first learn to  count?
-to  read and w rite num bers?
-to  handle m oney?
W hat w ere the first item s you started selling?
H ave you m ade any changes since then?
W here d id  the m oney for investm ent com e from ?
Do you find the trade profitable?
W hat are all the item s you sell now?
H ow  often  do you do your purchasing?
A re the cost prices fixed?
W hich are the item s tha t can vary?
O n w hat basis do you fix your selling prices?
H ow  m uch m oney do you th ink  you m ake?
-on a daily  basis?
-on a w eekly basis?
W hat do you do w ith the m oney?
D etails o f  buying and selling  prices o f  each item stocked.
W hat are your future plans?
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A ppendix 2

M ath Facts

A D D ITIO N SU B TR A C TIO N M U LTIPLIC A TIO N

2 +  2 3 -  1 2 * 2
2 + 4 4 -  2 4 * 2
4 + 4 8 -  4 3 * 3
5 +  5 1 0 -  5 4 * 5
7 +  3 1 2 -  8 6 * 6
6 +  3 1 5 - 1 0 7 * 5
9 +  4 1 5 -  5 8 * 6
1 0 +  5 2 5 - 1 0 9 * 7
1 0 + 1 0 2 5 -  5 1 0 * 2
15 +  15 2 4 -  5 1 1 * 3
5 +  15 2 4 - 1 2 1 2 * 4

25 +  25 22 - 11 13 * 6
2 5 + 5 7 5 - 5 0 1 4 * 5
50 +  25 7 5 - 2 5 1 5 * 6
50 +  50 7 0 - 3 4 2 0 * 2
1 2 + 1 2 1 0 0 - 5 0 2 5 * 2
1 4 + 1 3 1 0 0 - 7 5 25 * 4
2 0 + 1 2 3 0 - 1 0 5 0 * 2
22 +  24 3 2 - 2 1 5 0 * 3
75 +  75 1 0 0 - 2 4 2 4 * 5
75 +  25 9 0 - 2 5
34 +  46 8 0 - 4 0

1 0 0 - 3 5
1 0 0 - 4 3
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Appendix 3a

A ddition  P roblem s ('Familiar')

1. T here are 50 eggs in 1 basket and 75 in a  second one. H ow  m any eggs are there altogether?

2. T here are 25 b irds on  one branch, 35 on a second one and 40 on the th ird  one. H ow  m any birds 
is tha t altogether?

3. T here are 3 buses carry ing 30 passengers, 50 passengers and 20 passengers respectively. How 
m any passengers does tha t m ake?

4. O ne school has 150 ch ildren , a second one has 175 and a  third one has 125. H ow  m any 
children  are there altogether?

A ddition  P roblem s (U nfam iliar).

1. T here are 74 b irds on one tree and 52 on another. How  m any birds are there altogether?

2. In a Basti there are 24 m en, 16 w om en and 38 children. H ow  m any people in all?

3. T here are 114 people living in  one village and 172 in the neighbouring village. H ow  m any 
people are there altogether in the  2 villages?

4. Ram u, Shanti and R aju w ere p icking m angoes. Ram u collected 102, Shanti has 224 and Raju 
has 145. How m any m angoes do  they have in all?



Appendix 3b.

Subtraction ('Familiar').

1. I f  there are 50 m angoes in a  basket and 25 are taken out, how  m any w ould be left over?

2. A  child  had 100 m arbles ou t o f  w hich he lost 30. How  m any will he have left w ith  him ?

3. T here w ere 175 eggs in a basket, out o f  w hich 50 fell dow n and broke. H ow  m any eggs will be 
left in  the basket?

4. A  shopkeeper had 200 hens out o f  w hich he sold 75. How m any are there left w ith the 
shopkeeper?

Subtraction  (U nfam iliar).

1. 44  children  w ere playing in a park, out o f  w hich 12 w ent away. How m any children are there 
left in  the park?

2. A  fruit seller had 90 bananas out o f  w hich he sold 32. How m any bananas does he have left?

3. I f  you had a  170 rupees out o f  w hich you spent 54, how  m uch w ould you have left over w ith 
you?

4. A  park  had 190 trees out o f  w hich 73 w ere cut off, how  m any trees are left in the park?



Appendix 3c

M ultiplication ('Familiar').

1. I f  one necklace has 50 beads, how  m any beads w ould 30 such necklaces have?

2. I f  one packet contains 25 eggs, how  m any eggs w ould there be in 40 such packets?

3. I f  there are 10 children in one class, how  m any children will there be in 30 classes?

4. I f  there are 75 chairs in one room , how  m any chairs will there be in 30 room s?

M ultip lication  (U nfam iliar).

1. I f  1 book costs 12 rupees, w hat will be the cost o f  8 books?

2. I f  there are 24 children in 1 room , how  m any children will there be in 4 room s?

3. I f  there are 14 pens in 1 box, how m any will there be in 8 boxes?

4. I f  1 pack has 22 toffees, how  many will there be in 12 packets?



Appendix 3d

D ivision ('Familiar').

1. I f  a 105 new spapers w ere to  be equally  divided betw een 3 children, how  m any will each child 
get?

2. I f  75 apples have to  be equally  divided into 3 baskets, how  m any will there be in each basket?

3. I f  300 toffees are to  be equally  divided betw een 6 children, how  m any w ould we give to  each 
child?

4. I f  w e w ant to  d iv ide 175 rupees am ongst 7 people, how  m uch w ould each person get? 

D ivision (U nfam iliar).

1. 72 Laddus have to  be d istributed am ongst 8 children. How  m any will w e give to  each child?

2. I f  I g ive 56 rupees to  7 children, how  m uch will each child get?

3. 240 m angoes have to  be equally  divided into 12 baskets. How m any will w e put in each 
basket?

4. 252 pencils have to  be packed  into 12 boxes. How m any will we put in each?
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Appendix 4

R ephrased W ord Problem s: M ultiplication

1. I f  the cost o f  1 bead is 50 paise, w hat w ould 30 beads cost?

2. I f  1 egg costs 25 paise w hat w ould be the cost o f  40 eggs?

3. I f  1 toffee costs 10 paise w hat will be the cost o f  30 toffees?

4. I f  1 cigarette costs 75 paise, w hat will be the price o f  30 cigarettes?

D ivision

1. I f  1 Re. 5 paise have to  be distributed  am ongst 3 children, how  m uch will each child get?

2. C an you distribute 75 paise equally between 3 children.

3. I f  you have to  give 3 rupees to  6 children, how  m uch w ould each child get?

4. A nd 1 rupee 75 paise betw een 7 children?



148

Appendix 5a

Strategy Analysis: A ddition

1. N um ber correct::

2. Repeated:

3. W rites:

4. M emory:

5. Breakdow n:

6. C ount On:

N um ber o f  problem s that received a  score o f  2.

Subject repeated either all o r som e o f  the num bers that form ed part o f  
the problem  to be solved, or, asked the exam iner to  repeat the num bers.

Subject w rites dow n som e or all o f  the num bers.

Subject solves the problem  im m ediately, presum ably using  m ath facts 
w hich are im m ediately available w ithout recourse to  calculation.

Subject breaks larger num bers into sm aller ones, e ither into units and 
tens, o r m ore fam iliar num bers like m ultiples o f  fives and tens and 
subsequently  w orks w ith them  for e.g. 175 +  75 is 200, 200 +100 =
300.

W here the subject starts w ith a base num ber and counts up from  that 
point onw ards by 1 's o r som e other regular som e other regular intervals, 
e.g. 50 +  25 m ay be counted on as "50, 60, 70, 75." etc.

7. School A lgorithm (w ritten)
Subject uses a w ritten school algorithm ic procedure, w hich involves 
aligning units, tens, hundreds and then w orking from  units to  tens etc.

8. School algorithm (oral):
The sub ject uses a  school algorithm , for exam ple, adding from  the right
i.e. units, tens and hundreds w ith carry over, but the procedure is applied  
orally.
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Appendix 5b

Strategy Analysis: Subtraction

1. N um ber correct::

2. R epeated:

3. W rites:

4. M em ory:

5. C ount off::

6. B reakdow n

N um ber o f  problem s that received a  score o f  2.

Subject repeated e ither all o r som e o f  the num bers tha t form ed part o f  
the problem  to be solved, or, asked the exam iner to  repeat the num bers.

Subject w rites dow n som e o r all o f  the num bers.

Subject solves the problem  im m ediately, presum ably using m ath facts 
w hich are im m ediately available w ithout recourse to  calculation.

U sing  one o f  the num bers as a starting  point, and counting  o f f  from  that 
po in t the second num ber is subtracted  by 1 's or som e other regular 
interval, e.g. 5's o r 10's for exam ple, 70-50 becom es 70, 60, 50 etc. 
100-75 =  25+25 =  50.

:Subjects break dow n larger num bers into either sm aller o r m ore 
fam iliar units and then  carry out the operation  in steps, for exam ple, 
125-75 becom es 100-75 =  25+25 =  50.

7. School algorithm (w ritten):
T he w ritten school algorithm  for subtraction is used.

8. School A lgorithm (oral):
T he school algorithm  for subtraction  isapplied orally.
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1. N o. correct:

2. Repeated:

3. W rites:

4. M em ory:

Appendix 5c

M ultiplication 

N o. o f  problem s that received a  score o f  2.

Subject repeated either all o r som e o f  the num bers tha t form ed part o f  
the problem  to be solved, or, asked the exam iner to  repeat the num bers.

S ubject w rites dow n som e or all o f  the num bers.

Subject solves the problem  im m ediately, presum ably using m ath facts 
w hich are im m ediately available w ithout recourse to  calculation.

5. R epeated A ddition: The num ber to be m ultiplied id added to  itse lf  the num ber o f  tim es
specified  by the m ultiplier, e.g. 25 * 4 is solved by adding 25 four tim es.

6. A ssociativity:

7. D istributivity:

T he m ultip lier is broken down into a product o f  tw o num bers and 
applied  to  the m ultiplicand sequentially, fo r exam ple, 50X 6 =  (50X 3) +  
(50x3).

M ultip licand is broken dow n into a  sum  o f  2 o ther num bers and 
m ultip lier is applied to  each o f  the num bers separately, for exam ple, 
50X 30 becom es (10X 3) 5 tim es.

8. School A lgorithm  w ritten:
As fo r earlier operations

9. School A lgorithm  oral:
As fo r earlier operations

10. Idiosyncratic: Subjects use an optim izing strategy w here fam iliar num bers, w hich may
be larger are used for com putation and a calculation is then carried  out 
to ad just for the difference, for exam ple, 24X 4 is so lved as: 25X 4 =
100, take away 4, and that's 96.
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Appendix5d

D ivision

1. N um ber correct: N um ber o f  problem s that received a score o f  2.

2. R epeated: Subject repeated either all o r som e o f  the num bers tha t form ed part o f
the problem  to be solved, or, asked the exam iner to  repeat the num bers.

3. W rites: Subject w rites down som e o r all o f  the num bers.

4. M em ory: Subject solves the problem  im m ediately, presum ably using m ath  facts
w hich are im m ediately available w ithout recourse to  calculation.

5 .Successive A pproxim ation:
Subject starts by partitioning out com ponents o f  the num bers into the 
required units and successively adding onto  them  until rem ainder is zero, 
for exam ple, 75/3 becom es 20+20+20 is 60, tha t leaves 15, so 5 m ore in 
each place m akes it 25.

T he div isor is broken dow n into a  product o f  2 num bers and applied  to 
the d iv ident sequentially, for exam ple, 300/6 =  300/3 =  100/2 =  50.

T he d iv ident is broken dow n into a sum  o f  tw o num bers, the d iv isor is 
app lied  to  each o f  them  separately and then the tw o resu lting  quotients 
are added together.

8 .School A lgorithm  written:
A s fo r the earlier operations.

9 .School A lgorithm  oral:
A s for the earlier operations.

6 .A ssociativity:

7 .D istributivity:
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Appendix 6.

C ategories for error analysis.

1. School algorithm : T he prescribed school procedure is used for solv ing the problem .

2. G uesses: T he subject m akes a  guess w ithout any attem pt to ca lcu late, to  arrive at
an incorrect answer. T here m ay be som e attem pt at estim atio , o r  a  wild 
guess. Subjects either state explicitly  that they  guesssed o r having given 
an im m ediate incorrect answ er are unable to  explain  how  they arrived at 
it.

3. W rong operation:

4. Bugs:

5. M iscalculation:

6. Loses count:

Subjects use a school algorithm  but the operation  used is inappropriate, 
for exam ple, w hen required to  divide 75 by 3, the operation  o f  
m ultip lication is em ployed.

The school algorithm  is applied and subjects use a system atic routine 
that produces w rong answ ers, for exam ple, in addition , num bers carried 
over are not added on, o r , in subtraction all num bers sub tracted  from  
zero equal zero.

W hen the procedure, w hether school-like o r otherw isse, is correct, but 
the answ er is w rong due to a m iscalculation, fo r exam ple, in adding the 
num bes 9 and 5, subject com es up w ith 13 instead o f  14.

W hen subject starts a procedure that should  arrive a t the correct solution 
but loses count o f  the num bers, for exam ple, 120 +  145 is attem pted in 
the follow ing m anner: 120 +100 is 220, 220  +  30 is 250... (cannot 
rem em ber the num bers any m ore), or, in the case o f  m ultip lication  o f  30 
by 8 subject starts repeated add itiono f 30s, bu t having proceeded 
halfway, forgets how  m any m ore tim es it needs to  be done.

7. D oesn 't know  operation:
Subjects explicitly state that they don 't know  w hich operation  is needed 
to  solve the problem

8. A bandons:

9. B reakdow n:

Subject does not even begin to  m ake an attem pt at a solution.

Subject uses strategy o f  breaking dow n num bers as in the strategy 
analysis but does not arrive at the correct solution.

10. O ther: This category w as used for any strategies w hich do no t fall in the above 
categories and are difficult to  classify, for exam ple, the sub ject takes 
tim e arriving at an answ er but is not able to  g ive an explanation.
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Appendix 7

C om bined O perations for the three population  groups:

(B rackets indicate the actual num bers involved, though  it varied slightly  around these  figures, 
depending  on  the practices and stocks o f  each subject).

1. C IG A R ETTE-SELLER S

1. I f  I buy 1 goldflake cigarette, 1 W ills and 1 Charm s, H ow  m uch w ould  I owe you? (R s.1.50, 
Rs. 1.25 and 60 paisa)

2. I f  I give you  10 rupees, and buy 2 W ills cigarettes, 2 G oldflakes and 3 Charm s, how  m uch 
change w ill I get back? (10 -(1 .50+3.00+1.50)).

3. I f  I give you  50 rupees and  buy 1 packet G oldFlakes, 2 packs o f  W ills and 2 F our Squares, 
how  m uch change will you give back to  me?
(50-( 13+20+9)).

2. N E W S P A P E R  V EN D O R S:

1 .I f  I buy 2 E vening  N ew s, 2 M iddays and 1 V eer Arjun, How  m uch m oney do I have to  pay 
you?(3 .00  +3 .00  +  1.50).

2. I f  I give you 10 rupees and purchase 2 Evening N ew s, 1 Sondhya T im es and 2 M iddays, how 
m uch change w ill you give back  to  m e? (10- (3.00 +  1.50 +  3.00)).

3. I f  I give you 20 rupees and purchase 5 Evening N ew s, 2 M iddays and 3 Sondhya T im es, how 
m uch m oney will you return  to  m e? (20- (7.50 +  3 +  4.50)).

3. SC H O O L  C H ILD R EN :

1. I f  you go to  the stationers and buy 1 notebook for R s.2.50, 2 pencils for R s.1 .50 each and 1 
sharpener fo r 3 rupees. H ow  m uch do you have to  pay the shopkeeper?

2. I f  you buy 2 ice-bars fo r 2 rupees each and a bread for Rs. 5.50, and pay the shopkeeper 
R s.10, how  m uch m oney does the shopkeeper have to  return to  you?

3. I f  you  give 50 rupees to  the shopkeeper and buy one book for 9 rupees, 2 notebooks for 4.50 
each, and a pen for Rs. 15, how  m uch m oney will the shopkeeper return  to  you?
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Appendix 8

Profit and Loss Problem s.

1. I f  the cost o f  20 new spapers is 35 rupees and they are sold for Rs 40, how m uch profit does the 
se ller m ake?

2. I f  a book is bought for Rs. 1.25 and sold for Rs. 1.40, how  m uch is the profit on it?

3. A  shopkeeper buys a  packet o f  cigarettes for Rs. 8 and sells it for Rs 8. 75 paise, w hat would 
be the shopkeepers profit i f  he sells 50 packets?

4. I f  the cost o f  a  toy is R s.6.50 paise and it is sold for Rs. 7, w hat w ould be the profit i f  9 toys 
are sold?

5. A  shop that sells shoes buys them  at Rs. 23.50 paise a pair and sells them  for Rs. 25 each.
W hat is the profit i f  15 pairs are sold?
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Appendix 9

Proportion Task

A  box  o f  toffees contains 50 toffees and the price o f  th is w hole box is Rs. 75,

a) C an  you calculate the price o f  25 toffees?

b) Price o f  10 toffees?

c) T he p rice o f  5 toffees?
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Appendix 10a
Strategies used for addition problem s.

Strategy SC PW N P

F UF F UF F UF

Total 52 54 53 49 57 39
C orrect. 72 .75 .95 .87

0000 .61

Repeats 21 13 29 33 12 20
.29 .18 .52 .59 .19 .31

W rites 61 63 1 13 8 18
.61 .87 .2 .23 .12 .28

M em ory 1 0 22 3 23 0
.01 .0 .39 .05 .36 .0

B reakdow n 4 0 29 43 30 36
.06 0 .52 .77 .47 .56

School 56 61 1 8 4 14
algorithm .78 .85 .02 .14 .06 .22
(w ritten)

School algorithm
(oral) 3 2 0 0 0 0

04 .03 0 0 0 0

C ount on 7 4 4 0 3 0
.09 .06 .07 .0 .05 .00
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Appendix 10 b

Strategies U sed  for Subtraction Problem s.

Strategy SC
F UF

PW
F U F

N P
F UF

Total 51 44 56 52 63 46
.71 .61 1.0 .93 .98 .72

Repeats 7 11 14 40 9 12
.10 .15 .25 .71 .14 .19

W rites 34 55 0 5 2 13
.47 .76 0 .09 .03 .20

M em ory 23 3 49 1 43 0
.31 .04 .87 .02 .67 0

B reakdow n 3 2 7 49 19 39
.04 .03 .12 .87 .30 .61

School
A lgorithm 27 51 0 4 0 11
(w ritten) .37 .71 0 .07 0 .17

School
algorithm 5 5 0 0 0 0

.07 .07 0 0 0 0

C ount o ff 9 3 0 1 0 0
.12 .04 0 .02 0 0



Appendix 10c

Strategies U sed M ultiplication Problem s

Strategy group
F

1
UF

group
F

2
UF

group 3 
F UF

Total 32 43 28 36 12 28
.44 .59 .50 .64 .18 .43

Repeats 10 10 32 18 7 4
.28 .20 .60 .25 .08 .11

W rites 41 44 9 5 11 13
.90 .81 .21 .08 .50 .39

Successive 9 21 20 25 22 26
addition .09 .23 .21 .39 .50 .35

A ss&  D istr 1 1 10 14 0 4
.01 .01 .18 .20 0 .06

Idiosync. 0 1 2 3 5 0
0 .01 .04 .05 .08 0

A lgorithm 32 34 6 1 9 12
.44 .47 .11 .02 .14 .19

A lgorithm
(oral) 3 2

.04 .03
8 10
.14 .18

2 4
.03 .06
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Strategies Used for Division Problems.

Strategy group 1 group 2 group 3
F UF F UF F UF

Total 36 31 44 32 35 11
.50 .43 .78 .57 .54 .17

Repeats 6 10 17 22 4 4
.08 .14 .30 .39 .06 .06

W rites 42 34 1 7 3 7
.58 .47 .02 .12 .05 .17

Successive 15 1 27 30 29 29
A pproxim ation .21 .01 .48 .54 .45 .45

A ssociation 1 0 14 5 4 0
& distribution .01 0 .25 .09 .06 0

Justification 0 0 5 0 12 0
by answ er 0 0 .09 0 .19 0

A lgorithm 32 36 0 3 1 3
(w ritten) .44 .50 0 .05 .02 .05

A lgorithm 1 1 0 8 1 5
(oral) .01 .01 0 .14 .02 .08



160

Appendix 11a

A D D IT IO N

E R R O R  T Y P E S C PW
T O T A L 3 8 1 0

S C H O O L A LG 2 5 2
WRONG O P E R 1 0
BU GS 1 5 0
M IS C A L C U L A T IO N 7 2
O T H E R 2 0

ADD ON (L O S E S  COU NT) 7 1

G IV E S  U P 6 2
D O E S 'N T  KNOW O P E R 6 0
NUM BERS TOO LA RG E 0 2
O T H E R 0 0

N P
3 2

2
0
0
2
0

0

1 8
2

1 3
3

BREAKDOWN 0 5 12
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A ppendix l i b

S U B T R A C T IO N

E R R O R  T Y P E S C PW
T O T A L 4 9 4

SC H O O L  A L G 3 1 1
WRONG O P E R 5 0
BUGS 2 4 0
M IS C A L C U L A T IO N 2 0
O T H E R 0 1

G IV E S  U P 1 2 2
D O E S 'N T  KNOW O P E R 4 0
NUM BERS TOO LA R G E 0 2
A BANDONS 8 0

BREAKDOWN 0 1
M IS C A L C U L A T IO N 6 0
G U E S S E S 0 0

N P
1 9

2
0
2
0
0

9
0
7
2

4
0
4
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A ppendix 11c

M U L T IP L IC A T IO N

ER R O R  T Y P E S C PW
T O TA L 6 9 4 8

SC H O O L  A LG 1 3 7
WRONG O P E R 8 2
BUGS 2 4
M IS C A L C U L A T IO N 3 0
O TH ER 0 1

G IV E S  U P 5 0 3 2
D O E S 'N T  KNOW O P E R 1 7 0
A F T E R  SU C C  A D D . 1 2 2 3
ABANDONED 2 1 9
O TH ER 0 0
NUMB TOO LA R G E 0 0

S U C C . A D D IT IO N 5 2
M IS C A L C U L A T IO N 1 4
G U E S S E S 0 3

N P
88

7
0
5
2
0

7 7
4

4 1
21

1
10

4
0
0
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A ppendix  l i d

D I V I S I O N
E R R O R  T Y P E  S C  PW
T O T A L  7 7  3 6

S C H O O L  A L G  1 6  1
WRONG O P E R  1 1  0
B U G S 0 1
M IS C A L C U L A T IO N  5 0
O T H E R

G IV E S  U P  5 6  1 7
D O E S 'N T  KNOW O P E R  3 6 0
A F T E R  S U C C  A D D . 0 0
ABANDONED 1 5  0
O T H E R  4  0
NUMB TOO LA R G E 1 0

S U C C . A P P R O X . 5  1 7
M IS C A L C U L A T IO N  0 1
G U E S S E S  0 0
O T H E R  0 0

N P
8 2

6
0
2
4

4 2
12

0
2 3

0
7

3 1
0
1
2
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