
Cultural Development of Mathematical Ideas

Drawing upon field studies conducted in 1978, 1980, and 2001 with the 
Oksapmin, a remote Papua New Guinea group, Geoffrey B. Saxe traces 
the emergence of new forms of numerical representations and ideas in 
the social history of the community. In traditional life, the Oksapmin 
used a counting system that makes use of 27 parts of the body; there is 
no evidence that the group used arithmetic in prehistory. As practices 
of economic exchange and schooling have shifted, children and adults 
unwittingly reproduced and altered the system in order to solve new 
kinds of numerical and arithmetical problems, a process that has led 
to new forms of collective representations in the community. While  
Dr. Saxe’s focus is on the Oksapmin, the insights and general frame-
work he provides are useful for understanding shifting representational 
forms and emerging cognitive functions in any human community.

Dr. Geoffrey B. Saxe has conducted research on mathematical cog-
nition and culture in a variety of settings, including remote parts of 
Papua New Guinea, urban and rural areas of northeastern Brazil, 
and elementary and middle school classrooms in the United States. 
His prior books include Culture and Cognitive Development: Studies in 
Mathematical Understanding (1991) and Social Processes in Early Number 
Development (with S. Guberman and M. Gearhart, 1987). He is cur-
rently a professor at the Graduate School of Education, University of 
California, Berkeley.

  

 

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


Learning in Doing: Social, Cognitive  
and Computational Perspectives

SERIES EDITOR EMERITUS
John Seely Brown, Xerox Palo Alto Research Center

GENERAL EDITORS
Roy Pea, Professor of Education and the Learning Sciences and Director, 
Stanford Center for Innovations in Learning, Stanford University
Christian Heath, The Management Centre, King’s College, London
Lucy A. Suchman, Centre for Science Studies and Department of Sociology, 
Lancaster University, UK

Books in the Series
The Construction Zone: Working for Cognitive Change in School  
Denis Newman, Peg Griffin, and Michael Cole

Situated Learning: Legitimate Peripheral Participation   
Jean Lave and Etienne Wenger

Street Mathematics and School Mathematics  
Terezinha Nunes, David William Carraher, and Analucia Dias 
Schliemann

Understanding Practice: Perspectives on Activity and Context  
Seth Chaiklin and Jean Lave, Editors

Distributed Cognitions: Psychological and Educational Considerations  
Gavriel Salomon, Editor

The Computer as Medium  
Peter Bøgh Anderson, Berit Holmqvist, and Jens F. Jensen, Editors

Sociocultural Studies of Mind  
James V. Wertsch, Pablo del Rio, and Amelia Alvarez, Editors

Sociocultural Psychology: Theory and Practice of Doing and Knowing  
Laura Martin, Katherine Nelson, and Ethel Tobach, Editors

Mind and Social Practice: Selected Writings of Sylvia Scribner  
Ethel Tobach et al., Editors

(Continued after the Index)

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


Cultural Development of 
Mathematical Ideas

Papua New Guinea Studies

GEOFFREy B. SAxE
University of California, Berkeley

INDIGO ESMONDE
University of Toronto

with

  

 

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


cambridge university press
Cambridge, New york, Melbourne, Madrid, Cape Town,  
Singapore, São Paulo, Delhi, Mexico City

Cambridge University Press
32 Avenue of the Americas, New york, Ny 10013-2473, USA

www.cambridge.org
Information on this title: www.cambridge.org/9780521761666

© Geoffrey B. Saxe 2012

This publication is in copyright. Subject to statutory exception  
and to the provisions of relevant collective licensing agreements,  
no reproduction of any part may take place without the written  
permission of Cambridge University Press.

First published 2012

Printed in the United States of America

A catalog record for this publication is available from the British Library.

Library of Congress Cataloging in Publication Data
Saxe, Geoffrey B.

Cultural development of mathematical ideas : Papua New Guinea studies /  
Geoffrey B. Saxe ; with Indigo Esmonde.

p. cm. – (Learning in doing)
Includes bibliographical references and index.
ISBN 978-0-521-76166-6 (hardback)
1. Cognition and culture – Papua New Guinea. 2. Number concept – Case
studies. 3. Constructivism (Education) 4. Social change – Papua New
Guinea. I. Esmonde, Indigo. II. Title.
BF311.S3764 2012
155.8′49912–dc23   2011037488

ISBN 978-0-521-76166-6 Hardback

Additional resources for this publication at http://culturecognition.com and http://
www.youtube.com/user/CultureAndNumber1

Cambridge University Press has no responsibility for the persistence or accuracy of 
URLs for external or third-party Internet Web sites referred to in this publication 
and does not guarantee that any content on such Web sites is, or will remain, 
accurate or appropriate.

 

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


In memory of my parents, Carl and May
 

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


ix

List of Figures page xiii
Series Foreword xxi
Preface xxiii
 A Trajectory of Research – Tensions and Partial  
  Resolutions xxiii
Acknowledgments xxxi

Introduction 1

Part I. The Origins of Number: Enduring Questions 5

 1. Culture-Cognition Relations 7
Culture and Cognition: Separate Variables with  

External Links 7
Culture and Cognition: Jointly Rooted in Activity  

with Intrinsic Relations 16
Toward a Genetic Treatment of Intrinsic Relations 22
The Promise of the Oksapmin Case 39

 2. Cultural Forms of Number Representation Used  
 in Oksapmin Communities 40
Body Counting in the New Guinea Highlands 43
The Oksapmin Counting System 44
Reproduction and Alterations in Numerical  

Representations and Ideas 48

Part II. Economic Exchange 49

 3. Collective Practices of Economic Exchange: A Brief  
 Social History 51

Contents 

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


Contentsx

Pre-contact 51
Period 1 (1938–1960) 55
Period 2 (~1960–1980) 59
Period 3 (~1980–2001) 66

 4. Reproduction and Alteration of Numerical  
 Representations 71
Study 4-1. Body Arithmetic in 1980 74
Study 4-2. The Body and Tok Pisin: Forms Used for  

Number Representation in 2001 96
Study 4-3. Languages of Quantification Used in Stores  

in 2001 and the Accomplishment of Emergent  
Arithmetical Problems 107

Study 4-4. Emergent Arithmetic in Store Transactions  
in 2001 116

Notes across Studies 123

 5. Reproduction and Alteration in Currency Token  
 Representations 126
Study 5-1. Shifting Ways of Naming Tokens 128
Study 5-2. Shifting Quantification Practices with Currency 144
Discussion 158

 6. Representational Forms, Functions, Collective Practices,  
 and Fu: A Microcosm 160
Leading Observations 163
Study 6-1. Shifting Meanings, Locations, and Uses for Fu 166
Study 6-2. Distribution of Fu Use in Representing Values  

of Currency and Numbers of Stones: Additional Analysis  
of Study 5-2 Data 179

Study 6-3. Fu Use in the Reading of Prices Written with  
Hindu-Arabic Numerals 181

Shifting Forms and Functions of Fu in Collective Practices  
of Exchange: Coordinating Synchronic and Diachronic  
Analyses 184

Collective Practices and the Micro-, Socio-, and  
Ontogenesis of Form-Function Relations 190

Part III. Schooling 193

 7. A Brief History: Collective Practices of Schooling  
 in Oksapmin 196
No Western Schooling (Before 1962) 196
The Bible School (~1962) 199

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


Contents xi

Colonial and Postcolonial Community Schools (1967) 200
The School Reforms (1998) 201

 8. Unschooled Children’s Developing Uses of the Body  
 System 203
Study 8-1. Counting to Compare and Reproduce Sets 204
Study 8-2. Comparing Numerical Values of Body Parts 209
Study 8-3. Measuring with the Body 215

 9. Children’s Adaptations of the Body System in School  
 in 1980: An Unintended Consequence of  
 Postcolonial Schooling 223
Study 9-1. Observations in Classrooms 224
Study 9-2. Arithmetic with the Body: Unintended  

Consequences 228

 10. Some 20 years Later: Schooling and Number 237
Study 10-1. Grade 3 School Mathematics in 2001 239
Study 10-2. Quantification Practices Known by Grade  

3 Children in 2001 249
Discussion 262

 11. Teachers and Students as (Unintentional) Agents of Change 265
The Elementary School as a Research Site 265
Study 11-1. Observations of Classroom Instruction in 2001 267
Study 11-2. Elementary Lesson Plans 280

Part IV. Toward an Integrated Treatment  
of Sociohistorical and Cognitive  
Developmental Processes 293

 12. What Develops? A Focus on Form-Function Relations 295
Key Properties of Form-Function Relations in  

Quantification 295
Form-Function Relations in Quantification Practices as  

Units of Analysis 298

 13. How Do Form-Function Relations Develop? 299
Genetic Continuity and Discontinuity of Forms in  

Quantifications 300
Genetic Continuity and Discontinuity of Functions in  

Quantification Practices 301
Changing Niches and Implications for Genetic Shifts  

in Form-Function Relations 303
Continuities and Discontinuities in Forms, Functions,  

and Collective Practices over Historical Time 307

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


Contentsxii

 14. Why Do Form-Function Relations Develop? 308
Regulative Processes in Microgenesis 308
Regulative Processes in Sociogenesis 312
Regulative Processes in Ontogenesis 321
The Interplay between Micro-, Socio-, and  

Ontogenetic Developments 325

Epilogue 328

Appendix A. The Five Oksapmin Conversational Number Words 331
Appendix B. Currency Tokens, Images, and Physical Descriptions 332
Appendix C. Notes on Age Determination, Back-Translation,  
 and Interview Settings 335
Appendix D. Record Form Used in Trade Store Diary Study  
 (Sample Page) 337
Appendix E. Auxiliary Words Used in Quantification 339
Appendix F. Tit Fu Interview Used with Adults 341
References 343
Index 355

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


xiii

 1. Two men making a purchase of tins of fish in the mission 
trade store from an Oksapmin trade store clerk, 1978 page 23

 2. A sketch of Werner & Kaplan’s (1963) representation of 
a progressive distancing between symbol-referent and 
addressor-addressee relations 28

 3. Two body-part strategies to solve 5 + 7 = ? coins. (a) Direct 
extension of the body system; (b) internal correspondences 
established to keep track of the addition of 5 to 7 31

 4. The interplay between genetic processes 33
 5. Calculating-table by Gregor Reisch: Margarita 

Philosophica, 1508 37
 6. (a) Plain tokens, Jarmo, Iraq. (b) Envelope and its contents, 

a sphere and a disk, Susa, Iran. (c) Tablet showing a line of 
four circular signs followed by a line of four short wedges, 
Godin Tepe, Iran. (d) Complex tokens, Susa, Iran 38

 7. Location of Mountain-Ok communities in the central 
New Guinea highlands (left) and Mountain-Ok language 
boundaries (right) 41

 8. Man in traditional dress – cane belt and penis  
sheath – smoking (indigenous) pipe in his taro garden 42

 9. Generic trajectory of body parts used in highlands counting 
systems 43

 10. Body-part counting in the New Guinea area (from Laycock, 
1975, p. 223) 44

 11. Oksapmin number systems: the body-count system and the 
specialized lexemes for number 45

 12. The trajectory of a count using the Oksapmin body-part 
system 46

Figures  

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


List of Figuresxiv

 13. Woman reaching 27th body part and making stereotypic 
gesture of raised fists accompanied by the exclamation “tit fu!” 47

 14. Research designs and empirical techniques used in chapters 
on economic exchange 50

 15. A growing differentiation between subsistence and cash 
economies in Oksapmin (1940–2001) 52

 16. Movement of commodities through successive trades with 
neighboring groups in Mountain-Ok prehistory 53

 17. Bonang, used in traditional trading practices, and  
cassowary-bone dagger, used in warfare  
(from Oksapmin area) 54

 18. Police meet Min men, yendanap area, Bak Valley, 19 July 
1938 56

 19. Police meet Min men, yendanap area, Bak Valley, 19 July 
1938 57

 20. John Black in foreground with men at Sembati camp (near 
Tekin), 3 August 1938 58

 21. Australian shilling and pound (now obsolete) 61
 22. Oksapmin area 62
 23. A trade store in 1978 63
 24. History of Western currencies used in Oksapmin area, with 

the dates of issue and retraction and key equivalence relations 64
 25. Selected currency tokens across three waves of changes in 

currency in Oksapmin social history 65
 26. (a) Vegetables to be loaded on a twin-engine plane at Tekin 

airstrip in 2001; (b) a common public display of money 
being paid to people for their vegetables sold for export to 
Oksapmin middlemen 67

 27. Trade stores in Oksapmin, 2001 68
 28. Interior of Oksapmin trade store, 2001 69
 29. Truncated body-count system in which the 20th position 

(tan-kir) was treated as a “faun” (pound) 76
 30. Relative extent of engagement with economic exchange 

practices of cohorts sampled in Study 4-1 77
 31. Addition strategies for coins-present problems: (a) 

systematic; (b) initial effort at partial or coached strategy 80
 32. Subtraction strategies for coins-present problems: (a) 

systematic; (b) initial effort at partial or coached strategy 81
 33. Percentage distribution of approaches to the two addition 

problem types as a function of cohort (1980) 82

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


List of Figures xv

 34. Percentage distribution of approaches to the two subtraction 
problem types as a function of cohort (1980) 83

 35. Global-enumeration strategy for (a) addition and  
(b) subtraction 85

 36. Double-enumeration strategy for (a) addition and  
(b) subtraction 86

 37. Body-substitution strategy for (a) addition and  
(b) subtraction 88

 38. Halved-body strategy for (a) addition and (b) subtraction 89
 39. Percentage distribution of strategies to accomplish addition 

problems without coins present as a function of cohort 91
 40. Percentage distribution of strategies to accomplish 

subtraction problems without coins present as a function  
of cohort 92

 41. Mean number of advanced counting strategies used by 
participants as a function of cohort and problem type 94

 42. Selection criteria by cohort for participation in Study 4-2 99
 43. First error in count of first 20 body parts as a function of 

cohort 101
 44. Stopping values as a function of cohort 102
 45. Standard: thumb (23) → pinky (27) 103
 46. Begin again after 20: forearm (21) called thumb (1) 103
 47. Symmetric: pinky (23) → thumb (27) 104
 48. Distribution of body-part counting trajectories after elbow 

(20) as a function of cohort 104
 49. Percentage distribution of body-part counting sequence 

trajectories after pinky (27) (or thumb (27)) 105
 50. Map showing trail from Tekin to Daburap and store 

locations in Bak Valley (2001) 109
 51. Percentage distribution for language of quantification as a 

function of age cohort and schooling level 115
 52. Critical elements of the four stories presented to trade  

store clerks: exact change possible? and cohort of the  
customer 118

 53. Frequencies of payment structures reported by clerks as a 
function of currency condition and customer cohort 120

 54. Frequencies of payment and change types reported by clerks 
as a function of currency condition and customer cohort 121

 55. Percentage distributions of names used for the 10t coin in 
the Oksapmin language and Tok Pisin by cohort (2001) 132

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


List of Figuresxvi

 56. Percentage distributions of names used for the 20t coin in 
the Oksapmin language and Tok Pisin by cohort (2001) 133

 57. Percentage distributions of names used for the 50t coin in 
the Oksapmin language and Tok Pisin by cohort (2001) 134

 58. Percentage distributions of names used for the K1 coin in 
the Oksapmin language and Tok Pisin by cohort (2001) 135

 59. Percentage distributions of names used for the K2 note in 
the Oksapmin language and Tok Pisin by cohort (2001) 136

 60. Percentage distributions of names used for the K5 note in 
the Oksapmin language and Tok Pisin by cohort (2001) 137

 61. Percentage distributions of names used for the K10 note in 
the Oksapmin language and Tok Pisin by cohort (2001) 138

 62. Percentage distributions of names used for the K20 note in 
the Oksapmin language and Tok Pisin by cohort (2001) 139

 63. Variant ways of identifying the K5 note in Oksapmin 140
 64. The body-part counting system and the selection of five 

root positions for summation tasks: ring finger (4), wrist (6), 
neck (11), forearm (21), and forearm (29) 145

 65. Numbers used in stones, currency-of-lesser-value, and 
currency-of-greater-value tasks and their rationale 146

 66. Lesser-value tasks: root numbers, currency value, tokens 
used 148

 67. Greater-value tasks: root numbers, currency value,  
tokens used 149

 68. Uses of body and silings in the quantification and 
representation of materials in the conditions of stones, 
currency of lesser value, and currency of greater value 151

 69. Most frequently used expressions to indicate the value of the 
15 token arrays 153

 70. Use of pound-equivalent forms in final representations on 
the stones, lesser-currency-value, and greater-currency-value 
conditions by cohort 154

 71. Tan kir (20) used as a base point on quantifying 21 and 29 
stones 156

 72. Accommodations to the use of fu in representing  
odd-numbered values by cohort: the use of temsi (hole),  
kat-hai (shoulder (10)), and kut (partway) 157

 73. Three different locations of fu as reported by an elder, an 
older adult, and a middle-aged adult 164

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


List of Figures xvii

 74. Percentage distribution of plenty/complete/group meaning 
for fu as a function of cohort 169

 75. Percentage distribution of references to fu on body prior to 
probe questions as a function of cohort 172

 76. Percentage distribution of indications of places of fu on 
body after probe questions as a function of cohort 173

 77. Percentage distribution of currency selection for fu as a 
function of cohort 176

 78. Percentage distribution of answers to whether or not fu 
could be used to refer to quantity of sweet potatoes as a 
function of cohort 178

 79. Use of fu by task, condition, and cohort 180
 80. Mean proportions for reading/translating prices into 

Oksapmin by cohort on 10 written-prices tasks 183
 81. Percentages of fu use in written-prices tasks by cohort 184
 82. Shifting form-function relations of fu represented in 

synchronic time (vertical organization) and diachronic time 
(horizontal organization) 185

 83. Fu as a mediating link between equivalence relations in  
the system of pounds and shillings and the system of kina  
and toea 190

 84. Research designs and empirical techniques used in chapters 
on schooling 195

 85. Community school and elementary school openings  
in the Oksapmin area and shifting enrollment capacity  
of schools 197

 86. Morning assembly at school in Oksapmin area (1980) 202
 87. Percentage distributions of children’s accurate reproductions 

and comparisons for small set sizes by age group 207
 88. Percentage distribution of children’s use of counting to 

mediate the reproduction and comparison of intermediate 
and large set sizes by age group 208

 89. Two potential conflicts for Oksapmin children as they  
work to elaborate numerical functions for body counting 210

 90. Percentage of children achieving at least two of three  
items correct on the asymmetrical and symmetrical  
body-parts tasks 214

 91. Percentage distributions of items correct on the point-of-
origin task as a function of age group 214

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


List of Figuresxviii

 92. String bags worn by men, women, and children. 
Photographs, 1978, 1980 216

 93. Sketches of an adult and a child inserting their arms into 
the same string bag to measure: (a) An adult inserts her 
arms into the bag, and the finger tips to rim measure is the 
forearm (7); (b) a child inserts his arms into the same bag, 
and the finger tips to rim measure is the inner elbow (8) 217

 94. Number of correct responses to string bag comparison task 
for unschooled children and adults 220

 95. Number of correct responses to equivalent-unit tasks for 
unschooled children and adults 221

 96. Five arithmetic problem sets used in classroom arithmetic test 226
 97. Grade 4 children making use of the body system during an 

arithmetic test, 1980 227
 98. A child using a double-enumeration procedure, creating a 

one-to-one correspondence between two series as he keeps 
track of the subtraction of one term from another 231

 99. Percentage of children’s strategy types as a function of 
grade level for Phase 1 problems 233

 100. Percentage of children’s strategy types for Phase 2 problems 234
 101. Typical classroom at a community school in 2001 238
 102. A subtraction problem that Ms. N writes on the blackboard 

in vertical format, 54 – 26 = ? 241
 103. Currency exercises 245
 104. Problems involving computation with currency in a lesson 

for a Grade 3 class at a community school in 2001 248
 105. Percentage distribution of names used for the 1t coin and 

2t coin in the Oksapmin language and Tok Pisin by third 
graders (2001) 253

 106. Percentage distribution of names used for the 5t coin and 
10t coin in the Oksapmin language and Tok Pisin by third 
graders (2001) 255

 107. Percentage distribution of names used for the 20t coin and 
50t coin in the Oksapmin language and Tok Pisin by third 
graders (2001) 257

 108. Percentage distributions of names used for the K1 note and 
K2 note in the Oksapmin language and Tok Pisin by third 
graders (2001) 258

 109. Variation in quantification of 60t as a function of form 
of presentation (coins or written price) and language of 
quantification (Oksapmin or Tok Pisin) 260

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


List of Figures xix

 110. Variation in children’s quantification of K2.10 as a function 
of form of presentation (coins or written price) and 
language of quantification (Oksapmin or Tok Pisin) 261

 111. Two-room elementary school with dirt floor in 2001 268
 112. Chart posted on wall in each elementary classroom  

with corresponding representations of numbers to 10: 
Hindu-Arabic numerals (left column), body-part names 
in the Oksapmin language (middle column), and English 
number words (right column) 269

 113. Coverage of the lesson on counting, addition, and 
subtraction that features various representational forms, 
featuring body counting 271

 114. Two variants for enumerating 23rd to 27th positions on the 
body 272

 115. Teacher’s blackboard representation for teaching  
addition 273

 116. Subtraction problem: 5 – 3 = ? 274
 117. Teacher’s blackboard representation for teaching 

subtraction 274
 118. Coverage of lesson on token names and arithmetic with 

token names 276
 119. A list of Oksapmin names for units of currency presented 

on the blackboard 277
 120. Problems to solve (dahameng) listed on blackboard for 

independent work 278
 121. Problems written on the blackboard with inscribed 

solutions in a mixture of Oksapmin and Tok Pisin 278
 122. A piece of rubbish on a muddy Oksapmin trail near a trade 

store 282
 123. Oksapmin body and language extended to classroom 

mathematics 284
 124. Addition and subtraction problem on board (with sticks) as 

represented in the teacher’s written lesson description 286
 125. Addition of 7 + 3 = ? and 5 + 5 = ? represented in the 

teacher’s written lesson description for a sticks problem 287
 126. (a) The teacher and parts of a bird as represented on the 

blackboard; (b) four children and parts of their birds as 
represented on the blackboard 288

 127. Representations of 50 pieces of rubbish 289
 128. Subtraction problems in the teacher’s written lesson 

description as drawn on the blackboard 290

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


List of Figuresxx

 129. The word form temsi and its shifting function in 
quantification practices 302

 130. The word form haben and its shifting function in 
quantification practices 303

 131. The microgenesis of a numerical meaning for the elbow 309
 132. Two conventions used to refer to the K1 coin 314
 133. Percentage distribution of use of “shoulder (10)” or “hole” 

to refer to the K1 coin as a function of cohort 315
 134. Schematic of dyadic interactions in a community of 

interlocutors in synchronic and diachronic time 317
 135. Broadcast of token naming in synchronic processes over 

diachronic time 320
 136. Solving 6 + 8 = ? with coins present: count each term and 

then count all together 322
 137. Solving 6 + 8 = ? without coins present: the global-

enumeration strategy and the difficulty of keeping track 322
 138. Solving 6 + 8 = ? without coins present: internal 

correspondences and the specializations in the use of the 
body form to serve the function of keeping track 324

 139. Three individuals interacting in a collective practice: the 
interplay between micro-, socio-, and ontogenetic strands 
over time 326

 140. The five “conversational” numbers (not used for counting) 331
 141. Papua New Guinea coins used in the 1978, 1980, and/or 

2001 study 333
 142. Papua New Guinea notes used in the 1978, 1980, and/or 

2001 study 334
 143. Diary record form used by trade store clerks 338
 144. Auxiliary words used in quantitative expressions in the 

Oksapmin language 340
 145. Tit fu interview written in English, Tok Pisin, and 

Oksapmin translations 342

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-76166-6 - Cultural Development of Mathematical Ideas: Papua New Guinea Studies
Geoffrey B. Saxe
Frontmatter
More information

http://www.cambridge.org/9780521761666
http://www.cambridge.org
http://www.cambridge.org


xxi

This series for Cambridge University Press is widely known as an inter-
national forum for studies of situated learning and cognition. Innovative 
contributions are being made by anthropology; by cognitive, developmen-
tal, and cultural psychology; by computer science; by education; and by 
social theory. These contributions are providing the basis for new ways 
of understanding the social, historical, and contextual nature of learning, 
thinking, and practice that emerges from human activity. The empirical 
settings of these research inquiries range from the classroom to the work-
place to the high-technology office, and on to learning in the streets and 
in other communities of practice. The situated nature of learning and 
remembering through activity is a central fact. It may appear obvious that 
human minds develop in social situations and extend their sphere of activ-
ity and communicative competencies. But cognitive theories of knowledge 
representation and learning alone have not provided sufficient insight into 
these relationships. This series was born of the conviction that new, excit-
ing interdisciplinary syntheses are under way as scholars and practitioners 
from diverse fields seek to develop theory and empirical investigations ade-
quate for characterizing the complex relations of social and mental life, and 
for understanding successful learning wherever it occurs. The series invites 
contributions that advance our understanding of these seminal issues.

Roy Pea
Christian Heath

Lucy A. Suchman

Series Foreword
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xxiii

My aim in this book is to contribute to our understanding of relations 
between culture and thought. The context for key ideas and argumentation 
is my research in the Oksapmin region of Papua New Guinea, an area that 
encompasses two small valleys in the central highlands of the New Guinea 
island. The circumstances of the Oksapmin people have provided me with 
an extraordinary opportunity for research and reflection. The Oksapmin 
have historically used a 27-body-part counting system, and the change 
in their numerical practices since first contact by westerners in 1938 has 
been remarkable. In the pages that follow, I report my investigation of the 
history of quantification practices among the Oksapmin, with a particular 
focus on shifts that occurred over my three stints of fieldwork in 1978, 
1980, and 2001. Having this historical perspective brings culture-cognition 
relations into unusual relief.

A Trajectory of Research – Tensions and Partial Resolutions

In a 2005 commentary on some of my Oksapmin research (Saxe & 
Esmonde, 2005), Anna Sfard identified a conceptual shift in my work over 
a period of 23 years (Sfard, 2005), which includes, at one end, my first visit 
to Oksapmin in 1978 and, at the other, my last visit in 2001 and the pub-
lication of the manuscript in 2005. She pointed to a movement away from 
a structural developmental perspective, building on the work of Piaget, 
to a different approach to problems of culture-cognition relations, one 
that focused on collective practices and the reproduction and alteration of 
mathematical ideas in communities.

My first reaction was to disagree with Anna. I saw my own develop-
ment as having had no radical disjunctions, but rather as a continuous 
process that was firmly grounded in my early training. In preparing this 

Preface
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Prefacexxiv

book, however, I came to understand that what I had regarded as minor 
alterations constituted a marked conceptual shift in analytic approach. 
This preface provides a brief history of my disciplinary background and 
the trajectory of my work, providing an orientation to the perspectives 
that have shaped differently the waves of the Oksapmin fieldwork. I begin 
the short narrative with my undergraduate studies in psychology, and I 
conclude with the current treatment, which locates the reproduction and 
alteration of representations and ideas in community life as core concep-
tual and empirical problems that this volume will address. I believe know-
ing about my shifting orientation may be useful in understanding some 
nuanced methodological differences across the time frames.

Moral Reasoning in a Yu’pik Community

In 1969, as an undergraduate psychology major at U.C. Berkeley, I lived for 
a summer in an Eskimo village and conducted independent field research 
on moral development. My goal was to extend the structural-developmental 
treatment of moral reasoning elaborated by Lawrence Kohlberg (Kohlberg, 
1969) to an investigation of the reasoning of Eskimo villagers. The meth-
ods that I used reflected a prominent paradigm of the time: A researcher, in 
garnering supportive evidence that a posited stage sequence was universal, 
sampled divergent communities and interviewed samples of people at dif-
ferent age levels, coding interviews by means of preestablished schemes. 
Following this paradigm, I adapted Kohlberg’s notion of moral dilemmas 
into versions that I thought would be relevant to village life, and I inter-
viewed village children and adults sampled from preplanned age groups. 
Although it was not my intention, I also became a participant observer in 
the community, simply by living among the Eskimos. I bathed daily with 
yu’pik elders in an earthen sauna, a traditional practice; I attended cere-
monies that blended indigenous and Russian Orthodox practices; I was an 
observer of interpersonal disputes inflamed by home brew and firearms; 
and I attempted (with only partial success) to thwart the rumors that I was 
a Russian spy. By the end of the summer, I left the region unclear whether 
I belonged in the Eskimo village as an odd-looking yu’pik or in Berkeley 
as a student.

Back in Berkeley, I found myself struggling to make sense of the field-
work. I learned Kohlberg’s coding system, analyzed my interviews, and 
found that Kohlberg’s codes reduced the complex moral issues in the vil-
lagers’ lives to reasoning represented by the first two of Kohlberg’s six 
stages. I was pleased that my findings converged with other cross-cultural 
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Preface xxv

studies from this era of research on moral development, but I was trou-
bled as well, because my findings did not reflect the nuanced world of the 
Eskimo village, dense in moral complexities.

Upon reflection, I felt that my work failed to represent critical dynam-
ics of culture-cognition relations in the moral domain, and I wondered 
if the same critique could be made of cognitive developmental research. 
The approach’s emphasis on universals pushed the diversity and com-
plexity of historical and cultural processes into a distantly backgrounded 
“context,” and a question emerged that would later become the core of my 
Oksapmin research. How does one preserve the explanatory power of a 
developmentalist orientation to the progressive differentiation of forms of 
thought while creating techniques that yield greater insight into culture-
cognition relations? The necessary focus on the individual’s elaboration of 
cognitive structures in developmental treatments left culture as not much 
more than an appendage. But these issues were set aside after I entered 
graduate school in cognitive developmental psychology at U.C. Berkeley 
with Jonas Langer (1970–1975) and then held an 18-month postdoctoral 
fellowship in the cognitive neurosciences with Peter Wolff at Harvard 
University Medical School and Howard Gardner at the Boston Veterans 
Administration Hospital (1975–1977).

Graduate Study and Early Career

Throughout my graduate training and early post-Ph.D. years, I engaged 
with a thick reading of Piaget’s and related developmental theories. 
Through a Piagetian lens, I examined, with graduate student colleagues 
and under the wise guidance of Jonas Langer, questions of the origins of 
human knowledge and corroborative evidence for the emergence of uni-
versal stages in logico-mathematical and physical understandings (Piaget, 
1952). While I also read with great interest the work of Heinz Werner 
and Lev Vygotsky, their writings did not directly inform my dissertation 
research.

My dissertation engaged the long-standing discussion about relations 
between representation and understanding in cognitive development. In 
establishing a context for my work, I noted that Piaget, in his treatment of 
the development of numerical understandings, made offhand arguments 
about developmental relations between cultural systems of representing 
numbers, such as counting, and fundamental numerical understandings like 
number conservation. In my dissertation I endeavored to systematically 
explore counting-conservation relations, showing that counter to Piaget’s 
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argument, children used counting to mediate numerical evaluations prior 
to their understanding conservation. I developed arguments that showed 
how one could work with core elements of a constructivist framework like 
Piaget’s to produce a more adequate treatment of counting-conservation 
relations, even though my findings were at odds with Piaget’s claim.

My dissertation led me to an NIMH postdoctoral fellowship at 
Children’s Hospital Medical Center in Boston and the Boston Veterans 
Administration Hospital (VA) in the developing field of cognitive neuro-
science. My focus was on atypical populations – children with varied forms 
of learning disabilities related to number and adults who had suffered focal 
brain lesions. With these populations, I sought to explore dissociations 
between representation and understanding in the domain of numerical 
thought. The postdoctoral period opened my eyes to questions of physio-
logical mechanisms and the organization of cognitive functioning. At the 
VA I regularly attended rounds and engaged in a number of case stud-
ies involving people who had suffered loss of cognitive functioning. At 
Children’s Hospital I worked in a learning disabilities clinic and conducted 
related work on children with focal difficulties with number. As I worked 
to find ways to help children and patients to circumvent cognitive impair-
ments, I became attuned to the character of atypicalities. It was during this 
period in Boston that I received a letter from David Lancy, at the time 
Principal Research Officer of the Ministry of Education in Papua New 
Guinea. David wrote to invite me to submit a grant proposal to study the 
development of numerical cognition in indigenous groups. He had learned 
of my dissertation research and was looking for recent Ph.D.s who might 
be up for an adventure into other worlds. For me, the glove fit well: I 
was excited about the possibility of extending my interest in comparative 
approaches to communities far removed from me as well as the opportu-
nity to participate in another cultural world. I wrote a small grant proposal, 
which was funded. In the interim, I received my first academic appoint-
ment, at the Graduate Center of the City University of New york in a 
Ph.D. program in Educational Psychology.

I delayed the Papua New Guinea trip for a year, and during that aca-
demic year in New york, I met two doctoral students in anthropology, Tom 
Moylan and Virginia Guilford, who were bound for Papua New Guinea 
to do dissertation research in linguistic anthropology. We discussed our 
Papua New Guinea research plans, and several months after Tom was in 
the field, I received a letter from him. Tom wrote of his early experiences 
with the Oksapmin, a remote group, and their number system, and invited 
me to come for a stay and study. I worked out an arrangement with David 
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Lancy at the Ministry of Education to engineer the Oksapmin area as a tar-
get for my own work. After a lot of help from my friends and family, I took 
off for New Guinea at the end of my first year at the Graduate Center.

Oksapmin 1978

My first entry into the remote community was unnerving. After a couple 
of failed landing approaches trying to find holes in rapidly moving clouds, 
the pilot put down his small Cessna on a notoriously hard-to-land-on dirt 
strip adjacent to a Baptist mission station. The airstrip was about 12 kilo-
meters from Kweptanap, the village where Tom and Virginia resided. After 
a quick greeting and questioning, I took up the resident missionary’s offer 
for a ride on the back of his motored dirt bike as far as the trail permitted 
to Tom and Virginia’s Kweptanap location. Of course, we were a specta-
cle to onlookers. What I saw on the bumpy and muddy trail appeared as a 
fantasy world. The terrain was alien, and the people were so different from 
me. We passed bare-breasted women in grass skirts carrying string bags of 
sweet potatoes as well as fierce-looking men with bows and arrows, their 
pierced noses displaying boars’ tusks and beetles’ horns, dressed in cane 
belts and penis sheaths. When the dirt bike could go no farther, the mis-
sionary pointed to a densely forested trail. I set off worried that only a few 
hours of daylight remained. After an hour’s slog through deep clay mud, I 
encountered some boys hunting with their bows. Excited to find me, they 
helped guide me (patiently, at a pace that I could follow) to a mountain 
bluff, where they called out with a mountain yodel to signal our impending 
arrival at Kweptanap. I doubted that Tom expected me to take him up on 
his invitation, but there I was.

The 1978 studies represented my first effort to engage the tension 
between a developmental analysis of universals in numerical cognition and 
culture-specific cognitive developments. My resolution was to focus on a 
unique and important historical development in Oksapmin communities, 
the 27-body-part counting system, and Oksapmin children’s developing 
understanding and use of it. With the orienting help of Tom and Virginia, 
I investigated developmental shifts in one-to-one correspondence opera-
tions as evidence of the ways that children turn their culture’s counting 
system into forms for counting and doing simple arithmetic operations 
(Studies 8-1 and 8-2, described in Part III). While my findings preserved 
a Piagetian orientation, they represented my determination to investigate 
developmental processes that were tied to culture-specific systems. This 
work opened up new lines of inquiry on my subsequent visits.
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Oksapmin 1980

Returning to the area with Tom Moylan and Maryl Gearhart (who later 
became my partner in life) in 1980, I conducted developmental studies with 
a clearer and better-articulated link to people’s daily activities and their use 
of the 27-body-part system to solve emerging problems.1 In comparison 
to my prior work, my approach was decidedly more functional though it 
retained its Piagetian-developmental orientation; I wanted to capture the 
way that people were adapting and extending the body-part system to solve 
problems in daily activities. In a departure from my earlier concentration 
on the assessment of cognitive structures as articulated by Piaget, I now 
focused on cognition in practice, in the form of local people solving local 
problems. In this shift in investigative posture, which at the time I hardly 
appreciated as a shift, I had been reading works in the sociocultural tradi-
tion. These included Luria’s seminal studies in the postrevolutionary Soviet 
Union (Luria, 1976) and the work of Michael Cole (and his collaborators) 
on cross-cultural methods for investigating the representations of knowl-
edge of non-Western peoples (Cole, Gay, Glick, & Sharp, 1971; Cole & 
Scribner, 1974; Scribner & Cole, 1981). I also revisited the developmental 
perspectives of Werner and Kaplan in their treatment of symbol formation 
(Werner & Kaplan, 1963). These efforts led to developmental studies on 
the Oksapmin’s use of the body system to measure string bags (Study 8-3), 
to compute arithmetic problems in bush schools (Studies 9-1 and 9-2), 
and to solve emergent problems in economic transactions in trade stores 
(Study 4-1).

Oksapmin 2001

Twenty-one years later, I returned to the Oksapmin, this time with my 
19-year-old son Josh and two graduate students, Indigo Esmonde and Cliff 
McIntosh. My analytic concerns had deepened during 20 years of research 
on collective activities and cognitive development in diverse settings, with 
projects that included the study of candy selling and straw weaving in Brazil, 
number games in the homes of Brooklyn preschoolers, educational games 
for elementary students in Los Angeles, and classroom practices and math-
ematics education. Across these projects, I had developed a commitment 

 1 Tom pursued his own research on the Oksapmin language and consulted with me on 
studies of number. Maryl collected field observations for a Ministry of Education curric-
ulum project directed by Randall Souviney.
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to exploring the interplay between individuals’ developing understandings 
and the recurring problems that they cognized and solved in collective 
activities. For example, in 1985, in my work in Brazil with young candy 
sellers, my concern was to explore the structure of the children’s practice 
of purchasing from wholesale stores, marking up the candy for retail sale, 
selling it to customers, and then searching for a better buy at wholesale 
stores. In this complex practice, the numerical problems that emerged for 
the young entrepreneurs (some of whom had virtually no schooling) arose 
from an interplay between their own understandings and the conditions of 
their practice, which was steeped in norms, values, and social conventions. 
My research showed that sellers, through their engagement with selling, 
had developed specialized forms of numerical representations and under-
standings deeply interwoven with their practice, and that their use of these 
forms was both powerful and insightful (and quite different from those of 
their nonselling peers).

When I first considered returning to Oksapmin, I conceptualized the 
analytic focus in simple terms: I would ask, had people’s approaches to 
quantification changed since my early visits? And if so, how? With these 
questions, I would extend my prior work on understanding cognitive 
development in collective practices to incorporate a historical perspective. 
But once in the field, I found that my initial “simple” questions quickly 
 morphed into an engagement with foundational issues: ways of under-
standing social history as a central theoretical construct in the conceptu-
alization of cognitive processes as well as ways of understanding cognitive 
processes in the historical development of mathematical ideas. Oksapmin 
in 2001 became an arena to flesh out and pursue new ideas as I framed new 
questions and empirical projects.

In the thinking that came to usefully organize my work in 2001, peo-
ple’s present-day cognitive activities were reproducing as well as altering 
the collective practices in which they were participants, including forms 
of numerical representations they were using and the functions that these 
forms were serving as they pursued their own goals. At the same time, the 
complex dynamics of historical processes made manifest in collective activ-
ities framed people’s goal-directed actions. This dialectical relationship 
between individual and social history that emerged in people’s engage-
ment with collective activities became an important frame for me in 2001. 
Bringing strands of my earlier 1978 and 1980 Oksapmin work forward, I 
focused on two arenas for analysis in 2001. The first arena was people’s 
engagement with collective practices of economic exchange (Studies 4-2, 
4-3, 4-4, 5-1, 5-2, 6-1, 6-2, and 6-3), and the second was students’ and 
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teachers’ participation with schooling (Studies 10-1, 10-2, 11-1, and 11-2). 
Though the shift in my own thinking about knowledge and its develop-
ment seemed continuous and straightforward, the reader may detect a dif-
ference in analytic posture between the studies conducted between 1978 
and 2001. To make the volume more coherent, I have organized it by mak-
ing use of my current conceptual commitments related to understanding 
dynamic relations between individual, collective activity, and social history 
in the cultural development of mathematical ideas.

For readers interested in viewing video of scenes from Oksapmin 
communities in 1978, 1980, and 2001, please consult the following Web 
site: http://culturecognition.com/ or the youTube channel: http://www 
.youtube.com/user/CultureAndNumber1. The videos include displays of 
the Oksapmin 27-body-part counting system and innovative uses of the 
system in arithmetical problem solving. The channel also includes video on 
collective practices, such as economic exchange and schooling; subsistence 
activities, such as hunting and gardening; and playing of  (musical) percus-
sion instruments.
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