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Abstract 
 
In this reflection on my previous JMC publication “The Incan Abacus: a Curious Counting 
Device” and current research trajectory I focus on math and language. Because math and 
language are both semiotic systems involving memorization, manipulation, and interpretation, 
they can be taught with similar pedagogical approaches, including the task-based approach.  To 
illustrate this, I analyze the ethnomathematics seminars I have designed around the use of a 
multilingual mathematics medium, the quipu, in diverse and multicultural settings in order to 
advocate for greater inclusivity and diversity in mathematics.  
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Introduction 

Unbeknownst to me, my own research trajectory ultimately has its origin in my freshman year of 

college when my advisor presented me with a question (which would become very common in 

future years): What will you do with a double major in Math and Spanish? What do those fields 

have in common, if anything?  Like most teenagers my age I wasn’t too phased by this 

predicament and continued studying and taking classes that interested me, mostly for the simple 

pleasure of learning.  Throughout the years, however, I found that my seemingly disjoint 

combination of studies wasn’t so unheard of; whether by chance or design I came to know 

numerous students and faculty that study or had studied math in combination with other 

languages.  Now, as faculty, my colleagues send their language-learning math majors to me for 

help with advising. 
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What had started as a very practical question (what do math and language have in common?) 

soon became a theoretical inquiry.  As an undergraduate I was faced with the logistics of 

bringing together a committee composed of faculty members from my different majors in order 

to present a senior honors paper.  More so for the benefit of my audience, I pondered a way to 

make connections between classes and combine ideas from both fields of thought as to not bore 

anyone in the presentation.  I decided that ethnomathematics (see Tun, 2014a) was the solution 

to this question that had accompanied me all these years as it provided the language and 

theoretical background necessary to analyze math practices contextually; my first exposure to 

ethnomathematics literature and ideas made me consider how numbers could be socially-

constructed (see Urton, Gary, 1997), how math practices could be situated (see D’Ambrosio, 

1986), and how the commonly-promulgated history of mathematics could be greatly limited and 

selective (see Selin, 2001). Using this starting point, I wrote a paper about the Inca abacus and 

it’s possible connection to indigenous language; it was precisely this reflection that materialized 

in the article I published in JMC a few years later: “The Incan Abacus: A Curious Counting 

Device” (Leonard & Shakiban, 2011).  In this current reflection, in commemoration of the 10th 

Anniversary edition of JMC, I will further elaborate on the connections between math and 

language by focusing on pedagogy (informed by second-language acquisition techniques) and 

the specific teaching materials (based on the Inca quipus) I have designed to teach math and 

culture in multilingual and multicultural contexts.  

Math and Language 

Although the traditionally quiet, note-taking math classes seem at odds with the loud, noisy, 

cacophony of voices of a second-language classroom, this opposition is actually more a matter of 

pedagogy than anything else.  While language-learning classrooms have traditionally privileged 
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oral input and production, and math classrooms have generally placed emphasis on the written 

symbol, both are forms of “foreign language,” in so far as they are semiotic systems that are new, 

and in a way, “foreign” to the student. As in any foreign context with unknown expressions, 

body language, and vocabulary, a math student that does not master the content, understand the 

operant rules and norms, or gets lost in the flow of formulas, variables, and calculations, could 

consider his/her experience in a math classroom very similar to that of “learning a foreign 

language.”  

As semiotic systems, both math and language learning entail a process of a) memorization, b) 

manipulation, and c) interpretation.  Learning to communicate in a new semiotic system is a skill 

that begins with memorizing the given “chunks” of information of that system, whether in the 

form of letters (á, ñ, ll, m…), morphemes (suffixes, roots…), and words (amigo, fiesta, adios…) 

of a Spanish travel dictionary, or in the form of symbols (∞, 𝜋, e, x…),  concepts (radians, sin(x), 

|x|…), and formulas (a2+b2=c2, y=mx+b, A=1/2bh….) of the reference page of a math textbook. 

Once a basic collection of memorized building blocks is established, students are introduced to 

rules and operant norms of manipulating, combining, and calculating such segments. In learning 

a foreign language, for example, one learns how to apply formulas for conjugating verbs (“go yo, 

drop o, add opp” to form the Spanish subjunctive tense), string words together to make basic 

sentences (subject + verb + complement), and manipulate punctuation (Let’s eat grandma ≠ Let’s 

eat, grandma). In a similar fashion, math students learn how to perform operations (3+5, 9/3, 24), 

solve equations and isolate variables (2x+1=5 à 2x=4 à x=2), and use logic to prove certain 

arguments (such as “ 2 is irrational”); the mathematician Michael Hutchings effectively 

articulates this connection between math and language when constructing an argument: “there is 

a certain vocabulary and grammar that underlies all mathematical proofs… by ‘grammar’, I 
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mean that there are certain common-sense principles of logic, or proof techniques, which you can 

use to start with statements which you know and deduce statements which you didn’t know 

before” (Hutchings, n.d., p. 1). This linguistic and mathematical process of constructing and 

manipulating a shared symbolic code via grammatical rules is only mastered when one is able to 

accurately and effectively interpret the results, whether this is an answer you calculate after 

solving a complicated word problem or the understanding you draw from a command or text in a 

foreign language (or correspondingly, the command you give or text you write in another 

language).  Ultimately, both math and language acquisition can be measured by one’s ability to 

a) code, b) construct, and c) communicate meaning in a “foreign” but shared semiotic system. 

While mathematics and languages have many structural similarities, it would be unproductive to 

minimize their contextual differences; both mathematic and linguistic traditions are framed and 

influenced by their users or their distinct communities of practice.  In language studies these 

groups are known as “speech communities” and can be defined as the “speakers of the same 

language that negotiate and establish the extent of common meaning in the linguistic tokens with 

which they operate” (from Brumfit, 1984, p. 28).  Linguistic speech communities tend to be 

regionally/geographically and culturally delineated while mathematics communities of practice 

might be harder to define or visualize; this stems back to the emphasis a speech community 

places on interpersonal relationships and oral negotiation while a mathematics community of 

practice is connected in a more discreet way through written code and negotiation.  This is not to 

say that oral and written negotiation of meaning is strictly applicable to linguistic and 

mathematics communities of practice respectively (as both kinds of communities engage in both 

kinds of negotiation), but could explain why both fields (math and language) have been 

perceived as fundamentally different.  Students would corroborate that the communities 
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established by Math majors and those of Spanish majors seem very different, at least on a 

stereotypical level.  Regardless of contextual differences between the math and language 

communities of practice, the structural similarities of math and language learning allow for 

similar pedagogical approaches in the teaching of math and language, as proposed below.  

Math and Language Pedagogy in Multicultural Contexts 

Since the 1990s pedagogy across disciplines has focused on student-centered learning, 

specifically, a move from teaching about the operative norms of a field to facilitating a practice 

of those skills and ways of thinking.  In language classrooms this can be seen as students and 

instructors are continually talking less about Spanish grammar and conjugation and dedicating 

more time for students to practice using and producing the language. Likewise, I’m familiar with 

more math instructors that are “flipping the classroom” so that students watch the lectures about 

course content at home in order to practice and discuss math topics and problems in class. This 

pedagogical shift is more prevalent or visible in disciplines or classrooms in which the instructor 

considers a main course objective to be the development of a skill, as opposed to simply the 

mastery of content. 

To the extent that math and language studies are related to skill-development in conjunction with 

content-mastery,1 it could be mutually productive to compare the evolution of their pedagogies 

and draw connections between the strategies and approaches used in the teaching of each.  

Although before my time, my own Spanish professors would recall the audio-lingual method of 

the 1950s and 60s when they would repeat the instructor’s perfectly-articulated questions and 

																																																								
1 Here, the idea of “content-mastery” refers to an advanced knowledge of the underlying structure of math or 
language, independent of the ability to produce math or language. In the context of a Spanish classroom this might 
entail knowledge of the rules of conjugation, grammar, vocabulary, or syntax, independent from the ability to write, 
read, speak, or comprehend the language in a variety of contexts. This is unrelated to the content-based pedagogical 
approach that teaches language via content (which could be considered a specific application of a task-based 
approach that provides students with tasks centered on culturally relevant content and material).    
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responses in drill-based fashion; this teacher-dominant approach fueled by American politics and 

the Army Method of language learning, tape-recorder vendors, and behavioral psychology 

(Barker, 2001) led to student language production with highly accurate pronunciation in a limited 

range of expressions, but little ability or creativity to truly engage in communication in the target 

language (see Mueller, 1971).  This method might be likened to the arithmetic drills common in 

an elementary school setting in which students memorize a series of teacher prompts (4x3) and 

student response (12) within a limited range (such as the memorization of multiplication tables 

up to 10x10 or 12x12).   

Subsequent decades were witness to the development and emphasis of the communicative 

method (still prevalent in schools and universities today) which no longer taught language as a 

means to communication but rather communication via language (Brumfit, 1984, p. 41); this 

approach transformed the classroom from an atlas model with solely teacher-student interactions 

to a student-centered model that privileged pair-work and group activities.  Such pedagogy might 

be envisioned in the math classroom as one that does not teach math for the sake of problem-

solving but rather as one focused on problem-solving via mathematics; one such pedagogical 

shift in a calculus classroom, for example, could be facilitated by focusing on the conceptual 

problems (finding maximum/minimum, areas/volumes, etc.) and then identifying and learning 

the skills necessary to solve the problem at hand as opposed to the traditional framework in 

which skills (derivatives, integrals, etc.) are the organizing principle of the content and the 

applications are presented as an afterthought.   

The communicative approach served as a natural segue to one of the most prominent second-

language acquisition pedagogies of today: the task-based approach (or similarly, task-design in 

mathematics education).  In a way, this pedagogy is an extension of the previous in that tasks are 



 
Journal of Mathematics and Culture 
December 2016 10(3) 
ISSN-1558-5336 

154 

completed via communication via language; in this type of classroom “the primary focus is on 

meaning, and learners comprehend, manipulate, produce, and interact in the target language to 

achieve an objective” (de la Fuente, Peris, & Baulenas, 2007, p. xvi). Providing students with 

concrete and relevant tasks which can later be evaluated as completed (or not) and presented to 

the classroom as tangible evidence of language acquisition and skill-development could evoke 

higher levels of motivation and drive as opposed to a more general, repetitive objective of 

“communicate in Spanish with your classmate.”  Likewise, current research in math task-design 

advocates for the creation of interest-dense tasks as connected to the perceived needs of students 

(Ainley & Margolinas, 2015, p. 133; Bikner-Ahsbahs & JanBen, 2013). 

One challenge I envision of the application of this task-based pedagogy is the creation of 

relevant and interest-dense tasks inclusive of a wide range of learners in multicultural and 

multilingual classrooms and contexts.  Tasks are inherently culturally-framed; while it may be 

easier to find inclusive tasks for a language classroom (such as “plan a party,” “organize a trip,” 

“design a home”) that allow for multiple answers and for students to shape the outcome of the 

task in an infinite number of ways, tasks in mathematics textbooks and classrooms commonly 

have only one right answer associated with a very confined and culturally-driven context (for 

example “optimize the area of a swimming pool,” “find the time it takes coffee to cool down to 

room-temperature,” “calculate total revenue”).  In general, word problems in math textbooks in 

the U.S. tend to be Western-culture specific and not necessarily reflective of the diversity of 

learners or cultural math practices that place value on other distinct kinds of tasks, problems, and 

numeric ways of distributing and organizing.  

Furthermore, in mathematics, tasks are not only culturally but linguistically framed; while tasks 

in a second-language classroom are designed to place all students into a new linguistic 
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framework, that of the target language, mathematics tasks are framed by the specific speech 

community of the dominant culture from which all students are introduced to a new 

mathematical “language.”  The speech community privileged in a math classroom might be that 

of the larger community or determined by the student population and instructor profile; a student 

of mine actually complained about a math class she took at the University of Minnesota in which 

the students and professor comprised a unique dominant culture in which much of the classroom 

discussion of math problems was carried out in Chinese!  In addition to the cultural nature of 

math tasks, the speech-community dynamic of a mathematics classroom can influence a 

student’s ability to successfully complete these tasks assigned, granting an advantage to 

members of the dominant speech community and challenges to those coming from other lingual 

backgrounds. Oftentimes one’s native language has an influence on the numeric base system one 

is comfortable using (Li, 2007, p. 25) or the way in which one develops numeric reasoning.  

These differences in logic can lead to differences in the social sphere as well.  Richard Day 

(1982) has shown how “language attitudes and perceptions develop early, so that speakers from 

majority and minority groups already have strong in- and out-group perceptions, on the basis of 

language, by the age of three” (cited in Brumfit, 1984, p. 26); this results in the creation of “in- 

and out-groups” when completing culturally and linguistically framed tasks in a mathematics 

classroom. 

While impossible to dissociate culture and language from tasks in the math classroom, we should 

consider ways to accommodate diverse speech communities as well as promote a more inclusive 

community of practice in mathematics. This might be done by envisioning and incorporating 

multilingual and multicultural tasks into the mathematics curriculum—a goal actively pursued by 

researchers and instructors working from an ethnomathematics perspective (Gavarrete 
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Villaverde, 2013). Such an inclusionary task-design takes into consideration distinct learning 

styles and backgrounds, allows for diverse forms of knowledge production, provides for 

alternative forms of evaluation, promotes collaboration between diverse lingual and learning 

groups, and may even bring awareness to underrepresented topics in mathematics.   

Teaching with Quipus: A Multilingual Approach 

One set of multilingual and multicultural tasks that could be incorporated into mathematics 

education of diverse contexts and objectives are those I have designed in relation to Inca 

counting and calculating practices. Since the publication of “The Incan Abacus: A Curious 

Counting Device” in JMC I have continued researching Andean mathematics (Tun & Díaz, 

2015) and numeric devices including the Inca abacus/yupana (Tun, 2014c), the taptana (Tun & 

Luis Octavio, 2014), and the Inca knot records/quipus (Tun, 2014b).  These three Andean 

counting and recording devices (yupana, taptana, and quipu) are multilingual and multicultural in 

nature in so far as they are not explicitly connected to any one language (as opposed to a math 

textbook or calculator articulated in English).  In this way, these devices can easily be used by 

distinct cultural and speech communities. In the case of the Inca Empire, for example, the quipu 

was a numeric record system whose general semiotic structure of strings and knots (see Fig. 1) 

allowed for various ethnic groups of diverse languages to partake in this tradition when 

submitting tribute to a larger, more heterogeneous political entity (Tun, 2015, p. 70).    
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Figure 1: Quipu. Image Courtesy of the Rare Book Collection at the Wilson Library, University 
of North Carolina (Chapel Hill). 
 

My time spent teaching both Math and Spanish at both the University of Minnesota and the 

University of St. Thomas afforded me the time, opportunity, and intellectual locality from which 

I could apply this research in practical ways through the development of ethnomathematics 

teaching and seminar materials. I have introduced the quipu in diverse contexts including a) the 

Gran Bretaña elementary school in Lima, Peru, b) the Girls Experiencing Math in the Summer 

(GEMS) high-school math camp hosted by the University of St. Thomas, and c) the 

undergraduate history course Early Latin America-1825 at the University of Minnesota. Each of 

these three settings exemplifies how the quipu can be taught in different cultural and lingual 
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contexts and adapted to the particular needs of each learning community, as outlined below, 

respectively:  

a. Autochthonous Application. In this context, math practices endemic to a 

particular location or community are promoted.  This might entail the 

reintroduction of traditional methods forgotten or eradicated over time or the 

further expansion and dissemination of current local practices and patrimony. 

Many ethnomathematics publications discuss this dynamic in relation to the 

incorporation of indigenous practices in corresponding local school curriculums, 

as seen in the efforts to incorporate the use of the Inca abacus into various school 

settings in Peru (see Chirinos Rivera, Andrés, 2010).    

b. Academic Numeracy. In this context, different cultural math traditions are 

prefaced, discussed, and interpreted in connection with values associated with the 

Westernized discipline of academic mathematics.  Through this lens, the 

mathematical traditions and ideas presented are those that contribute to the 

advancement of the Western narrative of mathematics or that could be translated 

into Western terms in order to develop math skills and logic typical of academic 

mathematics in a Western context. An example of this tendency can be found in 

the article “The Inka Numeration System in the Yupana and Khipu” (Rojas-

Gamarra & Stepanova, 2015) which identifies itself as the first study that 

formalizes an interpretation of the Inca abacus in terms of algebraic expressions 

(54).   

c. Anthropological Exploration. In this context, diverse math traditions and practices 

are studied from an ethnographic viewpoint in order to highlight concepts related 
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to history, culture, social organization, economics, etc. Given the colonial origins 

of anthropology, the discussion of “other” math practices has generally been one 

about non-Western cultures as witnessed by Western, academic practice. This 

dynamic is particularly prominent in anthropological descriptions of math 

practices, as found in some of the nascent publications of ethnomathematics, 

including the work of Otto Friedrich Raum (1938) and Claudia Zaslavsky (1973) 

in describing and analyzing mathematical practices in Africa.  

The specific task design of the quipu classes and seminars I organized varied according to the 

objectives and dynamic of the contexts listed above; in general, however, each session included a 

cultural and mathematical discussion of the quipu, a hands-on introduction to coding a quipu, 

and a final interpretation and evaluation of the group’s results. This activity design brings 

students through the stages, discussed previously, of learning and mastering a new linguistic or 

numeric semiotic system: memorization, manipulation, and interpretation. In general, students 

were asked to use the coding features of a quipu (mainly color, cord placement, knot position, 

and knot quantity) to represent a given quantity of goods, exchange this recorded information 

with other classmates, encode the subsequent results, and finally interpret and report the 

quantities and outcomes of the simulation. 

 
Figure 2: Images of students making and reading quipu at the Gran Bretaña elementary school 
in Lima, Peru. 
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This quipu simulation is representative of the way the quipu has been used to encode, exchange, 

and recall numeric information pertinent to the organization and distribution of goods, services, 

and people in the Andes for centuries.  It was used an on imperial scale during the Inca empire 

with evidence suggesting these records were moved through bureaucratic and geographic 

hierarchies by summing together local quantities in order to evaluate global supplies, and/or 

conversely dividing global or ideal quantities in order to determine local contributions.  Gary 

Urton and Carrie Brezine’s article “Information Control in the Palace of Puruchuco: An 

Accounting Hierarchy in a Khipu Archive from Coastal Peru”(2007) is an excellent resource on 

the cultural and numeric basis for this information exchange.   The quipu (or versions of it) have 

been used in other settings all throughout Andean time and space, including those used in more 

recent times in the context of hacienda accounting (Mackey, 1970).  The colonial chronicles are 

also rich sources of quipu description and images (see Parssinen & Kiviharju, 2011). The depth 

of cultural and historical background provided students in each context was dependent on the 

students’ previous knowledge and future goals.   

The memorization stage of the exercise requires students to learn (or memorize) the operating 

parts and components of a numeric quipu.  The basic structure is composed of a main cord from 

which pendant cords are hung, each cord indicative of a distinct category.  Cord colors and 

position can indicate category, whether through associating a certain good with a certain color 

(for example, bars of gold with a yellow cord) or associating position with a certain progression 

(for example the fourth cord indicating the fourth month of a year). Numbers operate in the 

decimal system and are encoded (as a string of single knots or as long knots with a certain 

number of turns) in a vertical fashion with the highest unit values towards the main cord and 

spaces in between unit values. To help students understand the underlying structure and numeric 
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function of the quipu I oftentimes present them with a drawing of the quipu that Locke used 

(1923) to determine that the knots operate in base-10 and that the values of the pendant cords can 

be added together and recorded on the summation cord (134+366+250+55=805, see Fig. 3). 

Marcia and Robert Ascher’s Mathematics of the Incas: Code of the Quipu (1981) provides a 

comprehensive introduction to these structural features as well as instructions of how to spin 

your own cords and exercises to practice these concepts.  The number of features introduced and 

encoded in the activity is highly variable.   

 

Figure 3: Exploring the structural and numeric elements of the quipu with students. 

 
The dynamic of the manipulation stage of the activity is dependent on the specific prompt given 

or task assigned (and its designed outcome), but generally includes an encoding, sharing, and 

reporting of data.  In the context of the elementary school in Peru, students worked in groups to 

make a quipu with different color pendants representing the different quantities and categories 
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provided; the groups had to come to a consensus as to the colors they would use to encode each 

item.  In the activity prepared for the high school math camp, teams competed in a relay race in 

which student #1 prepared the quipu structure by attaching pendant cords to the main cord and 

indicating the starting point, student #2 knotted the numeric quantities provided into each cord, 

student #3 totaled local quantities and knotted the regional totals, and student #4 totaled regional 

quantities and knotted the global total; this activity relied on mental calculations but could also 

incorporate the use of the Inca abacus when calculating sums.  In the case of the undergraduate 

history course, students used colonial records and attempted to transfer the data onto quipus. 

This task lends itself quite easily to group-oriented interpretation and evaluation of results, as 

opposed to teacher-dominated feedback. The elementary school students exchanged their quipus 

with other groups to see if those groups encoded categories with the same colors and if the knots 

were readable and accurate; because this activity was perceived as a fun challenge for this group 

of young, energetic students, they were all eager and more than willing to check their classmates’ 

work, give feedback, compare results, and even strategize about how to standardize methods in 

the future.  These students enjoyed learning this “secret code” and were interested in the process 

as well as result.  The high school math students also enjoyed the challenge and competition of 

the task; in their relay race student #5 actually had to read the knots of the final summations in 

front of the class to see which groups successfully completed the challenge and in the shortest 

amount of time.  The undergraduate history students struggled through the calculations and 

encoding but came to a new appreciation of the colonial history they had been studying all 

semester; these students discussed the results in terms of empire,  distribution, conquest, power 

relations, and colonialism in a hands-on and minds-on way that illustrated many of these pre-

Colombian and colonial dynamics.   
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Results and Reflections 

These quipu tasks were successful in teaching mathematics concepts in diverse settings when 

evaluated against their distinct objectives: autochthonous application, academic numeracy, and 

anthropological exploration. At the Gran Bretaña elementary school in Lima, Peru, the students 

were appreciative to learn more about a cultural symbol quite familiar to them and took 

ownership of the task; in a way, by learning how to use and communicate with quipus they re-

appropriated this medium as an important part of their identity (I’m told that after the seminar the 

students even hung a calendar quipu on the blackboard from which they kept track of the days 

and months of the remaining school year). The advanced high school math students who 

attended the GEMS camp used the activity to practice the kinds of math games and calculations 

pertinent to their own academic formation and as an unintended consequence began thinking 

about other numeric semiotic codes present in their own cultural context (such as the Dewey 

decimal system and bar codes).  In the case of the undergraduate history students at the 

University of Minnesota, it might have been the first time they worked together to solve group 

math problems, which heightened their awareness of the ways in which math shapes societies 

and can be a shared experience that influences history and its outcomes.   

Because this activity challenged the lingual norms of the classroom by introducing new codes 

and rules of operation, the in- and out-groups of the classrooms shifted, allowing for a greater 

inclusion of diverse students.  The instructor of the 4th grade classroom, Miguel Ángel Díaz, was 

astonished to find students, ones who never normally contributed to math class and were 

otherwise considered poor math students, participating in this quipu activity; when presented 

with images of the Inca abacus one of these seemingly unengaged students was able to identify 
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that the abacus structure (of 1, 2, 3, and 5 token spaces) was related to Fibonacci’s sequence in 

which each term is the summation of the previous two terms (see Fig. 4).  On the other hand, a 

few of the students with the highest grades in their normal math class could not figure out how to 

tie numbers onto the cords and became part of the new out-group unable to make quipus. In 

general, this hands-on, tangible encounter with diverse math coding practices led to the inclusion 

of a new set of students, and when paired with current task design in the math classroom could 

lead to a greater diversity of student participation, group dynamic, and evaluation. 

 

Figure 4: Introducing students to Guaman Poma de Ayala’s drawing of the Inca abacus. 

 
While ethnomathematics has addressed selected issues related to a universally-applied Western 

mathematics curriculum, or conversely, the benefits of developing local curricula that address 

local needs and objectives, this reflection presents a unique proposal, informed by math and 

language pedagogy, to design multilingual mathematics tasks that are more inclusive and 



 
Journal of Mathematics and Culture 
December 2016 10(3) 
ISSN-1558-5336 

165 

applicable to numerous cultural and lingual communities than are dominant approaches. I’m not 

advocating for a universal call to teach quipus in all settings, but rather to consider mathematics 

tasks and mediums that might be more accessible to underrepresented cultural groups in a 

multicultural classroom or that connect to diverse speech communities in a less unilateral way 

than a language-specific textbook. Ethnomathematics has broadened the definition of 

mathematics to include a diverse range of human activity, and mathematics pedagogy, task 

design, and evaluation should be diversified in a similar way.  Math and language are both 

semiotic systems used to cognize and transform reality and as such should be at the forefront of 

our own systems used to introduce students to that reality all around us.   
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