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Abstract 

English: This article represents reflections on the motivations, consequences, pedagogical 
considerations, and possible future developments related to the article Mathematics of the Hñähñu: The 
Otomies, previously published in the JMC. 

Español: Este artículo representa reflexiones sobre las motivaciones, consecuencias, consideraciones  
pedagógicas, e indicaciones para posibilidades de investigaciones, conectadas con el artículo 
Mathematics of the Hñähñu: The Otomies, previamente publicado en la revista JMC.   

Hñähñu (Otomi):  

Hñähñu u Otomí: Nuna t’ukant’ofo uni ma mfeni dige’a ya ot’e ya jä’i, ra hanja ra nt’utuate ne ra mfädi, 
ñ’udi te dra t’ot’e pa dra thoni ya ra r’ayo mfädi, ri njuni nu’a thuts’i ko ra t’ukant’ofo ra thuhu ra 
munts’amfädi dig’ea ya b’ede, te ri boni ya ñ’udi, ne ya mfädi hingi nthuts’i dige’a ya Otomi, ge xa 
nthutsí pa dra unga mfädi ha ya nt’ofo ngu gi nuti JMC.   
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Motivations for the original study 

My motivations for writing the article Gilsdorf (2009) originated in 2001.  At that time I was on 

sabbatical leave in Mexico and there was to be an international conference on the history of science and 

mathematics.  Ubiratan D’Ambrosio was one of the scheduled speakers.  I wanted to submit something 

to present at that conference.  At first I thought about discussing the mathematics of the Maya, but some 

people I talked to told me that Mayan mathematics is a fairly common topic for such events and that it 

would be more interesting if I decided to pursue something that would be less familiar.  I began 

investigating some of the lesser-known indigenous groups of Mexico and decided to study the 

mathematics of the Otomies – which in their own language, are referred to as the Hñähñu.  See Wright 

(1997) for variations and explanations of the terms Hñähñu and Otomi.  I will generally use the term 

Otomi.  The research I did in order to prepare for the presentation eventually grew into what became the 
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article that appeared in the JMC.  It is worth pointing out that before the JMC article, I wrote an article 

for the journal Estudios de Culturas Otopames, Gilsdorf (2008).  That article differs from what I wrote 

for the JMC in that the journal Estudios de Culturas Otopames is an anthropological journal. 

In what follows I would like to describe some details of how I investigated the subject of Otomi 

mathematics.   

Obstacles and progress of the original study 
 
For starters, I found that virtually no one had studied the mathematics of the Otomi.  I found a couple of 

references to lists of number words that had been published, such as in Barriga Puente (1998), Merrifield 

(1968), and in Urbano and Acuña (1990), but no other studies beyond that.  Hence, the first obstacle I 

faced was to find the information through other means.  An important resource for me was, and 

continues to be, the Otopame Study Group at the National University of Mexico (UNAM), which 

consists mainly of anthropologists, but also historians and others, who are interested in the cultures of 

the Otomangue linguistic family in Mexico that contains the Otomi as one of its cultures. Specifically, 

the focus is on the Otopame linguistic subfamily, which includes the Otomi, Mazahua, Pame, 

Chichimeca-Jonaz, Matlatzinca, and Ocuilteco cultures.  Numerous discussions I had with various 

people from the Otopame Study Group led me to important resources such as Bartholomew  (2000), 

Carrasco (1950),  Galinier (1990), Lastra and Bartholomew (2001), Soustelle (1993[1937]), and later 

Albores (2006),  Castillo Escalona (2000), Hermann Lejarazu (2001), Lastra (2006),  and Wright (1997), 

among others.  These references represent the foundation of the research I did for writing the paper.  I 

was able to create an analysis of Otomi mathematics from the point of view of mathematics of Otomi 

numeration, some indications of the ritual use of number in Otomi culture, the Otomi calendar, the 

Aztec mathematical symbols that were also used by the Otomi, as well as general historical an 

anthropological considerations relevant to Otomi mathematics.   
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Another obstacle related to finding references is that there have been significantly fewer investigations 

into Otomi culture compared to the better-known cultures of the Aztecs (also referred to as the Mexicas) 

and Maya.  This seems unusual, considering that the Otomies are known to be one of the largest and 

oldest cultures of Mesoamerica, comparable in size to the Aztecs and Maya  (Lastra, 2006, p. 25), 

(Wright, 1997, p. 439 – 441).  One reason for the lower level of interest has to do with negative images 

that have been associated with the Otomies over time – see Wright (1997) and Wright (2005, p. 19).   

Another consideration is that, in general, the Otomies are not considered to have been builders of an 

empire, which distinguishes them from the two better-known cultures of the Aztecs and the Maya.  

There is a certain Western influence to this.  One finds in Wikipedia (2016), for example, under ‘Major 

Civilizations’ the statement  “Ancient Mexico can be said to have produced five major civilizations: the 

Olmec, Maya, Teotihuacan, Toltec, and Aztec. Unlike other indigenous Mexican societies, these 

civilizations (with the exception of the politically fragmented Maya) extended their political and cultural 

reach across Mexico and beyond.”  Meanwhile, on the History Channel’s website Mexico Timeline 

(n.d.), under the topic heading  “From Ancient Mesoamerica to the Toltecs”, the Maya are described in 

ways like (referring to the time period centered about 250 CE), “The Mayan civilization, centered in the 

Yucatán peninsula, becomes one of the most dominant of the area’s regional groups, reaching its peak 

around the sixth century A.D., during the Classic period of Mesoamerican history.”  The Aztecs are 

described with statements like, “The mighty Aztecs conquer their chief rivals in the city of Azcapotzalco 

and emerge as the dominant force in central Mexico.” and “In the great cities of the Aztec empire, 

magnificent temples and palaces and imposing stone statues decorating most street corners, plazas and 

landmarks …” The Otomies are not mentioned in either of these contexts, and the statements from 

Wikipedia and the History Channel insinuate a popular Western belief that the most successful cultures 

are those that create empires in order to conquer, dominate, and build impressive structures.   
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A third type of obstacle that I encountered is the blurring of Otomi and Aztec cultures.  As I indicated in 

the original paper, these two cultures have a long a complicated history of inhabiting the same general 

area of what is now central Mexico, and thus having a long history of cultural interaction.  In contexts 

such as numeration and calendars, there are connections and similarities between the Otomi and Aztec 

cultures, and it is not always easy to determine what information is originally Otomi as opposed to what 

information is originally Aztec.   

Some of the outcomes of publishing the JMC article  

The biggest outcome is that the content of Chapter Nine of Gilsdorf  (2012) is based almost entirely on 

the JMC article.  Between writing the JMC article and that chapter, I had a chance to polish up the 

content. 

One of the aspects of cultural mathematics is that of analyzing art and decoration, including symmetry 

patterns, such as is done in Ascher (1991), and I was interested in including this kind of analysis of 

Otomi art and decoration in my research.  In Soustelle (1993[1937], p. 84 - 95), there is a detailed 

discussion of how Otomi weavers create their products by counting threads and reversing orientations to 

create symmetry patterns.  Nevertheless, at one point one of the persons of the Otopame group informed 

me that there are traditional weavers of Otomi culture in the state of Querétaro in Central Mexico and 

that I might be able to interview some of them.  This information allowed me to visit San Miguel 

Tolimán in the state of Querétaro, and interview two traditional Otomi weavers.  The interviews turned 

out to be extremely useful because I was able to ask the weavers how they constructed their products, 

how they formed symmetric patterns, and about managing large thread counts.  The information they 

gave me directly confirmed what I had read in resources such as Soustelle (1993[1937]).   Looking back 

on that original work, I consider the interviews to have been a crucial part of putting together a quality 
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research product.  This is another outcome of writing the article, and it has motivated me to try to 

include more of an ethnographic aspect to my research in cultural mathematics, such as I have done in 

Gilsdorf (2011).   

There were other outcomes that came out of writing the article, mainly from a pedagogical point of 

view, which I discuss next.   

Pedagogical considerations   

The JMC article had a substantial influence on my perceptions of how to teach mathematics, in 

particular, cultural mathematics.   

One aspect of this influence relates to how students perceive learning about cultures that they have never 

heard of.  When I have taught courses in cultural mathematics, in the part in which I teach about Otomi 

mathematics, it usually turns out that few students have heard of the Otomi culture.  I have found, on 

one hand, that students’ minds are open to learn about a culture that is new to them.  On the other hand, 

there is a tendency for some students to think that if a culture did not follow a path of developing 

mathematics similar to Western mathematics, then the mathematics of that culture does not offer 

interesting information to understanding mathematics.  As we go through the different mathematical 

considerations of Otomi culture, the students can see for themselves how people from distinct cultures 

understand, interpret, and express mathematics in distinct ways.  For example, students learn that the 

Otomies use a numeration system that is a combination of bases 5, 10, and 20 (a so-called 5-10-20 

Mesoamerican system), which of course, is very different than the decimal system.  Experiences like 

this, of going through Otomi mathematics in the classroom, motivated me to reflect on how to orient 

students toward an adequate perspective of culture and mathematics for learning ethnomathematics and 

related topics.  Such reflections led to the main ideas of Chapter One of Gilsdorf (2012), which includes 

a careful description of cultural tendencies, interpretations of mathematics, and so on.   
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A second pedagogical consideration related to the work I did for the JMC article has to do with having 

students discover concepts and ideas on their own, rather than me dictating such information to them.i  I 

employ this teaching mentality in every course I teach.  Thus for instance, when the time comes to study 

the topic of calendars, I ask the students questions like, “Is it necessary for a culture to calculate Leap 

Year in order for the calendar of that culture to be useful?”  Later, while studying Otomi mathematics, 

we encounter a statement from the Huichapan Codex (Lastra and Bartholomew, 2001) in which a local 

Spaniard had described how he thought the Otomies had calculated Leap Year by adding six hours to 

each yearly calendar, so that after four years, a total of twenty-four hours would have been added to the 

calendar.  This description leads me to ask the students a number of questions that prompt them to think 

about mathematics and culture, such as, “How would the Otomies divide a day into smaller units such as 

hours?” (e.g., by observing shadows of fixed objects), and “How likely is it that Otomies would divide 

their days into twenty-four units just like in Western culture, especially considering that the Otomies 

count using a 5-10-20 system?”  In the end, students learn that the Otomies did not include a specific 

calculation of Leap Year in their calendar, yet adjusted their calendar so as to make it useful for 

agricultural cycles.  I find these kinds of questions to be particularly useful in enlightening students as to 

how mathematics and culture interact. 

Related developments since then 

My interest in Otomi mathematics and related topics has progressed since the writing of the article.  I 

have continued to consider topics connected to Otomi mathematics.  One such topic is that of the 

connection between gender and cultural mathematics.  In particular, in the area of textile art there are 

strong connections between the anthropological concept of genderii and the skills of women in activities 

such as weaving and embroidery.  One finds that in Otomi and Mazahuaiii cultures, there is an 
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importance placed on the skills of women as textile artists that indirectly shows a cultural evidence and 

support for the abilities of women to apply mathematical concepts to their processes of creating textile 

products.  This cultural importance of the weaving and embroidering skills of women in the Otomi, 

Mazahua, and other cultures, differs from cultural perceptions of mathematical skills of women in 

Western mathematics. See Berlo (1996), Brumfiel (1996), Gilsdorf (2014, 2015), Hendon (2006), 

Romaní (2005), Vizcarra and Guadarrama (2006), for more details.   

I would like to describe an example that illustrates my use of the phrase “the indirect cultural evidence 

of mathematical abilities”.  Consider the photo below of an embroidered cloth done by a Mazahua 

woman. 

 

Figure 1.  An embroidered cloth, Mazahua culture.  Photograph © 2009, Thomas E. Gilsdorf. 

It is clear from the embroidery pattern that the artist who made this cloth understands the concepts of 

vertical and horizontal (and perhaps also 180º rotational) symmetry, as verified for example, in Soustelle 

(1993[1937]).  However, when I asked the artist how she created the patterns on the cloth, she responded 

by stating, “No sé, nada más arreglo los pétalos para que se ven correctos.” which translates to, “I don’t 

know, I just arrange the petals so they look correct.”  The artist’s response indicates an important 

example of how people from distinct cultures can have a solid understanding of a mathematical concept, 
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even though they do not express that understanding in terms equivalent to Western mathematical 

definitions and terminology.  Indeed, according to Ascher (2002, p. 3), “Most cultures do not set 

mathematics apart as a distinct, explicit category.”  This tells us that a person such as the woman of 

Mazahua culture who made the above embroidered cloth is not likely to view her work as mathematics, 

rather, as a cultural product that, from the point of view of ethnomathematics, includes the utilization of 

mathematical skills.   

A second development that resulted from the writing of the article occurred when I was re-reading the 

reference Instituto Lingüístico del Verano (1979), regarding Otomi numeration.  On page 74 of that 

reference, referring to Otomi constructions of large numbers, appears the statement, “Aunque es posible 

lograr cifras bastante elevadas por este sistema, la yuxtaposición se alarga tanto que es más fácil usar los 

números de español.”, which translates to, “Although it is possible to obtain higher level expressions 

using this system, the juxtaposition gets so long that it is easier to [just] use Spanish numbers.”  I am not 

sure how I had missed it earlier, but when I saw it again, it was clear that this is an ethnocentric 

statement.  It motivated me to determine how higher values are expressed in the Otomi number system.  

For example, one million is expressed as:  ?na mahuᶏhi de ga mahuᶏhi  (“a thousand thousands”).  I 

later included this construction in my discussion of Otomi mathematics in Chapter Nine of Gilsdorf 

(2012, p. 184).  After this observation, I looked through some of the references of lists of number 

expressions in resources such as Barriga Puente (1998), which includes lists of number expressions for 

most major cultures in the Western hemisphereiv.   I noticed that many such lists include examples of 

number expressions up to a point where patterns would likely repeat, with few examples of larger 

values.  The assumption is that constructions of number expressions will indeed repeat, depending on 

the counting base or bases in use.  However, keeping those lists relatively short gives a false impression 

that the corresponding cultures were unable to use or understand large number values.  The effect that 
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had on my viewpoint of number systems is that when I now discuss that topic, I remind listeners that the 

lists of number expressions are not meant to be exhaustive and that no assumption should be made that 

people in the corresponding culture were unable to comprehend large number values. 

Possibilities for further research 

A) Studies of other cultures; the use of ethnographic methods.  As I mentioned at the beginning, when I 

first began investigating Otomi mathematics I found that their mathematics had not previously been 

studied.  This is the case for many cultures around the world.  Hence, one possibility for further research 

is to conduct investigations into the mathematics of cultures whose mathematics has not been carefully 

studied.  There are plenty of cultures for which this possible.  A particular path that could be 

incorporated into such research is the inclusion of ethnographic techniques typically associated with 

anthropologists.  One finds for example in Byram and Feng (2004, p. 155) a description of how 

ethnographic methods have proven to be quite useful in the area of second language acquisition.  I 

believe such methods could also be useful for learning about the mathematics of other cultures.  

B) Pedagogy and mathematics education.  One consequence of considering pedagogical aspects of 

Otomi mathematics is that I have found a number of ways that the inclusion of cultural aspects of 

mathematics enriches the experiences of students with regard to understanding and appreciation of 

mathematics, as I indicated in section 4.  Thus, a second possibility for further research is to investigate 

more ways that cultural mathematics/ethnomathematics can be included in mathematics classrooms.  

People who study ethnomathematics are aware of this, and studies are currently being done.  

Nevertheless, I believe it bears repeating that cultural mathematics should be an important part of 

general mathematics education.  

C) Otopame mathematics.  With respect to specific areas of investigation connected with Otomi 

mathematics, there are several possibilities.  Specifically, of the cultures of the Otopame linguistic 
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group, the only culture whose mathematics has been studied is that of the Otomies.  Hence, one could 

investigate the mathematics of the Mazahua, Pame, Chichimeca-Jonaz, Matlatzinca, and Ocuilteco 

cultures.   
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i This kind of activity goes by names such as Inquiry Based Learning and Self Discovery, but I am not 
sure that what I promote in class fits exactly with how these terms are defined.   
ii The concept of gender has to do with cultural interpretations and expectations of activities that are 
typical of women and men.  It is not simply observations of the biological differences between female 
and male humans.   
iii The Mazahua culture is part of the Otopame linguistic family.  The Mazahua and Otomi cultures are 
distinct. 
iv Barriga Puente’s lists of number expressions are mostly taken from references by anthropologists, 
missionaries, historians, and so on, who describe numeration systems with a wide variety of detail and 
information. 


