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Abstract

In 1519 Hernando Cortez led a Spanish army into what is now Mexico.  Two years later, he destroyed the Aztec central city Tenochtitlan and much of the official records of the kingdom.  Consequently, little is known about the mathematics performed in ancient Aztec culture.  However, their use of mathematics is nonetheless distinct, determined by the few remaining records that escaped destruction.  The number system they used was similar to that of the earlier Mayan civilization.  They kept detailed tax records and used different number systems for addition and for positional (tax) records.  They had a complex and accurate calendar system that had similarities to our own.  By surveying these various mathematical aspects of the Aztecs, the student can apply mathematics to learn more about a fascinating important Native American culture.

Objectives for the lesson


The student will learn certain Aztec terms associated with relevant calculations.  The student will calculate the area of irregular quadrilaterals and apply these calculations.  The student will be exposed to and calculate with an alternate number system.  The student will use LCM (least common multiple) or an alternate method to determine calendar cycles.  The student will infer in-depth from a given set of data.  

Professional Standards Addressed

NCTM- Grades 6-8:

Geometry:  *understand relationships among the angles, side lengths, perimeters, areas, and volumes of similar objects.

Number and Operations:  *use factors, multiples, prime factorization, and relatively prime numbers to solve problems.

Measurement:  *develop strategies for estimating the perimeters, areas, and volumes of irregular shapes.

Algebra:  *model and solve contextualized problems using various representations, such as graphs, tables, and equations.

North Carolina Standard Course of Study-  Grade 8:

Number and Operation (1.02):  Develop flexibility in solving problems by selecting strategies and using mental computation, estimation, calculators or computers, and paper and pencil.

Geometry (3.01):  Represent problem situations with geometric models.

Student prerequisite skill


The student must understand the concepts of area and least common multiple.  The student should have experience in linear measure.  The student must understand that quantities can be expressed in a form other than Arabic numerals.  The student should already have experience in determining the area of rectangles and triangles.  The student should be proficient in performing all the elementary arithmetic operations with whole numbers and decimal numbers.

Key words and definitions

quahuitl- the Aztec linear unit of measure (approximately 2.5 meters).

vigesimal- pertaining to 20.  Vigesimal number systems were base 20.

Aztec- the Native American culture that thrived in central and southern present day Mexico between about 1100 and 1520.  

tax- the periodic collection of assets by the state (or king) from the citizens (subjects) of a nation or kingdom.  

Lesson Outline

Give Background Information about Aztec History and Culture


Use whatever resources are on hand in the school library to provide the students with a brief and visual overview about Aztec Civilization.  It is important to include that when Cortez conquered Tenochtitlan in 1521, he destroyed many of the Aztecs' records.  This is why so little is known about Aztec mathematics.  Nonetheless, archeologists and historians have decoded the few records that survived and have determined parts of the mathematics that the Aztecs performed.  


Their math was similar to an earlier civilization in the region, the Mayans.  Both used vigesimal or base twenty systems.  Both used some common characters in their number systems.  


It is interesting to note that the Aztecs used two number systems- an additive system and a positional system (using different symbols than the additive system) applied in determining tax on land holdings.  The use of zero as a placeholder in Central America (in civilizations that came before the Aztecs) preceded the use of the Arabic zero in Europe by about 1000 years.  


Their calendars were simultaneously complex and accurate.  The famous Calendar Stone (picture is on p. 33 of Algebra Activities from Many Cultures) measures 4 meters across and was once painted with day signs.  It is a key artifact that has been used to decipher Aztec calendar cycles.


Additional relevant information is located on the Length, Area, and Volume module of the CD-rom Historical Modules for the Teaching and Learning of Mathematics (Victor Katz and Karen Dee Michalowicz, Editors) on p.25 in the section entitled "Lengths, Areas, and Volumes in Mexico."

Students may work in pairs for this lesson.

Aztec Quahuitl Activity


This activity is located on the LAV module of the Historical Modules CD, pp. 67-70.  The student pages provide much relevant information about the Codice de Santa Maria Asuncion.  This activity familiarizes students with the three parts of information in the codice (native book) and the positional number system used for tax records.  Students will:

1)  Find the area of the two farms from the data shown.

2)  Make a quahuitl rope and measure several prescribed indoor and outdoor (if possible) lengths.  Specifically what will vary by location.  This part requires some small gauge rope and a meter stick or tape measure for creating a quahuitl rope.  The instructor must decide what the students should measure, preferably measures of at least several quahuitls.   

Move on to the Extension Activities:

2)  Determine cocoa bean tax. 

3)  Use the Aztec additive base 20 system to represent numbers.  The symbols are in the "LAV in Mexico" section on the CD-rom or on p. 28 of Algebra Activities from Many Cultures by Beatrice Lumpkin.  Familiarize students with the symbols first.

4)   Discussion questions, first in pairs, then whole class.  These are on p. 68.  This asks the students to conjecture why the Aztecs did what they did with mathematics.

Aztec Area Measure
This section of the lesson is gathered from Geometry Activities from Many Cultures by Beatrice Lumpkin.  Pages 38-39 are entitled "Aztec Area Measure."  This is a reproducible section.


First, ask the students to read the introductory paragraphs.  Then pose the questions:

A)  Why do you think that the Aztec area measures were more accurate than the Spanish area measures?

B)  How might a changeable unit of measure, such as the Spanish caballeria, be used for political purposes?

 There are not simple answers to these questions, but hopefully these questions will incite responses that mesh politics, morality, and mathematics.  


I recommend that the students then work on farms 3 and 5 under the section entitled "A Project."  Here the students will:


*draw the farm plots on graph paper.


*divide them into rectangles and triangles and compute the area of the complex figure.


*compute the Aztec tax on the farm.


As an extension, the teacher may include Farm 4 and the "Question for Critical Thinking" which asks the student to conjecture why this plot cannot be depicted as a complex figure consisting of a rectangle and right triangles.

The Aztec Calendar Stone


This section is gathered from Algebra Activities from Many Cultures, p. 33-34.  First discuss briefly the calendars used by the Aztecs:


*the religious calendar:  260 days


*the solar calendar, similar to our own:  365 days


*the Venus calendar:  584 days


There is also a special Mayan calendar mentioned in this section.  It is 819 days in length.  


Students will use LCM or another method to answer all four problems on p. 34.  In the group discussion that follows, pose the additional question:  What do you think occurred when the calendar rounds occurred?


This entire lesson will probably take one or two whole 60 or 90-minute class periods, depending on the pace of instruction and the pace of student performance. 

Assessment Strategies


Students might be assessed in this exploratory type lesson by asking the following questions:


*Has the student completed all sections assigned?


*Has the student engaged in meaningful discussion at the appropriate times without straying off task?


*Has the student performed calculations correctly?


*Have the student's written responses conveyed understanding of the meaning behind the mathematical concepts the Aztecs employed?


If the student has performed each of these points satisfactorily, the student has performed the lesson in a successful fashion.  If there are parts the student has not performed satisfactorily, the teacher may bring this to the attention of the student upon evaluation.
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Appendix


Note to Dr. Greenwald:  I have not included the pages from the Historical Modules CD nor the pages from the Lumpkin activity books in this online submittal, as these are in your library.  I am unable to provide the Lumpkin activities in PDF form.  

Answer Keys:  The answers for the Historical Modules activities are on the teacher pages from that section.

Calendars of Central America:

1)  18,980 days, 52 years

2)  2920 days, 8 years

3)  37,960 days, 104 years

4)  2,391,480 days, 6552 years

Aztec Area Measure:

Farm 3:

Area:  approximately 262.5 quahuitl^2, tax:  13 cacao beans

Farm 5:

Area:  140 quahuitl^2, tax:  7 cacao beans

