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The Pueblo Farming Project

Lesson Four: Ancient Technologies
How a Digging Stick Feeds a Family

Format: One approximately 45 minute session

Grades: 6,7, 8

This lesson can be taught to each middle school grade with increasing complexity and detail.
In a unit on Pueblo Agriculture, this lesson should be taught after the “Lesson One: People of
Corn” and “Lesson Two: Farming Through Drought” lesson plans.

Season: Late Spring (soil must be thawed), Summer, Fall

Objectives
e Understand how Hopi culture divides and organizes the labor and responsibility of
growing a successful corn crop.
e Explore the mathematics of nutrition and diet: how much corn and how many corn plants
are required to feed a family for one year.
e Explore the mathematics of corn productivity: how much garden space is required to
feed a family for one year.

Key Terms
e Calorie intake

e Consumption
e Grams

Materials
O Journal/notebook and pencil for each student
O White board and markers
QO Calculators (one for every two students)
Q 1 printed copy for each student pair: Diagram 2: “An American Football Field Compared
to a Household Field” (attached)

Before You Begin
Q Create 4 pre-measured bags of corn (100 gram bags)

1 Set up a whiteboard and arrange seating so that students sit in pairs and can easily see
the whiteboard for the calculations work.

Opening Circle: Questions and Discussion

Survey students’ understanding and/or opinions by verbally sharing the questions or text in
italics. Briefly gather input from the students, while steering the discussion toward the
answers listed below the question.

Families feed themselves in many different ways. In your family, who is responsible for
calculating the available money and the groceries needed?
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Now imagine, instead, your family calculated how many corn plants and how much land was

needed.

Read the following aloud:

Traditionally, in the Hopi culture, the women are responsible for calculating and
keeping track of each year’s planting needs, in order to have enough food for the
community in the coming year. They are responsible for drying and storing seeds
from the previous year, ensuring that there is enough corn for both food and
ceremony. These are skills and knowledge that the women pass on to their
daughters, nieces and grandchildren. Based on the women’s calculations, the
men identify and prepare corn field locations, request and receive the correct
amount of seed from the women and are responsible for planting the seeds.

(Wall and Masayesva 2004)

During this lesson, we will answer these questions (write on whiteboard):
> How much corn would you need to feed yourself and your family for one year?
> How much field space would be needed to plant this amount of corn?

Procedure:

1) In order to answer these questions, the class will be working through a math narrative as
a group. The calculations will be used to estimate:

a)
b)

the amount of calories (gained from corn) one traditional Hopi family would eat
in one year.
the number of corn plants a Hopi family would need for food and for ceremonies

in one year.
c) the amount of field space needed to plant this number of corn plants.

2) To provide context for the math narrative, read the this description, and the following

question, to the group:
A traditional Hopi farmer married to a Hopi woman does not plant for himself but
for his wife's family. Each year before planting begins his wife advises him on the
quantities and types of corn needed to provide for the food and ceremonial needs
of her family and perhaps others as well. The man in turn tells his wife how many
gunnysacks of each type of corn seed that he will need to plant his fields, and she
prepares them....(she) must have a clear sense of these varied needs and how
best to satisfy them in the coming harvest. Her understanding of the different
needs for corn requires intimate knowledge of Hopi culture and religious and
ceremonial practice. A woman who can determine the quantities and types of
corn needed for the coming year holds a bounty of general knowledge of the Hopi
way.

(Wall and Masayesva 2004:443)

The Hopi people of today grow corn, squash, beans and melons, providing themselves with one
third of their diet. Their ancestors grew the same crops, but gained as much as 75% of their diet
from corn. All of the corn seed was traditionally planted using the so’ya digging stick (review
“Diagram 1: A Planting Hole in a Hopi Maize Field".)
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If your diet was 75% corn, how much corn would you need to plant, and grow successfully, in
order to feed yourself and your family for one year?

3. Working as a group to determine the answer to this question, students should be
organized into pairs to share a calculator but each using their own journal to record the
calculations developed on the whiteboard.

4. Using the whiteboard space efficiently, use the “Calculations Group Equation Sequence”
page:

a. Pose all text and questions, written in italics, verbally to the group.

b. Write the bolded questions on the whiteboard.

c. Write the equations that correspond to the question on the board,in a tidy
column.

d. After each question, allow students a short time (10-20 seconds) to try doing the
equations on their calculators, then write the correct answer on the board before
moving onto the next question.

e. Be sure to write out the equations exactly as they appear on the “Calculations
Group Equation Sequence” page, with their associated units of measure, so that
students do not lose sight of the question or the meaning of the answers.

Closing Circle

Conclusions from the Math Narrative:

A. How much corn would you need to feed a family for one year?
902,720 grams, or 11,284 ears

B. How many clumps of corn would that take?
1,128 clumps

C. How much field space would need to be planted, using only a so’ya/digging stick, to grow
that number of clumps of corn?
4,512 square meters

Reflect and Refine

The Pueblo Farming Project
Lesson Four: Ancient Technologies Page 3 of 10



& (ROW (ANYON it
)/ ARCHAEOLOGICAL (ENTER

AUSS

PFP/MSTFP and Colorado State Education Standards

6th [ Intro to garden mapping and planning. Science 2.1,2.2,3.3
Ancestral Puebloan agricultural practices Math 1.1,1.2,2.1,2.2, 4.1
Hand and power tools Health 2.1,2.2
Applied systems thinking: renewable and nonrenewable | Phys Ed 1.2,3.1,3.2
resources Social Studies 1.1,1.2,2.2, 3.1

Reading/Writing/Communicating 1.1, 4.3

7th | Irrigation and water conservation Science 2.1
Sustainable water use practices and devices Math 1.1,1.2,2.2,4.1,4.2
Health 2.1, 3.1
Phys Ed 3.2

Social Studies 2.2
Reading/Writing/Communicating 1.2

8th | Soil ecology: interconnectedness of soil health and Science 2.1
human health Math 2.2, 4.2
Innovative irrigation practices Health
Hand and power tools Phys Ed
Deep understanding of water as a precious and limited | Social Studies 2.2
resource Reading/Writing/Communicating 1.2
Changing systems: climate and weather in the
Southwest

For further information in regards to the Colorado State Standards, please follow this link:

https://www.cde.state.co.us/apps/standards/
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The Pueblo Farming Project’ is a collaboration between the Crow Canyon
Archaeological Center,> the Hopi Tribe Cultural Preservation Office,®> and the
Montezuma School to Farm Project® to understand ancient maize (corn) agriculture in
the Mesa Verde region through documenting traditional ecological knowledge,
experimental farming, and genetic analysis. The development of this lesson plan was
funded by a History Colorado State Historical Fund® grant to Crow Canyon.

HISTORY(? / /

STATE HISTORICAL FUND

This lesson plan and its content are Copyright © 2017 Crow Canyon Archaeological Center,
except where otherwise noted. This work is licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 International License.®

" https://www.crowcanyon.org/pueblo-farming-project
2 https://www.crowcanyon.org/

3 https://www8.nau.edu/~hcpo-p/

4 https://www.montezumaschooltofarm.org

S https://www.historycolorado.org/state-historical-fund
6 https://creativecommons.org/licenses/by-nc-sa/4.0/
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Calculations Group Equation Sequence:
Pose all text and questions, written in italics, verbally to the group.
Write the bolded questions on the board.
Write the equations that correspond to the question on the board, in a tidy column.
Allow students (10—20 seconds) to try the equation on calculators; then write the correct answer
on the board.
Write out the equations exactly as they appear, with their associated units of measure.

YYVYY

A\

How much corn would you need to feed yourself and your family for one year?

To have a healthy body, a person needs to eat about 2000 calories (Cal) each day. If you came
from an ancestral Pueblo household, 75% of the food you ate every day came from corn. This
would mean that you get 75% of your calories from corn.

How many grams of corn would each person need to eat each day to fulfill 75% of their diet?
What is 75% of 2000 calories?

2000 Cal x 0.75 = 1500 Cal

1500 daily calories would come from corn, per person.

How many grams of dried whole kernels of corn would give you 1500 calories, if we know that
100 grams of dried whole kernel corn provides approximately 375 calories?

1500 Cal = 375 Cal =4
4 x 100 grams = 400 grams

This means you would need to eat 100 grams of corn four times each day to reach 1500
calories. 400 grams of corn need to be eaten by each person in the household everyday, for
them to gain 1500 calories. Show the students four 100 gram bags.

How many grams of corn kernels would be needed for food by a household every day?

A. Survey the students: How many people eat meals at your home on any given day?
Calculate the average number of people in a household, as represented by this student
group. The calculations below have used an average of 4 people per household.

B. How many grams of corn kernels are needed to feed a household of four people, per day?
Remember, these grams of food (made from corn) would come from plants you grow, on
dryland farms, not from food bought at the store.

And, it is only 75% of the food needed for the day; for example, we can think of 1600
grams as providing for breakfast and lunch not dinner.

Multiply the answer to Question A X 400 grams to find the number of grams of corn
kernels needed everyday by the household.
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4 persons X T etalms 1600 grams
1 person

1600 grams of corn kernels are needed by a household of four people every day.
How many grams of corn kernels are needed for food by this household every year?

C. Multiply the answer to Question B X 7 days in a week.

1600 grams " 7 days 11200 grams
1 day 1 week 1 week

11,200 grams of corn kernels are needed by a household of four people every week.
D. Multiply the answer to Question C X number of weeks in a year:

11200 grams _ 52 weeks 582400 grams
1 week 1 year 1 year

582,400 grams of corn kernels are needed by a household of four people every year.

E. In a Hopi household, an additional 5% more corn is needed for days of ceremony,
holidays and feasts. For example:, a wedding, a birth.
Muiltiply the answer to Question D X 5% or 0.05:

582400 grams < 0.05 — 29120 grams
1 year 1 year

29,120 grams of extra corn kernels are needed by a household of four people every year
for ceremonies, holidays and feasts.

F. In a Hopi household, an additional 50% more corn is grown in order to stock up on seed
for the future and to prepare for drought years.
Multiply the answer to Question D X 50% or 0.50:

582400 grams 0.5 — 291200 grams
1 year T 1 year

291,200 grams of extra corn kernels are needed by a household of four people every
year for seed stock.

G. Add the answers to Questions D + E + F to find the total number of grams of corn you
must grow each year to provide for the needs of a Hopi family of four people.
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582400 grams n 29120 grams N 291200 grams 902720 grams
1 year 1 year 1 year N 1 year

902,720 grams of corn kernels are needed by a household of four people every year.

How many ears of corn would provide this many grams of corn kernels?

H. 1.25 ears of corn has an average of 100 grams of whole kernels.
Multiply the answer to Question G X 1.25 ears per 100 grams:

902720 grams 1.25 ears 11284 ears
1 year 100 grams 1 year

11,284 ears of corn are needed by a household of four people every year.

How many corn plants would provide this many ears of corn?

I.  Each stalk of corn typically produces 2 ears.
Multiply the answer to Question H by 1 plant per 2 ears:

11284 ears " 1 plant 5642 plants
1 year 2 ears 1 year

5,642 corn plants are needed by a household of four people every year.

How many corn clumps would provide this many corn plants?

J. Hopi people grow corn plants in clumps of approximately 5 corn plants each.
Multiply the answer to Question | by 1 clump per 5 ears:

5642 plants 1 clump 1128 clumps

X =
1 year 5 plants 1 year
1,128 clumps are needed by a household of four people every year.

How much field space would a family need to plant to have enough corn?

K. Hopi people plant clumps approximately 2 meters (m) apart; each clump needs about 4 m?
of space. Multiply the answer to Question J by 4 m? and conclude by viewing “Diagram 2:
An American Football Field” and return to the Closing Circle section of this lesson plan.

1128 clumps 4 m? 4512 m?
1 year 1 clump 1 year
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Diagram 1. A Planting Hole in a Hopi Maize Field. From Cleveland and Soleri 1991: Figure 6.19.”
Copyright © 1991 by David Arthur Cleveland and Daniela Soleri. Reproduced with permission for

non-commercial purposes.

7 Cleveland, David Arthur and Daniela Soleri. 1991. Food from Dryland Gardens: An Ecological, Nutritional

and Social Approach to Small Scale Household Food Production. The Center for People, Food and

Environment, Tucson, Arizona.

The Pueblo Farming Project

Lesson Four: Ancient Technologies Page 9 of 10


http://www.nzdl.org/gsdlmod?e=d-00000-00---off-0fnl2%2e2--00-0----0-10-0---0---0direct-10---4-------0-1l--11-en-50---20-about---00-0-1-00-0--4----0-0-11-10-0utfZz-8-10&a=d&c=fnl2.2&cl=CL1.2&d=HASH0150ba4e9f73176fac50b5ae
http://www.nzdl.org/gsdlmod?e=d-00000-00---off-0fnl2%2e2--00-0----0-10-0---0---0direct-10---4-------0-1l--11-en-50---20-about---00-0-1-00-0--4----0-0-11-10-0utfZz-8-10&a=d&c=fnl2.2&cl=CL1.2&d=HASH0150ba4e9f73176fac50b5ae

2 ”{\
% (ROW (ANYON iy

) ARCHAEOLOGICAL (ENTER

AUSS

Diagram 2. An American football field compared to a household field. A 10x10 meter square is
included for reference. A household field is approximately the same size as an American
football field, excluding the endzones.
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