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Subject Areas:  

Mathematics – 

1. Civil Engineering (construction of calendars with emphasis on historical developments of time measurement),  

2. Geometry/Trigonometry (spatial organization, volume, angles, radians, degrees),

3. Time measurement (numeration, positive and negative integers/time zones),  

4. Statistics-exponential functions (population growth), amount of food and water available at various times in history therefore carrying capacity (linear functions).

Science -  

1. Calendars and the available materials used and how they were organized.  

2. The physics of force vectors in linear and circular directions, inclined plane forces.

History/Anthropology -  

1. Comparative cultures and their technological developments, particularly as they relate to time measurement.  Did the ancient cultures of the Southwestern United States evolve into today’s New Mexican and Arizona Pueblo cultures?  

2. Issues surrounding the split of the Dine’ (Day People) from the Dene (Night People) up in Canada could be explored.

Geography -  The rise of various civilizations around North and Central America would be a perfect vehicle for studying where civilizations were located both historically and today.

English/Language Arts - Students will conduct Internet searches or library topics research as technology allows.  There would be frequent opportunities to perform written, research, oral presentation, group communication, public speaking as well as such English grammar issues like; spelling, grammar, sentence structure and punctuation.  There would be an ideal opportunity to introduce students to traditional stories as ways people adapted to their surroundings historically and then either re-write them or create new explanations appropriate for today’s students.

Art/Visual -Students would develop poster models involving various materials.  Some calendars involve extensive artistic ability such as the Aztec calendar while others might just involve a scale drawing (Hopi mesas).

Musical - Students would add music to their projects as appropriate but might choose to use either traditional Native American or western music.  For instance an instructor might choose to include historical music such as Handel’s Four Seasons,  or it might be George Winston’s Seasons.  Some music might not be appropriated to record if it involves certain seasonal religious activities such as Navajo winter songs that are only done during the winter.

Religion/Spirituality - Belief systems and how they proselytize, interpersonal intelligence from Howard Gardner, medicine people and community resource people would be a perfect extension here.
Kindergarten-3rd:  

1. Students at this level would focus on very simple manual tasks such as constructing a simple time measurement device like a sundial.  The focus would be on getting students to observe sun shadows at either the same time every day or in the same location throughout the same day.

2. Students would also be read to and in later grades might read themselves about traditional stories and how they explain some of these cycles.  Emphasis would be placed on how stories teach us to be better people or citizens.  The stories would be age appropriate and might include fairly short and simple stories.  A good story for 3rd graders might me Annie and the Old One  because it discusses cycles of changes that occur throughout life.  Short stories from Bruchac’s Keepers of the Earth/Fire and Animals might be appropriate here.  There are also numerous biographies of Native American people, some of whom would discuss cycles and traditional seasonal activities in the MASTERS project publication.

4th-6th:  

1.
At this level there would be more emphasis placed on beginning research skills and development of Geometry and visual/spatial reasoning.  Reading skills would be developed with specific applications to critical reading and recognizing where to find information .

2.
This would be a very good time to introduce students to comparative historical calendars such as the Julian and Gregorian calendars with Aztec and Cohokia Earthmounds for instance.  A timeline of events and cultures at either the same time in history but also at different times in history would make an outstanding extension activity.  Emphasis would be placed on researching, writing, drawing or diagramming.

3. Numerous math activities related to the different calendars would be fun to apply here including one specific one from Jack Frolichstein’s book:  Mathematical Fun, Games and Puzzles.  This allows students to determine on what day of the week a particular event occurred in history on both the Julian and Gregorian calendars.  

4. If students had access to Hyperstudio™, this would be a very good time to have them develop a calendar with school events and famous occurrences in history on that date.  This would be best to be done as a coloring book or songbook or something that was copied into a hard copy that student could concretely do and take with them.

7th-9th:  

1. At this level it would be prudent to have students construct their first models with some emphasis being placed on scale drawings and basic principles of Geometry and Trigonometry.  

2. It would also be a good time to develop students’ Internet skills.  The students need to know that the internet has rapidly become and best place to go for accurate specialists at various museums and locations throughout the world particularly those places with astronomical calendars.

3. This would be a good time to set up a simple web page with simple hotlinks built in under each of the calendar dates. This would dramatically enhance students research skills as well as improving appreciation for social studies and current events.  These links would be text based and might include a few links to other sites on the World Wide Web.

10th-12th:  

1. Emphasis at the last two levels would be on developing original new material.  With the upper secondary students it would be more interesting to have them revisit the traditional stories but this time look into updating them or making them more applicable to modern age.  Students should know that the traditional stories about creation, morality and good decision making are all in response to needs of explaining the natural world around them.  A modern rendition would not be inconsistent with this original approach.

2. Students would need to look at currently published materials and discuss how they apply to time measurement.  They would also go out into their communities and begin documenting footage with assorted elders and tribal leaders.  Students would take a ‘Foxfire’ type of approach to their projects and would conclude by building either a scale or an actual hogan (if they were Navajo students for instance) that applied the information that students gathered.  There would have to be some development of a web site to store and preserve the developed projects and appropriate computer programs would be required.

3. One might also emphasize a community calendar at this point.  That would include all aspects of the school and community and would require regular maintenance and upkeep.  The calendar should be examined by as many members of the community as possible, but the high school students would try to do as much of the trouble shooting as possible.

13th-14th:  This level might turn out to be most problematic.  It is exactly the time when you’d expect students to have the most liberty to create new curriculum material and actively participate in their learning.  Instead it is often at the post secondary level that articulation of courses becomes the primary concern and both instructors and students have to negotiate within these constraints.  For instance there are often required texts, course descriptions, agreed upon assessment and semester length time constraints that have to be addressed to ensure articulation.  However, it is also the case that at this level the instructors and students usually have the most access to advanced technology and the least constraints on their resources and time.

1. The major activity at this level would include the gathering of numerous projects and materials that have been developed historically under an assortment of grants and to critically decide what would or would not apply.  This would be a good time for students to develop their own personal web pages and link them to projects they are doing.  This would help them get admitted to colleges and universities when they decided to transfer.  Additionally it would be useful for students to learn how to identify what funding sources might help them with financial support and which ones don’t.  By simultaneously developing grant research, grant writing and grant procurement skills; students would have very valuable future skills for either graduate school or life situations.

2. The other role I see here is that students at this point would form tech teams that would be responsible for writing, training, programming and grant writing to cover upgrading costs.  This would include aggressively seeking out companies to invest on the Navajo reservation that would invest in the community infrastructure and not just take money away to make stock holders rich every place else in the world.  These tech teams could travel with tools and equipment in a portable van and rush out to school sites to troubleshoot.

Goals:  

· Develop student appreciation for time measurement by developing the achievements of their ancestors using available materials.  As a subgoal to this, students should realize why there are traditional stories and how the stories explain seasonal activities and teach moral behavior.

· Get students to recognize why traditional ceremonies follow certain life cycles such as planting, growing and harvesting and how having accurate time measurement determines when these cycles should begin or end.

· Recognize how time measurement applies the numerous branches of mathematics such as Geometry/Trigonometry and how they are inter-related to each other.

· Improve critical reading skills to prepare students for future internet use where they are required to take huge amounts of information and siphon it down to the material they need.

· Apply statistical reasoning and thinking to an assortment  of measurement activities as well as graphing the results in an assortment of graphical representations.

· to develop a cross-age, across discipline approach to a particular theme that could serve as a model for numerous other themes.

Objectives:

1. Introduce students to the assorted ways that Native American cultures in North and Central America have measured time.

2. Recognize how scale models of an actual structure apply numerous topics of mathematics such as proportion, ratio and percent.

3. Practice reading skills in an assortment of situations: individually and in group settings; in books, papers, on computer screens and in magazines.

Estimated Time Requirement:  An instructor could develop this unit from one week up to a semester or it could be developed over a period of years.  With the early grades the activities might be shortened to maintain interest and it might be appropriate to continue the theme throughout the year.  Current school structures would not be amenable to doing much group or team planning unless the school administrators gave their total support to such a project.

Materials:  The critical element here would be to keep materials as cost effective and cheap as possible.  Few schools would have the financial wherewithal to implement a program across disciplines or across grade levels unless they could afford it.  The computer software programs and related technology requirements alone could be staggering to small district’s budgets.

Community Resources:

There would be two levels of appropriate community resources to apply to this unit:

I.  Community Resource People- When discussing current applications of calendars to yearly cycles in most Pueblo communities, it might be difficult to get people to discuss what they know.  However if Navajos just focused on Navajo astronomy and how it is applied to hogan design; instructors and students might have a lot more success.  Similarly Hopi students could discuss time measurement with their elders and Zuni with theirs.


Another distinct possibility would be to have students construct a hogan with community members for their school to use.  In that case there would be a distinct and definite reason for students to learn how the basic structure could be used as a calendar as well.  This would also be an appropriate time to have students learn about traditional stories and seasonal activities.

II.  Museums and Monuments- In the area around the Navajo Nation there are several very useful resource sites.  Several well known sites probably wouldn’t give students and teachers access such as the SundDagger in Chaco Canyon.  However there might be some chance of getting appropriate information from Park Rangers and previously published films and materials.  In the Utah Four Corners there would be Hovenweep and Petrified Forest also has an ancient site that has a calendar.  Most of these sites are within a day trip of most communities on the Navajo reservation.

Technology Integration:  Stage I- low technology integration:  for schools with limited technology resources I would suggest using available technologies.  This would include having students research what ever materials were available, write a short report that highlights major information and the design of a model that demonstrates how the calendar worked.

Research:  Students would go to the library and locate whatever material was available from published material such as Ray Williamson’s book:  Living the Sky --The Cosmos of the American Indian, or National Geographic  articles about the Medicine Wheels in Montana and Wyoming.  This would be an appropriate time to ensure students  know how to properly make research citations and not just plagiarize material from a text.  Also it would be a good time to discuss authenticity of published material.  For instance a good source for traditional Navajo information on calendars would be Wilson Aronilth’s booklet Foundation of Navajo Culture  which he uses to teach his Dine Educational Philosophy classes at Dine College.  He is an acknowledged leader of the Tachini clan although not all clan members agree that the college should be teaching traditional Navajo religion especially to non-Navajos.  The key issue is authenticity from a Navajo leader not any published material from an unauthenticated source.  This would only apply to Navajo and have no bearing whatsoever on a Pueblo or Hopi calendar activity.

Written and Oral Report:  Students would be required to prepare a written summary of how the time measurement worked as well as explained to the class in an oral presentation.  Students should be required to follow precise rules of written grammar and report writing to the greatest extent possible.  Good oral presentation skills should be encouraged including speaking clearly, slowly and succinctly.  The instructor would probably choose to make these presentation grades part of the final outcome grade.

The obvious advantage of this approach is that students would see the direct application of what they were doing and would try harder to learn better.  In other words they wouldn’t be diagramming parts of a sentence in an English class just because the teacher said it might be important to learn for when they get to college.  Instead the student would be learning procedures that would help them succeed in life.

Model:  Students would develop an actual working scale model of their calendar using actual rocks in a cardboard box, posters, clay, toothpicks or popsicle sticks etc.  The approach would be similar to the science fair approach where groups would make a display area and have a written and oral component to their presentations.

Stage II-  High Technology Integration:  This unit would include extensive use of quick time video and Macromind Director™ animation program.  The students could choose an easier program such as Hyperstudio™ or Hyperstacks™ if the instructor wanted more consistency.

Internet research:  The most fruitful research activity would be to have students conduct an Internet search with two general approaches in mind.  They would be gathering information for a project report as well as identifying hot links to sites they would want to hot link to.  These hot links help students identify places where they can locate information in the future.  This would reinforce reading in the content areas (across content areas) in a way better than practically any classroom instruction could ever do.  It would make it clear to students that they would have to learn how to scan over a lot of potential information and siphon it down to less information they really needed.

It is likely that students would find, develop or possibly do original generation of statistical information.  This has become the most critical skill that students can learn in mathematics today.  Important policy decisions have to be based on statistical data and not on random feelings.  A lot of colleges and universities in many states of the United States have introduced statistical based courses as alternatives to College Algebra to get around a society that openly proclaims its ignorance of mathematics.  Even the Algebra classes not have a large component of modeling various algebraic concepts using statistical data that you fit to an appropriate model.

Written and oral report:  Groups would need to present their final products to the class.  By using a computer based model (if technology is available), students practice for real life situations where they might need to address a board of directors, a classroom full of students, or a convention full of prospective buyers of their software.  The particulars of this project would be temporarily important but the long term benefits would hopefully be even more significant.

Virtual model:  students would have a virtual project with hotlinks to the museums and various resources that they located in their web searches.  Their projects would hopefully include music/sound components combined with visual pictures (either animated or scanned in) and text based upon what students were able to find.  Hopefully students would think about making a more exciting presentation than standing up and learning for an hour.

Description of Activity:  The calendar activity would begin at pretty much any grade level and continue to be applied at older grade levels.  For particular activities applied to particular levels see the description above.  In general a school would probably want to coordinate across grade levels, do joint lesson planning and plan related school events to correspond with seasonal activities.

Assessment:  

Outcomes Based

2. The best way to grade these projects is with both a group and an individual grade for the research, written, oral and model components of the project.  I think it is important to include separate grades for each part of the project because each has its own requirements and skills to be mastered.   One overall grade could be given but in within that would be a series of grades reflecting completion of each stage.

3. Daily grades or task specific grades could be given on an in-class basis so that students received immediate feedback.  They would be given as short components of the project were successfully or unsuccessfully completed.

4. Students could develop journals and portfolios of their work for submission to outside places much the same way an artist or musician does when they apply to a school or conservatory.

