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Iind D66 Ohoo’ Aah Bindii’ A’
Overall Diné Education Philosophy

From the Diné Culture and Language Curriculum Framework
Office of Diné Culture, Language, and Community Services

Ni‘hokaa’ Diyin Dine’é niidl{. Nahasdzaan nihima doo Yadithit
nihitaa’ bita’gi nanihi‘deelya. Dzit éi tsodizin dd6 sin, nitsahakees,
nahat’a, iina déo siihasin bit hadit’éego nihighan ha’a’aahjigo
ch’é’étiingo niha’alyaa 4addéo Diyin Dine’é saad niheiinila. Dii bee
nihidziil d66 chanah niidlj.

Tsodizin doo sin, doo6 nitsdhakees, d6dé nahat’a, doo iind, déod
siihasin, két'éego bit nanihi‘deelya éi bik’ehgo éhoo’aah ddo
éé’deetjjh biniyé niha niilya. TY¥o6odéé’ dhoo’aah déd éé’deetjjh
ya’'adaat’éhigii éi bit athii’sildago koddd nadasgdd niha’atchini bee
naniitin dooleet. Bits’iis d66 binitsékees hadadit’éego yee iina
iidooliit.

Dii bee nihitsiji’ h6zhdo dooleet, nihikéédéé’ hdzhdo dooleet,
nihiyaagi h6zh¢o dooleet, nihik’igi hozh$g dooleet, nihinaa t'aa attso
hozhoo dooleet, iinda bee nizaa hadahddzhQod dooleet. Dii bee
Si‘ah Naaghai Bik’eh H6zhéd6n niidljjgo naasjj’ két'éego bee yiikah
dooleet.

http://astrobiology.nasa.gov/nai/Moon



Iind D66 Ohoo’ Aah Bindii’ A’
Overall Diné Education Philosophy

From the Diné Culture and Language Curriculum Framework
Office of Diné Culture, Language, and Community Services

We are the Holy People of the Earth. We are created and placed between our
Mother Earth and Father Sky. Our home, the Four Sacred Mountains, with the
entrance to the East, embodies our Way of Life. It provides strength and peace
within us.

Spirituality, intellect, planning, and life have been instilled within us; through
these attributes we attain knowledge and wisdom. We shall combine the best
learning and knowledge of other societies with that of our own for the benefit of
our future.

With that, our children will walk with beauty before them, beauty behind them,
beauty beneath them, beauty above them, beauty around them, and will always
be respectful and live in harmony with natural law. Our children will go forth in
life endowed with what is required to achieve their ultimate aspirations.

THéhonaa'éi Nihema - Navajo Moon



NASA and the Navajo Nation Project

In 2004, ArtReach International conducted a NASA Explorer Institute “focus
group.” In the meeting, members of the Navajo Nation education community
discussed needs and desires in partnering with NASA on educational initiatives.
Specifically, bringing together NASA science and Navajo cultural knowledge
was identified as a priority.

The 2006 SQ’ Baa Hane’—Story of the Stars educator guide and film were the
first manifestation of this priority, and marked the initiation of a collaboration
between the Navajo Nation Department of Diné Education Office of Culture,
Language, and Community Services and NASA. In those materials, NASA
astrobiology science and Navajo cultural teachings relating to the stars are
brought together to create a “dual-learning” environment wherein the cultural
and scientific concepts are explored together, as equals.

We are proud to continue the collaboration with the presentation of these new

materials, TYéhonaa’'éi Nihema—Navajo Moon, which are firmly grounded in
the same philosophy.

This product is for non-commercial, educational use only.

ArtReach-International, LLC

http://astrobiology.nasa.gov/nai/Moon



Table of Contents

Overall Diné Education PhilOSOPRY ..........oooeuiiiii e e e ee e e e e eees 2
NASA and the Navajo Nation Project Description................cooiiriiiiiiii e, 4

How to Use the Activities in this Educator Guide

Recommended Sequence Of LESSONS.......cccuuuiiiiiiiiicc e e e e e 6
8 €= Lo =T e S A 1o 1 2 =Y o | 7
The Units
Phases Of the IMOON ... e e e e e anaaas 13
Lesson One: What Is the Crescent MOON?...... oo 14
Lesson Two: What Are Phases of the MooN?........cooo oo, 17
Lesson Three: Why Do We See Phases of the Moon? ...........eeeceiveiieiiiiieeeeeeeeeees 22
Lesson Four: Why Do We Always See the Same Side of the Moon in the Sky?.....25
Lesson Five: How Does the Moon Create Tides on the Earth?..........cccooveeeeeeeees 26
REFIECTION.......ceee e e e e e e e e e e e e e e e e e e e nnaaas 29
Part One—Light
Lesson One: How Do We See Objects, Like the Moon? .........cccvvvveeiieiiiiiiceieeeeeenne, 30
Lesson Two: What IS Light2......coooo oo e e e e e e e e e eennnes 31
Lesson Three: What Determines the Color of an Object?........cooveeviiiiiiiieiieeeennnn. 35
Lesson Four: What Does Invisible Light Reveal? ...........oooovimiiiiiieiieeeeeeeeeeees 36
Part Two—K’é
Lesson One: Linking Light and Reflection to K’€ ........coooeemiiiiieiiiie e, 37
Lesson TWO: What IS K’ @7 ...ttt e e e e e e e e e e e e e e eennnes 39
[ 5T 11 o = NS 49
Lesson One: How Did Our Solar System FOrm? ........ooooeeiiiiiiiiicceeeeee e 50
Lesson Two: How Did the Moon FOrM? ... e e e e 53
Lesson Three: Navajo Story of the Sun and Moon .........c.ooveviiiiiiiiiiee e, 56
Lesson Four: How Do These Two Ways of Knowing Relate?........ccccccoevieeveeeeenneees 59
{07 - T | [=1 o o Y- 1 (o [P 61
Credits and ACKnowledgemeENnts..............oooeiiiiiiiiiiii e e e e e e eees 65

THéhonaa'éi Nihema - Navajo Moon



HOW TO USE THE ACTIVITIES IN THIS
EDUCATOR GUIDE

Recommended Sequence of Lessons

The lessons in this educator guide were designed to be presented in a sequence, to build upon and reinforce
one other. Taken together, all the lessons can be completed within the span of one month, which begins and
ends with daily observations of the Moon throughout one lunar cycle. The lessons can be presented in other
ways, too, and using your expertise and creativity is encouraged! Here is the recommended sequence.

o

Start with the Phases of the Moon unit.

Begin with lesson one which explores the crescent Moon as a symbol of ‘the beginning,” and leads to
questions about lunar phases.

Create the Moon calendar in lesson two, and begin the nightly Moon observations.

Complete all the lessons below within the month while students are making their observations.
Complete lessons three and four of the Phases of the Moon unit. They draw out the fact that
‘reflected light’ is the reason we observe phases of the Moon, and so they link well with the essence
of the Reflection unit. Once you complete them, begin the Reflection unit.

After completing both parts one and two of the Reflection unit, move on to the Origins unit.

After you complete the Origins unit, begin and complete the Cradleboard unit.

At the end of the month when students have completed their last lunar observation, revisit the
completed Moon calendar from lesson two of the Phases of the Moon unit (part 9—page 18) which
suggests creating a celebration by inviting a cultural expert to join the class to review vocabulary and
discuss cultural knowledge related to the Moon. This lesson also suggests working with the students
to “perform” the kinesthetic movements in lessons one and two of the Origins unit for their guest,
and/or reciting from their “Color and Light, Unity and Diversity” essays from lesson four of part one of
the Reflection unit (part 4 —page 37), and/or displaying and discussing their cradleboards.

6 http://astrobiology.nasa.gov/nai/Moon




ignment

Standards Al

‘oA 9y} Jojud 1SNW —1l WOoJ) palo}ieos Jo

Aq peniwe —108lgo 1yl wo.j b ‘108lqo ue 8ss o
‘(uonoayal Buipnioul) Buusneos Jo ‘uondiosge ‘(uon
-oeljaJ Buipnjoul) uoissiwsuel} Ag Jejew Ylm s1oeia)
-U1 Y617 :tADYINT 40 HIJASNVHL :9 A4VANVLS
JON3IOS TVOISAHd

SpJepue]s Jusajuo0) aoualoS 8-

"yuow e 1noge sise| 1eyy 9|0A0

e ul Aep 0} Aep wol} sabueyo uoo|y ayi Jo adeys a|ge
-AJBSQO 8Y] "ung 8yl ayI] yonw siseq Ajiep e uo Ays
9U] SSO0JOB SOAOW UOOJA 8] "SUOSESS 8y} JOAO A|MO[S
sebueyo yied su 1ng ‘Aep Aiane Aem awes ayy ul Ays
9y} ssoJoe anow 01 sieadde ‘gidwexs Jo} ‘ung ay |
"JuUswBAOW JO suiened aaey AXs ay} Ul s108[q0 AMS
ANV HL4dV3 3HL NI S3ONVHO :d A4dVANVLS
JON3IOS 30VdS ANV H1dVv3

"199[qo 8y} Agq pagJosge Jo ‘sug| e AQ pajoeal
Yoalw e AQ peios|jel oq ueo 1ybiT 109lgo ue sayuls
¥ |1un aul| ybrens e ul sjeAel} Y61 INSILANDVIN
ANV ‘ALIOIYLO313 ‘LV3H ‘LHDI1 :9 A4VANVLS
JON3IOS TVOISAHd

SpJepuelS JUdU0D dUIOS p-Y

spJepuels uolleonp3 9oualog [euoneN

vie|ec|t

S|P

€

4

pJeoq
-a|pesd

suiblO

2
-om] ved
‘uonoa|jey

617
-auQ Hed
‘uonos|yay

UOOW\

ay} Jo saseyd

(=
o
o)
=
()
g |
©
>
©
=z

TYéhonaa’éi Nihem




'Sapi} 8y} Jo euswouayd ayj sure|dxe pue aoe}

-INS S,yue3 ayj 01 Sn Sp|oy auoje AlARIL) "WLISAS Je|
-0S 9y} Ul UoII0W 8y} JO 1SaJ 8y} sulenob pue uns ayy
punoJe 1gJo ul sjeue|d sdesy 1ey) 9210} 8y} SI AlIABID
!INTLSAS HV10S 3HL NI H1LHV3 :d A4dVANVLS
JON3IOS 30VdS ANV H1dV3

‘sasdi|os pue

‘uoow ayy Jo saseyd YeaA ay; ‘Aep ayj se euswou
-ayd yons ulejdxe suoijow asoy | ‘uonow ajgelolpaid
pue Jejnbal ul a1e WalsAS Jejog ay) ul s109[qo 1SoN
‘N3LSAS HV10S JFHL NI H1HV3 :d advaNVvls
JON3I0S 30VdS ANV H1dVv3

"WB1SAS Jej0S 8yl ul Apoq 1sebue| pue [eJjusd

3y} sI Yels abeisAe Ue ‘Ung 8y "S}9W0D pUB SploJs}
-Se Se Yyons ‘s109[qo Jajjews pue ‘suoow J1ay} pue
X | X s1oue|d Jayio ybie ‘ung ay} ‘Uool |yl sepnoul 1By}
wa1sAs B Ul ung syl woJy 1due(d paiyl 8yl sl yue3 ay |
‘N3LSAS HV10S JFHL NI H1LHV3 :d adVvaNVvls
JON3I0S 30VdS ANV H1dVv3

(=
o
o
=
=
m©
(=
S
>
(]
(@)]

"uoleIpel 19]|0IABIY N puUe ‘paJtesul ‘Wbl a|qIsiA Jo Bul
-1SISUOD ‘syibusjenem Jo abuel e yum 1ybi| se seAle
ABisus s,ung 8y ‘yue3 syl 01 ung ayl wouy Abisus
BuLsjsuel] ‘yue syl seyoeal 1ybi| 18y} JO uolorRl)
Aunn v "yb1 Bunyws Aq ABiaus saso| ung ay] ‘eoelns
s,ype3 ayy uo sebueyos 4o} ABisus Jo 824nos Jofew e
Shung 8yl :ADHANZT 40 H34SNVYL -9 A4dVANVLS
JON3I0S TVOISAHd

http://astrobiology.n

vie|ec|L|l ¢ F |v|€|e|b]||S|V|E€[C|}

pIeoq =D | Wb UOOI

suiblO -om] Med | -auQ Med
-9|pe1n . . ayj Jo saseyd
uono9§vy | "'uondd|jey




'SJIBYJ0 pue
J|os jo uoneloadxs pue ‘uoiidasiad Yoireyaq ‘epniy
-1e [euosiad azAjeue pue Aluspu| :£0d LY O2S

gleyeN - 3HNLTND ¢ A4VANVLS

"diysuor
-gJaJ AJunwiwod pue ‘AlojuIop ‘WooIsse|D ‘Allwe) e
UIyyM sioineyaq pue sapnype ajgeidasoe pue ayeud
-oiddeul yuauno ssnasip pue Ajuspl :20d 24 D1LS

"S90I0Yy0 po0ob pue peq Jo} seousnbas

-u09 Jo abpsjmouy Aeidsip ‘sjuswabpn( pue seoloyo
peq Ajuspl Loineyaq aAiisod sjowoid eyl senjea
pue sa|diound Ajiwey ueipu| Ayjusp| :z0d 2d OIS

(80d :1d O€S pue 60d :1d OIS

‘uonepuno4 osjy) 9,) Jo 1deouU09 ofeAeN [euoljipel}
8y} Jo uoneziiin ayy ybnouyy sjeob ysijdwoooe 01
AleAiesadooo pue Ajuspuadapul MIOM :20d LH DLS

soayeyesiN - 3HNLTND ‘| AHVANVLS

apein Y1y ybnoayy jooyoss-aid ‘ssauipeay

spJepuels abenbue-ain}in) auiq

‘Aepoy uo aAll em 1aue|d By} Wod) JusIayIp AJaA Ssem
ypeg Ales ay| -obe sieak uol||iq 9t seb pue 1snp Jo
pPNoJo Jejngau e WOJ} pawio) Wa1SAS Jejos ay) Jo 1sal

8y} pue ‘Yyue3 sy} ‘unS 8yl :INJLSAS HLHVI IHL

40 NOILNTOA3 ANV NIDIHO 3H1 :d ddVANVLS
JON3IOS 30VdS ANV H1dVv3

spJepue)s Juajuoy d2udlos ZL-6

v(ie€|c|}

G|v|(€|lc|!

pieoq
-a|peso

suiblQ

o
-oMm] Yed
‘uonosjyey

b
-auQ Med
‘uonosyyey

UOO\
ay} Jo saseyd

(=
o
s)
=
o
Ty
©
>
©
=
1
~{y0)
s
9]
-
et

TYéhonaa




"(Aueple

‘ynpe Buuniew ‘pyo ‘Ageq :ymwmolb ul sebels Jolew
Jnoy ‘Aep e ul seseyd ‘suielunow ‘SUOSESS ‘SI10j0D
‘suoioalIp JNoy ‘sue|o Jnoy ay3 ol diysiequisw *6-8)
.ouey Ilsuiqg jo sease palejal Auew ul SsauINO} JO asn
8y} pue 8ouedlIUBIS By} pueisIepuN :GOd gH OFS

uiseyls - 3HN.LTND ‘¥ QHVANVLS

"SJBY}0 pUe }I8s 10} [nj10adsalisip pue |njiaosp
Buieq ‘“Asnojesl ‘ssauize| Buieuiwid ajiym JOIABYSq
pue spnunie Ayyesy aanisod Buidojaasp yim uoneio
-osse ul Juswdojanap |eoisAyd uo Buiyoes) oleneN
[euollpeJ} 8Y] 1SBJU0D pue asedwo) :Z20d #H D€S

‘(Buisnooy) uonelpsw yum Aep

mau e uibaq pue ‘sugey Buires Ayyesy wioy ‘9zioiexa
[eaisAyd wuoped ‘esu 03 AjJes Joy uoijowoud jeuon
-IpeJ] 8y} pueisiapun pue 8ziubooay :20d :€H IES

"1sed ay1 Jo Buipuelsiepun 8yl 01 S81NQUIU0D
uolewIOUl 8Yl Moy Aiuspl isuonenyis Jo ‘seoe|d
‘g|doad yum seousasind00 jueoliubis ybnouyy (,euey)
S9110]S Jualaylp 1SeJu0D pue asedwo?) :G0d 24 DS

eul] - 34N1IND ‘€ A4VANVLS

"1sed 8y} ul seAl
-eJaJ ue|o pue suated Aq sBulyoes] Aepp uoI1199101d
By} SSNISIp pue ‘auiwexs ‘@40|dx3 :20d 2H 22S

vie|c|}

S|\v|€[C|}

pieoq
-a|pesd

suiblQ

2
-om] ved
‘uonoajey

b
-auQ Med
‘uonoayyey

UOO\
ay} Jo saseyd

C
o
o
=
=
©
(=
~
>
o
oy
©
%))
©
(=
>
[@)]
O,
o)
el
o
ol
-+
()]
©
o
B
o
o+
e
=




"JUSUIUOD UBOLBWY YUON
ay3 uo ajdoad uelpu| 8yj JO JUBWS|ISS 8y} pue aousb
-Jawae ‘sanfen pue so|dioulid ‘ajl| Jo suibLIo 8y} uo sjal]|

-9Q JaY10 WOl (,ouey) SBLI0IS PUB SMBIA J1J1IUSIOS 0}
.auey [euonipeJ; a8y aledw oo 0} Loya Ul sisuoloeid
[euolliped} pue sispje Yiim 1oelsiul :god k4 OFS

uiseyls - 3HNLTND ‘¥ AHVANVLS

sapeJn yig ybnouy} yig ‘uonepunog

"(Yresy Ageq ayy Buiso

‘owreu oleAaep e Bulni®oal fus|jod ul09 Jo Buuioue
1841} S,Aqeq ay) ‘uonelgaleo ybne| 181} s,Aqeq eyl
1€ }|es yueg [elnjeu Jo asn 8y} ‘saige||n| pue pJeoq
-9|peJo “6'9) saoioeid Bueal pjIyd ul sialeq [euol}
-1peJ} 8y} Jo soueoljubis sy} aio|dx3 :20d :+H D9S

Buipeay pue BuilIp
NOILVOINNININOD 9 AHVANVLS

‘'suon

-ejaidiaiul pue Buiuesw Jo} uoissnasip ul ayedioiued
0} 9|ge 99 pue Sa1I01S LoYS ‘@Io)|0} ‘oIsnw ‘sbuos
uelpu| Jayio pue ofeanepN 0} usisi :g0d €4 ISS

Bupjeadg pue HGuiualsi
NOILVOINNININOD: S AHVANVLS

v(€|c|}

G|v|(€|lCc|}

pieoq
-a|peid

suiblQ

2
-om] ved
‘uonoajey

b
-auQ Med
‘uonoayyey

UOO\
ay} Jo saseyd

(=
o
o
=
o
=
©
>
©
=z
1
©
[}
=
=
o
©
©
c
o
Aex
X0J
=
T




http://astrobiology.nasa.gov/nai/Moon




Phases of the Moon
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Lesson One: What Is the Crescent Moon?

Learning Objective: Students will understand the importance of the crescent Moon as “a beginning.”

Description: In this unit-opener activity, students will discuss an image of the crescent Moon, hear a short
story featuring the crescent Moon, and engage in a “Gallery Walk” to process its meaning.

Materials Needed: Crescent Moon Poster and Taking Deep Breaths short story, both provided in
Supplemental Material below; four pieces of large flip-chart paper; markers.

How To

1) Begin by displaying the image of the crescent Moon. Ask students what they see in this picture. Make
sure they recognize the Moon and perceive that it is a crescent Moon. Ask them what a crescent Moon is,
and probe for their understanding of what it means. Look for answers that lean toward it being a “phase” of
the Moon, and the beginning of the Moon’s monthly cycle. Ask students what they know about phases of the
Moon.

2) Read aloud (or have a student do so) the story Taking Deep Breaths, and/or pass out copies to the students.

3) Put one sheet of chart paper on each wall of the room, and write one of the following questions on
each sheet:

e \What is a crescent Moon?

e  Why is the Moon in this story?

e \What teachings did the grandfather convey?

e What do the teachings have to do with the Moon?

4) Divide students into 4 groups, and give each one a different color marker. Each group will begin at one of
the chart papers and collectively write a short response to the question on that paper. Allow ~5 minutes to
pass, then move each group to the next question. The groups should spend time at each sheet, contemplating
each question and writing a response.

5) When the groups are at their final question and have finished writing their responses, ask someone from
each group to read/summarize the responses on the paper. Return the students to their desks and facilitate
a group discussion, probing as to why each team gave the responses they did. Focusing on this question,
reinforce the teachings conveyed by the grandfather and the symbolism of the crescent Moon in the story:

e Why is the crescent Moon in this story?

o The crescent Moon in this story represents the beginning—the beginning of the day, but also
the beginning of one’s path in life. The beginning of the day is a time to run and shout so one
can begin the day well, but also develop and maintain strength throughout one’s life to avoid
mental, physical, social, and emotional iliness.

http://astrobiology.nasa.gov/nai/Moon



6) End this activity by exploring the concept of phases of the Moon with students. Ask about and discuss
what they know about phases. Explain to students they are going to record observations of the Moon every
night for a month (or two) to explore what the phases of the Moon are.

Supplemental Material

Taking Deep Breaths

Johnson Dennison, Navajo Traditional Practitioner

“Take a deep breath four times” the grandfather says. A Navajo boy named Johnny was standing beside his
grandfather facing east outside his Hogan at early morning dawn. Johnny noticed a bright crescent Moon in
the eastern sky above the horizon. Johnny asked his grandfather about the significance of the crescent Moon
in the Navajo culture. The grandfather began to tell a story.

My grandson, the crescent Moon in the sky represents a path of life. As you are born into this world you begin
your journey to walk your own path of life. A child begins to start walking a year after birth. Learning to walk
is a difficult task at that age but after a child learns to walk it is fun and soon, the child begins to start to run.
Walking in your path of life is a very difficult task but it is also a very beautiful path to walk for the rest of your
life. First of all you must be strong enough to withstand the pressure as you walk through life. You will meet
many challenges in your life. In Navajo, we say you must have a strong endurance, ha’joIni. To become a
strong person you must discipline yourself to wake up early in the morning at dawn and offer your prayer for
positive life, hozhdQgo naasha’.

The elders’ teaching is to run in the morning to the east after your prayer. While you’re running, yell at the top
of your voice so your voice will be heard by the total Universe, and so your wind will become stronger. In this
way, you will be able to withstand hardships and all adversities in your life path. There are many fearful and
destructive ones such as diseases and illnesses. You must be strong enough physically, emotionally, mentally,
and spiritually, to overcome these adversities, ha’jéIni.

Long ago, a child was trained by his parents. He was taught not to be “lazy” and sleep too long in the
morning. A monster, laziness, can overcome our health. The laziness turns into illness: mentally, physically,
socially, and emotionally. It will create conflicts and destroys family relationships. In Navajo it is called “hwot
yaa ninahwiildéoh.” Abiinidaq’ nijighdaago éi iina ya’at’ééhii hoosaa dooleet. We were taught to run in
the morning to be healthy and to walk in beauty. Before you run, take a breath four times.

“T'aahwi Ajit'éego”
(It is really up to you)

THéhonaa’éi Nihema - Navajo Moon
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Lesson Two: What Are Phases of the Moon?

Learning Objective: Students will understand that the Moon changes throughout the lunar cycle (phases),
and that one lunar cycle relates to the monthly calendar.

Description: In this activity, students will create a Moon Journal in which they will record standard
observations of the Moon each night for an entire lunar cycle (or two). It is encouraged to begin this activity on
the New Moon.

Materials Needed: Navajo Moon Phases Diagram, Navajo Moon Phases Vocabulary Sheet, both provided
in Supplemental Material, below; standard 8.5” X 11” paper (substitute with construction or other paper if

you wish). Each student will need a notebook in which to record their observations. If you prefer, a Moon
Observation Worksheet (black line master) is provided in Supplemental Material for students to use to record
their observations; copies of this can be made.

How To

1) Organize the students into four groups, and give each group a copy of the Navajo Moon Phases diagram
and several sheets of paper. Assign each group the task of drawing the Moon’s appearance during each of the
four major phases of the Moon’s cycle, with each day on a separate sheet of paper: (1) from new through first
quarter (waxing moon—6 drawings), (2) from first quarter through full (waxing moon—6 drawings), (3) from full
to last quarter (waning moon—6 drawings), and (4) from last quarter through new (waning moon—6 drawings).

2) Create a Moon Calendar by arranging students’ artwork in a large circle or oval on a large wall, resembling
the outer circle of the Navajo Moon Phases diagram. Label the four quadrants of the calendar with the terms
“waxing,” “full,” “waning,” and “new.”

3) Pass out or have students take out their Moon Journals, or pass out one recording sheet to each student.
Explain that students will use this journal to record nightly observations of the Moon for one complete lunar
cycle beginning with the New Moon. For the ~2 weeks between New Moon and Full Moon, the Moon appears
in the evening sky. As a group, choose a time when all students will be making their observations (~7pm). It

is important to note that for the ~2 weeks between Full Moon and New Moon, the Moon will not appear in the
evening sky, but rather the morning/afternoon sky. Make sure the students change their observing time after
the Full Moon, and/or take time during class to go outside so the students can make their observations. If they
are still looking for the Moon in the evening, they will return “no data!”

THéhonaa'éi Nihema - Navajo Moon



4) If you are not using the provided Moon Observation Worksheet, have students open to the first page of their
Moon Journals, and set up the standard form for each night of observing which they will repeat each evening in
their journal. Have them prepare their first page with the following data fields, emulating the Moon Observation
Worksheet.
e In the upper right corner, make a place for name and date.
e Leave most of the page blank for the drawings of their observations (if it is completely cloudy,
note the date and time, students can write “cloudy, no data.”).
e Near the bottom, make fields for the following:
o Time
o Direction of observation (north, northwest, south, etc.)
o0 Miscellaneous observations: size, shape, color, location compared to the horizon, brightness,
or location compared to the previous night
o Prediction of what tomorrow’s observation will be like
o Navajo phrase and English translation

5) Explain that students will 1) sketch the phase they see the first evening, and 2) prepare to share a prediction
about what they may see the following evening. If you are beginning the exercise on the New Moon, the
students will reveal that they did not see anything on their first night of observing!

6) The next day in class, discuss what the students observed (the absence of an observation, the New Moon),
and what they predict seeing that evening.

7) Each student will record their observation each evening. Facilitate sharing their data (sketches, time, date,
direction, etc.) every few days at a designated time during class. One solid week of observations should result
in firm predictions of a “growing” or waxing Moon. Ask the students, why are they seeing the Moon change
shape in the sky every night? After the Full Moon, the discussion and predictions should center around the
“diminishing” or waning Moon.

8) Another idea to maintain motivation throughout the month of observations is to conduct the Birthday Moon
activity. Using this website: http://tycho.usno.navy.mil/vphase.html, students will look up the phase of the
Moon on the date of their birth. The website will generate an image of the Moon. Students can draw or print
out the image displayed by the website, match it with the corresponding image on the calendar on the wall, and
correctly identify the phase of the Moon on the day they were born. If you wish, have each student write their
name on a card or Post-it note, and tape it near or on the corresponding phase of the Moon on the calendar on
the wall.

9) As a concluding celebration to the completion of one month of observations, invite a cultural expert to

join the class, or make a field trip to visit a cultural expert and discuss how traditional practitioners watch the
appearance of the Moon to predict things like the weather and the gender of a child to be born. The students
can practice and deliver a special “performance” of the kinesthetic enactments of Solar System and Moon
formation from the ORIGINS unit (pages 50 and 53). They can also read from their “Color and Light, Unity and
Diversity” essays from the REFLECTION unit (page 37), and/or display and discuss their cradleboards (page 61).

http://astrobiology.na
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Navajo Moon Phases Vocabulary Sheet

THéhonaa'éi Altah Ant’ooniilgo Athééhédaah

DAY DINEK’EHJI ENGLISH TRANSLATION

0a Dahiita New Moon / Crescent

0a/6a T'aanabiiska The Crescent enlarging

0é T'aa’nabiyoolkaat Moving to First Quarter Moon

oe Atnii‘ji’'nabiideeskad’ Approaching First Quarter Moon

0é Anii'ji’'nabiyoolkaal Almost First Quarter Moon

oi /6j Haniibdazji’ Alnii'nabiiska First Quarter Moon

of Hanibaasji’ Nabiidéeska Begin movement to Full Moon

ao Nabiyoolkaat Approaching Full Moon

aa Niteelnaadleet It is expanding to Full Moon

da/aa K'adéehdai’'nééh It is almost completely Full Moon

aeé Jihaniibaaz Daytime Full Moon
Yit'dhinéél’ji They looked at one another

ae Haniibdaz Full Moon
Niteelnasdljj’ It has expanded to its fullest
Haadizaa It is complete

aé Chahateetnaadza It went back into darkness

ai Bik'izinasdljj’ Beginning into Last Quarter Moon

ai/aj Bik'izindadleet Going to Last Quarter Moon

Qo T'aad’'nabiidéeska Approaching Last Quarter Moon

Qa/aa T'aad’nibiyoolkaat Returning to Last Quarter Moon

ad Dahiitjjji" Atnii'nabiiska Last Quarter Moon

aé/ae Dahiitjjhgdne’biyootkaat Beginning of New Moon

aé Anaadijtjii’nabiyookaat It is disappearing

ai Anadijh Can barely see a portion

ai Abiyiitka It is gone with a new day

aj Yikaitahaasaal New Crescent seen at dawn

aod Yitdeezh'aazh They are traveling together

Researched and written by: Peggy F. Scott and Mike Mitchell. lllustrated by: Pal Begaye, Produced by: Chinlé Curriculum Center
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Moon Observation Sheet Name:

Time of observation:
Direction of observation (north, west, southeast, etc.):

Miscellaneous observations (size, shape, color, location compared to the horizon,
brightness, and/or location compared to the previous night):

Prediction of tomorrow’s observation:

Navajo phrase, English translation:
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Lesson Three: Why Do We See Phases of the Moon?

Learning Objective: Students will understand that we observe phases of the Moon because light from the
Sun illuminates different portions of the lunar surface as the Moon orbits the Earth and the Earth orbits the Sun.

Description: In this “Kinesthetic Moon” activity, students will work in pairs, one will be the Earth and the
other will be the Moon. They will enact prescribed movements around a light source (the Sun) to kinesthetically
demonstrate the concepts of rotation, revolution, and gravity. It may be helpful to conduct this activity after the
students have been observing the Moon nightly for awhile.

How To

1) Opening Discussion:
Write on the board and ask the question, What is observable about the Moon just by looking at it in the sky?
Make a list on the board of students’ responses. Discuss what they have been observing, making sure these
general observations are covered:

e |t appears to rise and set

e Sometimes it appears full

e Sometimes it’s absent (new Moon)

e |t changes shape (phases)

e [t can be seen at night but also during the day

e |t can be seen in all different parts of the sky

e The markings on the surface appear to be the same all the time

e We only see one “face” of the Moon all the time

2) Create a lighting situation in the classroom so that light is coming from one side of the room only, vs. from
the ceiling or from two sides of the room. Letting in light through windows on one side of the room is best, or
line up several lamps on one side of the room. This configuration will simulate the Sun. Or, go outside and
work with the Sun itself—if you do, be sure to go out in the early morning or late afternoon when the Sun is
close to the horizon vs. directly overhead.

3) Divide students into pairs and orient each pair against the light source. Have the students face one another.
One is the Moon, one is the Earth. Start with the Earth facing the Moon, with the Moon’s back toward the Sun,
and the Earth facing the Sun. Have the Earth-student be the primary observer of what is happening to the light
falling on the Moon-student’s face.

4) In the initial position where the Earth is facing the Sun and the Moon is facing the Earth, point out that all
the light is falling into the Earth’s eyes, and none of the light is falling onto the Moon’s face—it is completely in
shadow. Ask what phase of the Moon is being seen by the Earth? The Earth observer sees a new Moon.
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5) Have both students make 1/4 turn to the Earth’s left (Earth stands in place and turns to the left [rotates about
his/her own axis]; Moon actually walks to Earth’s left [revolves around the Earth]). Point out that the left side of
the Moon’s face is now illuminated, and the right side of the Moon’s face is still in shadow —this simulates how
the waxing half Moon appears to an observer on the Earth.

6) Have both students now make another 1/4 turn to the Earth’s left. As the turn happens, the Earth should
observe that the shadow covering the right side of the Moon’s face “disappears,” and when the turn is
complete, the entire face of the Moon is illuminated. This means that all of the sunlight is falling onto the side
of the Moon that is facing the Earth—this simulates how the full Moon appears to an observer on the Earth.

7) Have both students now make one final 1/4 turn to the Earth’s left. Point out that the right of the Moon’s
face is now illuminated, and the left side of the Moon’s face is in shadow —this simulates how the waning half
Moon appears to an observer on the Earth.

8) Have both students make another 1/4 turn to the Earth’s left, reentering the position from which they began,
and once again observe the new Moon. Point out that this entire process takes ~one month, and is referred
to as the lunar cycle. Switch the students so the Earth is now the Moon and the Moon is now the Earth, and
repeat the exercise as often as you like to reinforce the observations.

Connection to REFLECTION activity: this is a natural point at which to bring up a crucial question which
connects the outcome of this activity to the essence of the REFLECTION unit. In the preceding activity,
students embodied the process through which phases are “created,” which is that light from the Sun falls onto
the surface of the Moon in different ways throughout the lunar cycle. But it remains to be demonstrated, how
and why do WE SEE the phases of the Moon? The answer is because light from the Sun REFLECTS off the
Moon'’s surface into our eyes on Earth (vs. the Moon generating its own light). The REFLECTION unit explores
this concept. You may want to segue at this point to the REFLECTION unit, and resume with the other two
exercises below afterward.
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Background Material

The revolution of the Moon around the Earth makes the Moon appear as if it is changing shape in the sky.
Therefore, different parts of the Moon’s surface are illuminated at different times. These are called “phases” of
the Moon. The Moon doesn’t generate any light itself; it reflects the light of the Sun. The Moon appears to us
in four major phases during a cycle that repeats itself every 29.5 days. The phases always follow one another in
the same order.
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Lesson Four: Why Do We Always See the Same Side of the Moon in
the Sky?

Misconception: The Moon doesn’t rotate (spin) about its own axis because we only see one side or “face”
of the Moon.

Learning Objective: Students will understand that as the Moon revolves around the Earth, the Moon also
rotates about its own axis. Students will understand that the reason we only see one “face” of the Moon is
because the Moon’s rate of rotation about its own axis is equal to its rate of revolution about the Earth, and that
that rate is governed by the gravitational pull exerted by the Earth on the Moon.

Description: In this activity, students will work in pairs, one will be the Earth and the other will be the Moon.
They will enact prescribed movements to kinesthetically demonstrate the concepts of rotation, revolution, and
gravity.

How To

1) Start by having each student demonstrate the difference between rotating (spinning) and revolving.

Place all students in a big circle and stand in the middle. Ask each student to stand in one place and spin
(demonstrating rotation). Then have the students walk around you (demonstrating revolution). Then have the
students rotate and revolve around you at the same time—not too much—it can be dizzying!

2) Now divide the students into pairs, one will be the Moon and one will be the Earth. Start by having the
Moon walk casually (normally) around the Earth, so the Earth sees more than one side or “face” of the Moon.

3) Now have the Moon walk around Earth, with his/her face always facing the Earth (requiring the Moon
student to “sidestep”). Explain that what is happening is that the Moon is actually rotating (spinning) as it
revolves around the Earth, but the rate of spin is equal to the rate of revolution.

4) Ask students, Why is this the case? Is it an amazing coincidence? What is the reason behind it? Explain
that this is a common phenomenon in the Solar System. Many of the planets in the Solar System have one

or more moons. When we examine other planets and their moons, we see that there are many cases where
the time that it takes for the moon to rotate on its axis matches the time that it takes to revolve around its
planet. This phenomenon is due to the force of gravity. Gravity’s pull is stronger on things that are closest to
it. The Earth pulls on and stretches the Moon—the part of the Moon that is closest to the Earth gets pulled and
stretched more.

5) To demonstrate this, have the Moon stand in profile with respect to the Earth with hands on hips so that one
elbow is closer to the Earth than the other. The Earth reaches out and holds on to the Moon’s elbow. Have the
Moon student try to spin on his/her axis (aka rotate in place) but, because the Earth student’s hand is on the
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Moon’s elbow, s/he cannot complete a spin. This is because Earth’s gravitational pull (the tug of the Earth’s
hand on the Moon'’s elbow) is stopping it and slowing it down to the point where the Moon'’s rate of rotation
(spin) is equal to its rate of revolution. Have the Earth remove his/her hand from the Moon’s elbow, and allow
the Moon to spin freely, then have the Earth put his/her hand back on the Moon’s elbow and slow the spin
again.

6) Therefore only one “face” of the Moon is shown to the Earth. (Side note: In this demonstration, the Earth
isn’t spinning—the arm coming out toward the Moon represents the gravitational pull, irrespective of spin).
Switch the students so the Earth is now the Moon and the Moon is now the Earth, and repeat the exercise as
often as you like to reinforce the observations.

Lesson Five: How Does the Moon Create Tides on the Earth?

Learning Objective: Students will understand that because of the gravitational pull of the Moon on the
Earth, the water in the oceans on Earth forms tides.

Description: It may come up that students have heard that the Moon is responsible for the high and low
tides on Earth. In this activity, students will work in groups of four. One student will be the Moon, and the other
three will represent the Earth: one will be the middle of the Earth, and the other two will be points on the Earth’s
edge, representing the oceans. They will enact prescribed movements to kinesthetically demonstrate the
concept of tides.

How To

1) Line up the three Earth students with the Moon in the same line, just several paces away, all three Earth
students looking at the Moon. The middle Earth student has hands on hips. Explain that the middle student
represents the center of Earth and other two students represent the oceans.

2) To demonstrate that the Moon has a gravitational pull on the Earth, and that that gravitational pull is
strongest on the side of the Earth that’s closest to the Moon, have the student closest to the Moon take 3
steps toward the Moon, have the middle Earth student take two steps toward the Moon, and the farthest Earth
student take only one step toward the Moon. Explain that, just as in the prior demonstration where students
learned that the Earth exhibits a gravitational pull on the Moon, and that the pull is strongest on the side of the
Moon closest to the Earth, now we’re observing that the Moon is doing the same thing. It is exerting its own
gravitational pull on the Earth, and again, the pull is strongest on the side of the Earth that is closest to the
Moon as evidenced by the first student taking three steps toward the Moon (vs. the other two students only
taking two steps and one step).

3) Explain that the oceans, represented by the furthest and closest Earth students, are at high tide because
the Moon’s gravity pulls more strongly on the water on the closest side of the Earth than it does on the center
of the Earth, which is further away. The Moon also pulls more strongly on the center of the Earth than it does
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on the water on the furthest side of the Earth. As the Earth spins on its own axis throughout the day, different
parts of the oceans will be closest and furthest from the Moon, therefore creating approximately two high and
two low tides per day.
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Reflection
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REFLECTION, PART ONE - Light
Lesson One: How Do We See Objects, Like the Moon?

Learning Objective: Students will understand that we are able to see objects, like the Moon, because light
from the Sun reflects off of them into our eyes.

Description: In this activity, students will experience a demonstration involving a darkened room—a space
in which total darkness can occur is ideal. The room is then suddenly illuminated, demonstrating that we see
things because light reflects off of them.

Materials Needed: Blankets or towels to cover windows; flashlight (optional).

How To

1) Begin by asking students how they think they are able to see the Moon in the sky at night? Does the Moon,
like the Sun and the other stars in the sky, generate its own light? Explain that the Moon reflects light from the
Sun, just as objects on the Earth do. We see things such as trees and tables and each other because light
from the Sun (or another source like a light bulb) shines on them and reflects off of them into our eyes. The
Moon is no different. Conduct the following demonstration to illustrate this point:

2) Darken a room completely—hang towels or blankets over the windows if needed. You may find that using
the school gym is a good solution. Ask students if they are able to see any of the objects in the room without
any light shining on them. Then shine a flashlight, turn on the room lights, or remove the coverings from the
window, and explain that the objects in the room are only seen because they reflect the light. Then draw a
diagram on the board depicting the path of light from the Sun onto the Moon, then reflecting off the Moon and
into the eyes of an observer on the Earth:

OBSERVER
ON EARTH
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Lesson Two: What Is Light?

Learning Objective: Students will understand that visible light is part of the spectrum of energy that comes
from the Sun.

Description: A discussion referring to a poster image and a demonstration with a prism will show that
visible light is composed of several wavelengths, or colors, of energy of the electromagnetic spectrum.
Students will hear The Navajo Story of the Rainbow and create small rainbow strips which will be used in the
CRADLEBOARD activity.

Materials Needed: Electromagnetic Spectrum Poster, provided as an external supplement to this Educator
Guide; a prism (students can share); The Navajo Story of the Rainbow, provided in Supplemental Material,
below; strip of paper, roughly 3” X 11”; crayons or markers.

How To

THE ELECTROMAGNETIC SPECTRUM

1) Referring to the diagram on the board (above), ask students, What is the light that comes from the Sun?
Explain that light is only one of many types of energy emitted by the Sun and all other stars, too. Called the
electromagnetic spectrum, this energy comes in many different wavelengths. The energy travels from the Sun
to our eyes. Along the way, it bounces or reflects off of objects in its path, illuminating them.

2) Referring to the Electromagnetic Spectrum Poster, explain to students that the light we can see with our
eyes represents only a very small portion of the continuous range of electromagnetic waves that form the
electromagnetic spectrum. As the poster illustrates, all of the different types of energy within the spectrum
travel in waves of different length. On one end of the spectrum are radio waves, with wavelengths that can be
as large as mountains. On the other end of the spectrum are gamma waves, with wavelengths as small as the
nucleus of an atom. Just about in the middle of the spectrum is visible light, with wavelengths about the size of
a pinpoint.
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An excerpt from the front of The Electromagnetic Spectrum Poster.

Please ensure students understand that the galaxy depicted in the poster is NOT the Milky Way galaxy in which
our Solar System resides! We do not have the technology to travel beyond the boarders of the Milky Way to
obtain such an image. Rather, the poster depicts the nearby Whirlpool galaxy.

Point out that some of these wavelengths of energy are familiar and present in their daily lives. We wear sun-
screen to protect our skin from the Ultraviolet rays (UVA, UVB) emitted by the Sun. Doctors and dentists use
X-rays that they generate from a machine to expose a film to image broken bones and teeth. Most households
have a device that uses microwaves to heat food (a microwave oven!). We also sense infrared energy from the
Sun as heat. Explain that although our eyes can see only visible light, we are subject to all the different types
of energy emitted by our Sun.

Does our Sun emit all wavelengths of energy equally? No! The poster is representing the concept that all the
types of energy are emitted collectively from all the types of stars in a given galaxy in the Universe, thereby
illustrating the entire electromagnetic spectrum. Point out to students that the vast majority of the energy emit-
ted by our Sun falls within the visible portion of the spectrum. No wonder we earthlings have eyes that see in
the visible!
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THE RAINBOW

1) Reinforcing and building on the first lesson, reiterate that humans see objects because visible light energy
from the Sun reflects off of them into our eyes. Explain that while Superman may have had X-ray vision, the
rest of us don’t see objects illuminated by gamma rays, X-rays, ultraviolet light, infrared light, microwaves, or
radio waves! Yet all those types of energy are being emitted from the Sun, too, albeit in small amounts. Again,
the majority of energy emitted by the Sun is visible light. Point to the visible light area on the poster and ask
what the students see (a rainbow).

2) Ask students if they’ve ever seen a rainbow. Ask them to describe what a rainbow is. Take the students
outside into the sunlight, and with the prism, demonstrate how light can be separated into (and therefore is
comprised of) all the colors of the rainbow. Explain that the visible light/energy from the Sun is passing through
the prism and is being split into the colors Red, Orange, Yellow, Green, Blue, Indigo, and Violet. Explain that
each color is a different wavelength of light—red being the longest (wavelength is ~650 nanometers) and violet
being the shortest (wavelength is ~400 nanometers)....again, about the size of a pinpoint.

3) Back inside the classroom, pass out one ~3” X 11" strip of paper to each student, and using markers or
crayons or the like, have them create a rainbow with it.

4) When they are finished making their rainbows, read aloud (or ask a student to do so, or distribute copies of)
The Navajo Story of the Rainbow. It may be helpful to collaborate with a cultural expert here. Reflecting on the
story, have students write what the colors and the rainbow itself symbolize on the back of their rainbow strips.

e Red represents Earth color

e Yellow represents pollen

¢ Blue represents the sky

e There are songs of the Rainbow in the Blessing Way Ceremony

e The Rainbow is used in the sand painting for healing

e Rainbow symbolizes protection of home and land

This rainbow strip will be used in the CRADLEBOARD activity, so you can collect them or ask the students to
keep them in a safe place for later.
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Supplemental Material

The Navajo Story of the Rainbow

Johnson Dennison, Navajo Traditional Practitioner

The rainbow is a significant symbol in the Navajo culture. It is a sacred image of a path between
Earth and Heaven, the spirit world. The Navajo oral storyteller tells that the Hero twins were on a
journey to see their father, the Sun, when they noticed a rainbow appeared in the eastern sky. The
younger brother told his older brother that the rainbow was appearing for a reason. The wind spirit
whispered into the older brother’s ears and said, “Step up on the rainbow, it will lift you to the spirit
world to visit your father, but your father is a dangerous person.”

As they were told, they stepped onto the rainbow and it lifted them to a world above. They noticed
it was a world identical to the Earth’s surface. From there they visited their father, but he was angry
with them and asked them to prove to him that they were truly his sons. He tested them through
hardships such as trying to freeze them at a very cold place for the night, and trying to suffocate
them in a sweat lodge with extreme heat. With the help of the spirit people, they survived. The

last test was to make them smoke poison tobacco, but again a spirit helped them to overcome

the poison tobacco. Today, there are two kinds of tobacco, one group of tobacco is used for
healing and blessing and is used only in ceremonies. On the other hand, there are some dangerous
tobaccos which cause mental and physical illnesses and they are not ritually used in ceremonies.

The final test was their knowledge of the Earth and Universe. They were asked many questions
about the names and representations of the Earth’s surface and the things in the Universe. One

of many questions asked was the representation of rainbow and colors. Again, the wind spirit
informed the twins that the red represents the Earth color, yellow represents pollen, and the blue

is the color of the sky. They told their father when the Sun’s rays and the water mix, the rainbow
appears. It is most significant when two rainbows appear at the same time, as it represents both of
the hero twins. For this reason, there are songs of the rainbow in the Blessing Way ceremony and
the image of the rainbow is used in the sand painting for healing, too. The Talking God also uses
the rainbow for protection of home and land. This is the reason Navajo’s say the rainbow surrounds
our land every day to protect us from any harm.

There was also a Spider Woman who lived in the ground where she was visited by the hero twins.
The twins learned that the Spider Woman has the knowledge and skills to weave. The twins didn’t
learn to weave but later they asked their mother, Changing Woman, to learn to weave from the
Spider Woman. She learned the art of weaving and later taught her children, the Ding, to weave.
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However, the Spider Woman taught the twin boys that the colors of weaving threads are from the
colors of the rainbow. The different colors of the Earth and Universe are the tapestry of creation.
That is why Diné women have the ability and creativity to weave in the way creation was woven
together by the Sun’s rays, and is visible through the rainbow. In this way, the rainbow is the symbol
of beauty and creativity. The Navajo women have been the best weavers for a long time, and the
younger generation is still carrying on the art of weaving. It is a wonderful skill the Spider Woman
taught the Changing Woman, who then taught the Navajo to become good weavers.

Lesson Three: What Determines the Color of an Object?

Learning Objective: Students will understand that the color of an object is determined by which colors
(wavelengths) of light are absorbed by the object, and which reflect off it.

Description: A discussion and demonstration using a tennis ball or students’ colored shirts.

Materials Needed: Tennis ball, optional.

How To

1) Recall that because of the first demonstration, the students now know how it is that we see objects
(because light from the Sun reflects off of them), and because of the second demonstration, they now know
that visible light is made up of colors, or energy of varying wavelength.

2) Ask the students, if all the colors of light are coming from the Sun, why are some objects green, and some
blue, and some red? Explain that this is determined by the properties of the object that the light is falling
upon. Bring out a tennis ball, or have a student who is wearing a solid color shirt stand up in front of the class.
Ask why the students think the tennis ball is yellow or the student’s shirt is of a certain color. Lead the line of
questioning toward remembering prior discussions of reflection. Explain that all the colors of visible light are
hitting the ball or shirt, but some wavelengths/colors are absorbed by the material the object is made of, and
some wavelengths/colors are reflected off the object into our eyes.

Ask students which wavelength/color they think is reflecting off the ball or shirt into their eyes (the tennis ball
reflects yellow for example). Ask students which wavelengths/colors were absorbed by the ball or shirt (all
the others!). If there is a student wearing a red shirt, the answer would be that the red wavelength is being
reflected, and all the other wavelengths of light are absorbed by the material the shirt is made of. What if the
student’s shirt is white? The answer is that ALL the wavelengths are being reflected and none are absorbed.
If the shirt is black, then NONE of the wavelengths are being reflected, and they’re all being absorbed. The
discussion can be widened to discuss why snow is white or rock formations in the Southwest are red-orange.
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Lesson Four: What Does Invisible Light Reveal?

Learning Objective: Students will understand that the light/energy from the Sun that reflects off the Moon
can be collected by scientific instruments and analyzed to determine the rock types that comprise the Moon.

Description: In this activity, students will examine images of the Moon and discuss how the light/energy
from the Sun, as it reflects off the Moon and into scientific instruments, reveals the mineral/rock composition
of the Moon.

Materials Needed: Our Moon in a New Light poster, provided as an external supplement to this
Educator Guide.

How To

1) Referring back to the Electromagnetic Spectrum poster, reiterate that our eyes are good instruments for
detecting the light/energy in the visible part of the spectrum. Ask students, Is it possible for us to “see” in other
parts of the spectrum? Can we “see” in the infrared, for example? Can we “see,” like Superman, in the X-ray?
Explain that indeed there is a way —we use specialized instruments to detect the other forms of light/energy

in the spectrum. For example, scientists use instruments called reflectance spectrometers to “see” the light/
energy emitted in other parts of the spectrum. These spectrometers can be used to study the composition of
objects like the Moon.

2) Explain that while our eyes observe a world of objects illuminated in countless combinations of colors,
details of what those objects are made of are not revealed by visible light alone. But viewing the objects with
light/energy of other parts of the spectrum, those details can be revealed.

Focusing on the Moon to explore this concept, ask students what colors they see when they look up at the
Moon just with their eyes (point to the ‘black and white’ image of the Moon in the upper right hand corner of
the Our Moon in a New Light poster). The answer is that most of what we see is white, therefore most of the
rock that makes up the Moon'’s surface reflects all the colors of visible light. Some of what we see is dark or
black, therefore reflecting none of them.

3) Now ask students what they think will be revealed if they pointed a reflectance spectrometer at the Moon
(point to the large image of the Moon on the left center of the poster). More information about the Moon is
revealed! Explain that the colors in the image REPRESENT different rock and mineral types that are revealed
by the spectrometer’s measurements. The red, orange, and yellow areas have more of iron-containing
minerals, while the blue areas have more aluminum-containing minerals. By “seeing” the Moon in different
wavelengths of light/energy, its geological complexity is revealed!

4) Conclude by explaining that while all we see of the Moon with our eyes are black and white rocks, there is
actually a very rich diversity of rock types present.
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The image on the left represents different rock types and shows the geologic
complexity of the crater. The image on the right is approximately what is seen with the
human eye. Image Credit: Brown University.

Homework (or In-Class) Assignment: Color and Light, Unity and Diversity
The students have learned several concepts in the last few lessons. Make the following list of things they have
learned on the board:
e Color is a property of light.
e On Earth, we experience one light source (the Sun), which has many components (colors of visible
light, ultraviolet light, infrared energy, etc.).
e Much can be revealed by “seeing” with invisible light/energy.

Have students “reflect” on these lessons and write a short essay about people “of color.” With their new
understanding that all the colors we see come from one light source, the Sun, have the students write about
the idea that despite our different “colors,” people are more unified than diverse. What can we learn about one
another if we “see” each other in the invisible? Students can write their essay in their Moon Journals or on a
separate sheet.

REFLECTION, PART TWO - K’é

Lesson One: Linking Light and Reflection to K’é

Description: This activity synthesizes the material covered above and links it to the upcoming material
below. Building on the previous lessons of light, reflectance, and the Moon, this activity will invoke the
principles of K’é that have to do with self awareness, and the awareness of others. Students will be introduced
to the concept of K’é. They will hear a short poem about “reflections” and create a drawing to accompany it.
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How To

1) To review the principles of reflection as demonstrated in the activities above, ask students what they have
learned about light and reflection, creating a list on one side of the board that includes these concepts:

¢ We see objects because light reflects off of them into our eyes.

e Visible light is a type of energy emitted by the Sun.

e Visible light is made up of the colors of the Rainbow.

e There are other types of energy emitted by the Sun, but our eyes aren’t sensitive to them.

e Scientific instruments that are sensitive to other types of energy can be used to reveal much more

about an object than visible light alone reveals.

Ask if students have heard of K'é and what they know about it. Introduce the concept of K’é by reading aloud
this excerpt from K’é —Positive Relationships (full text provided in Supplemental Material, below):

“The universal law of the Navajo cosmology is reflection. The things we see with our eyes are the reflections

of everything that exists. If there is no reflection, we will not be able to see anything and it will be dark. The
Sun’s light is a source of reflection and shows us the world to guide us everyday. In our culture, there is another
reflection which is very important and it is the reflection of our own personality. How we relate ourselves

to people is how their attitude reflects back to us. If we treat people in a positive manner, they will treat us

well in return. If we treat people in a negative manner, they will not want to be near us or treat us negatively.
Therefore, the positive relationship becomes important in our culture so we will be able to have harmony and
balance in our society. To practice positive relationship, we practice the concept of K’e.”

2) Work the teachings in this excerpt into an interactive discussion. For example, ask students, What is a
reflection? How do you think people will treat you if you treat them positively? If you treat them negatively?
Create a list of their responses on the board next to the list above, including these concepts:

e One’s personality reflects off others around us and the environment.

e How we relate ourselves to people is how the people’s attitude reflects back to us.

e If we treat people positively, they will treat us well in return.

e |f we treat people negatively, they will treat us poorly in return.

3) Share the short poem below with students by writing it on the board. Have them copy it down in their Moon
Journals or on a separate sheet. As an in-class activity or homework assignment, have students create a
drawing to accompany the poem.
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The Moon is reflecting the Sunlight
The water is reflecting the Moonlight
My eyes are catching the reflections

My mind is a reflection of the creation
which becomes my vision

Johnson Dennison, Navajo Traditional Practitioner

Lesson Two: What Is K’é?

Learning Objective: Students will understand that K’¢ is a system of relationships in which their actions
reflect back onto themselves through their families, their communities, and their environment.

Description: Students will study and “act out” the concepts of K’é. In class or while looking in the mirror at
home, students will create a list of characteristics and attributes to describe themselves. Then students will walk
around the room and collectively create lists of characteristics and attributes they ascribe to each other student.
These two lists will be used in the CRADLEBOARD activity.

Materials Needed: K’é—Positive Relationships and Empowering Values of the Diné Individual worksheet,
both provided in Supplemental Material, below; a traditional Navajo basket, optional; one sheet of plain paper for
each student, cut in half lengthwise; a strip of plain paper for each student, ~3” X 8.5”.

How To

1) Begin by reading aloud the first section of K’é —Positive Relationships. It is strongly encouraged to
collaborate with a cultural expert to discuss the concept of K’é with the students. The text briefly references the
Navajo basket, which you may wish to bring in to show the students, or have them bring in examples from home.
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2) When you come to the section of K’é —Positive Relationships that contains the First, Second, Third, and
Fourth Teachings of K’¢, read each one aloud (or have a student do so), pausing after each one to have
students act out the principles discussed in each one. For example:

First Teaching of K’é: in this section the text talks about the value of self esteem, positive self awareness, and
appreciating oneself. Choose two students to come up to the front of the room, standing in the East direction,
and create a situation in which to model this behavior. In this suggested scenario, one student describes
something that s/he does or participates in that raises his/her self esteem, and discusses why it raises his/her
self esteem (sings in a chorus, plays on the basketball team, participates in ceremonies with relatives, etc.).
The other student describes something s/he has done that caused him/her to appreciate him/herself (an act of
kindness, “good Samaritan” work, volunteering, etc.).

Second Teaching of K’é: in this section the text talks about the importance of greeting people appropriately
and respectfully, and expressing relationship appropriately. For example, select two students who know and
can recite their own clan affiliation to come up to the front of the room, stand in the South direction, and create
a situation in which to model this behavior. In this suggested scenario, the students pretend they are meeting
for the first time. They greet one another by saying Ya’at’ééh and shaking hands. Then each one introduces
him/herself by reciting his/her clan affiliation. Facilitate a discussion about how this behavior demonstrates
respect and promotes positive relationship.

Third Teaching of K’é: in this section the text talks about the value of being part of a team and cooperating
with others. Choose two or more students to come up to the front of the room, standing in the West direction,
and create a situation in which to model this behavior. In this suggested scenario, three students pretend they
are all brothers/sisters planning a surprise birthday party for another of their siblings. They discuss what each
one is doing to contribute to making the party a success. Facilitate a brief discussion about how working
together in this way illustrates cooperation, and the value of being part of a team (for example, when you’re
part of a team, you don’t have to carry the burden of responsibility for everything on your own).

Fourth Teaching of K’é: in this section the text talks about the value of reflection, self analysis in a situation

so improvements can be made, forgiveness in conflict, and trust. Choose three students to come up to the
front of the room, standing in the North direction, and create a situation in which to model this behavior. In this
suggested scenario, one student will be the teacher, and the other two are students in his/her class. Student

1 approaches the teacher and declares angrily that someone has stolen his/her favorite book. The teacher
addresses the class, asking if anyone has the missing book. Student 2 comes forward and says that yes,

s/he has it—s/he found it on the floor, didn’t know it belonged to anyone, and took it. Student 2 gives the book
back to student 1, apologizes for taking it, and admits that s/he shouldn’t have assumed it didn’t belong to
someone. Student 1 thanks student 2, and admits that s/he should not have left his/her things laying around,
and should not have automatically assumed someone had stolen it. Facilitate a discussion about how the
behavior of both students demonstrates reflection and self analysis toward the promotion of trust.

3) As you lead the students through each of these four teachings, you may also wish to create a vocabulary
diagram on the board that features the concepts discussed within each one, and the Navajo words for each
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one. Such a diagram could take the shape of a circle, much like the Moon Calendar, with the First Teachings
of K’é represented in the East, the Second Teachings of K’é represented in the South, the Third Teachings

of K’é represented in the West, and the Fourth Teachings of K’é represented in the North. Include as much
information in each direction as you wish, perhaps even mapping the information onto the Moon Calendar.
For example:

East: Practice K’¢é by appreciating and accepting oneself, creating positive self esteem, building self
confidence, and treating body, mind, and spirit in a respectful way.

South: Practice K’¢ by communicating your awareness of positive relationships to others by using the Navajo
greeting “Ya’at’ééh,” praising others, using positive language, and listening to others.

West: Practice K’é by respecting those around you, being loyal to your family, classmates, and community,
being a team player, and working in cooperation.

North: Practice K’é by reflecting on your actions, engaging in self-analysis, forgiving others, and working to
build trust.

Homework (or In-Class) Assignment:

To each student give one half of a plain sheet of paper, cut in half lengthwise so it’s still 11” long. While looking
at their own reflection in a mirror at home, ask students to reflect on what they see. Who, what do they think
they are? Ask students to make a list on that sheet of paper of the characteristics and attributes that they
think best describe them, such as tall, short, kind, generous, sarcastic, funny, quiet, or anything else that
comes to mind. Suggest to the students that this is an opportunity to practice the first teaching of K’é. Make
sure the students focus on more than just physical attributes. If given as homework, have students bring their
lists with them to class the next day.

4) Afterward, or the next day in class, give each student the other half of the paper and a piece of tape, and
have each student write their name at the top, and tape the paper to their desk. Then have all the students
get up and walk around the room, and write at least one characteristic or attribute that best describes how
they “see” each other student, thereby generating a second list of attributes for each student. Make sure they
focus both on visible (physical) and invisible (personality) attributes, and ensure students understand this is an
opportunity to be kind to one another. Both lists will be used in the CRADLEBOARD activity.

*Alternatively, give a single sheet of paper with a line drawn down the middle to each student. First have the
students go around to each others’ desks and write attributes about each other on the right side. Then, when
students are back at their own desk, have each make a list about him/herself on the left side. This entire sheet
will be used in the CRADLEBOARD activity.

5) Back in their seats, ask the students to put both lists on their desk. Have them examine the two lists, and
write in their Moon Journal or on a separate sheet about how the two lists compare. Facilitate optional, in-
class sharing.
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6) At this point, pass out a copy of the Empowering Values of the Diné Individual worksheet to each student
and ask them to read it carefully. Have students circle at least three values that they feel they need to embody
more often in order to increase or improve their practice of K’é. Ask students to write in their Moon Journal or
on a separate sheet about which values they chose, why they chose them, how they will enact them, and how
enacting them will enhance their practice of K’é. Facilitate optional in-class sharing. You may wish to

use some of the terms used in the Empowering Values sheet to create vocabulary assignments or lists on

the board.

7) Pass out one ~3” X 8.5” strip of paper to each student, and have them write down their favorite attributes
from both lists, as well as the three Empowering Values they chose for themselves. This paper will be used in
the CRADLEBOARD activity.

8) As a capstone exercise to bring together both the Light and K’é parts of the REFLECTION unit, have
students revisit the essays they wrote in the Color and Light, Unity and Diversity homework assignment.
Recalling the lists on the board created in the Linking Light and Reflection to K’é lesson, and the circular
diagram of K’é teachings created in the What is K’é lesson, have students add to their essays, and discuss
how—just as the Sun emits light which reflects off of objects and illuminates them —we project our personality
onto others, and their attitudes and behaviors reflect back to us, illuminating ourselves.
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Supplemental Material

K’é, Positive Relationships

Johnson Dennison, Navajo Traditional Practitioner

The Navajo basket is woven from the natural plant of the Navajo land, sumac. The basket design
depicts earth, mountains, water, and sky. The red streak surrounding the inner circle symbolizes
the Earth. The center where the weaving of the basket starts and spirals upward symbolizes the
emergence of the Holy People as they have emerged into this world from the world underground. It
is also a symbol of how a human being emerges into the world through birth. But when the deities
emerged into the world from the world below, they found themselves standing on a little island,
surrounded by water. They saw a red streak surrounding the water’s edge which was the Earth soil.
The mountains surrounding the water reflected down on the water’s surface. The Navajo basket
was designed accordingly.
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The universal law of the Navajo cosmology is reflection. The things we see with our eyes are the
reflections of everything that exists. If there is no reflection, we will not be able to see anything and
it will be dark. The Sun’s light is a source of reflection and shows us the world to guide us everyday.
In our culture, there is another reflection which is very important and it is the reflection of our own
personality. How we relate ourselves to people is how their attitude reflects back to us. If we treat
people in a positive manner, they will treat us well in return. If we treat people in a negative manner,
they will not want to be near us or treat us negatively. Therefore, the positive relationship becomes
important in our culture so we will be able to have harmony and balance in our society. To practice
positive relationship, we practice the concept of K’é.
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The Navajo concept of K’é is well organized, but it can also be complicated, much as the Universe
and our bodies are well organized, yet complicated as well. For example, the human body has
relationship with the Universe. When we see the morning star, our heart beats to keep our body in
motion with the energy.

Partnership: the Earth and sky are in partnership to create things in place so there will be life. This
means that the Earth and the sky cooperate through positive relationship. The teaching of K’ will
establish a partnership through positive relation, whether it’s with a spouse, colleague, classmate—
something we call socialization.

Stabilization: good relations create a stable relationship. To have a positive relationship among
our family, we learn to work together, socialize together, and support each other which will give us
a feeling of worthiness. All of the principles above are the practicing of the positive relationship,
which is simply worded, K’é.

The Navajo philosophical perspective of life is based on the natural phenomenon of the Universe.

It begins with a respect of the Sun that rises in the East, travels the Southerly direction, and sets in
the West. The Navajo have always believed that the supreme spiritual forces that move and govern
all living things on Earth come from the light energy of the Sun and stars. All living beings depend
on this energy —that includes animals, plants, reptiles, and humans. The Navajo have a belief
system and practices to respect the spirit of the Sun by greeting the sunrise every morning. To
practice this belief system, one must rise before the Sun rises and go out of the Hogan door which
faces the East in the direction of where the Sun rises daily. This is why the Navajo live and dwell in
the Hogan with an entrance to the East.

The approaching sunlight creates predawn light. The Navajo believe that when the dawn light
appears in the eastern sky, it is the beginning of the new day and ending of the previous one—
unlike Western practices where the day ends at midnight. In Navajo culture, when a day begins

at dawn, the universal mind also appears with the dawn light. It is a time to rejuvenate your mind
by getting out of bed and offering your prayer during the dawn light, and run or walk to exercise
your mind, body, and spirit. In this way, new ideas come into your mind and your ability to think is
stronger throughout the day. This is why we use corn pollen at dawn to offer our prayers, run, and
exercise to nurture our bodies so that we will be strong and develop good thoughts and good plans
throughout the day.

The most fundamental principle of living a good life is positive relationships. We are related to

the Earth, Sun, Universe, and all living beings. This principle reminds us to have a good positive
relationship with oneself, which is having positive self esteem. In this way, we build self confidence.
When we have confidence with ourselves we have good confidence in our relationships with

others. According to the Navajo four cardinal directions, East represents thought, South represents
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planning, West represents accomplishing, and North represents reflection. These are the ways that
we practice positive relationship, K’é.

The First Teaching of K’é:

Being conscious of positive relationships comes into our mind and is represented by the East.
When we’re conscious of positive relationship, then we are aware of our surroundings and we
interrelate with them as nature or people. There are several principles to practice being conscious
of positive relationship and they are:

e Adaa’akohwiinidzin: One must always have a good, positive self awareness as you go
along to live or work with people.

e Hwit'ili: One must always be respectful of other people you meet everyday. This includes
being respectful of your surroundings at home, in the classroom, and in your community.

e Ha'dhwiiniti’i: One must always be cheerful and positive with others. Always have a smile
and greet people appropriately. In Navajo culture we shake hands and say “Ya’at’éeh.” In
western culture we say “Good Morning.” One of the ways to be cheerful is learning how to
greet people. One must always be generous and courteous when greeting another person or
receiving a visitor in your home or at workplaces and schools.

e Hahdzho: One practices being pleasant and the best practices are verbal greetings, a smile,
or a hand shake.

e Ahééhjinizin: One must learn to appreciate oneself and others. When you appreciate
yourself then you develop positive self esteem. To begin appreciating yourself is to accept
yourself as a person. To treat your body, spirit, and mind in a positive respectful way. So
that your body will be happy and your mind will be happy. In the Navajo culture, one must
not abuse his or her body and mind. To appreciate others means to begin to accept others
as brothers and sisters in your family or accept your classmates as the way they are. In this
way you will be admired by other people. This will energize your spirit. Be appreciative of
your life, relatives, friends, home, and the opportunities to make the best use of everything
you have and use.

The Second Teaching of K’é:

Communicating and expressing your consciousness of positive relationship to others. The first
principle from the South is to say “ya’at’ééh” which is a Navajo greeting. The literal translation

is all things are in place—the creation is all in place. The second principle is that one should not
hesitate or be reluctant to use positive language like “I’m glad you’re here.” It is always appropriate
to praise someone. Through using positive language, we will always remember and value a
relationship with a person who practices positive expressions. One maintains the principle through
listening to and understanding others. It’s important to listen to your relatives and parents when
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they talk and listen to the people you meet. It doesn’t matter if you agree with what they’re saying
but you should always respect them and listen to them.

e K’é bee yajitti": It is always important to express your relation by using the kinship names at
home; Shima—my mother, Shizhe’é —my father, Shicheii—my grandfathers, Shadi—older
sister, Shideezhi—younger sister, etc.

e Saad ya’at’éhigii bee yajitti’ k’é jiniigo: Always use appropriate and respectful language
to relate to your family, classmates, and other people.

e K’'é binahjj’ aka’anijilwo”: Practice the role of taking care of others and help others when
needed.

e Athiz diits'a’ d6d atk’ehoji: One must use the appropriate language for understanding and
working together.

The Third Teaching of K’é:

This teaching is represented by the Westerly direction where the twilight appears in the evening and
a sacred mountain. The teachings of the elders is to maintain how to have a respectful relationship
in the family and with all relatives. The principles are:

e K’'é bee adaa’adkohwiinidzin: It is always a good practice being dedicated and loyal to your
family, classmates, and community through positive relationship. It is like a team.

e Diné hwit nili: It is important to respect each member of your family, classmates, and
community members so when they are respected, they will respect you in return.

e Alk’ehojil’{: It is very important to have a cooperating relationship with your family,
classmates, and coworkers to maintain positive relationship.

The Fourth Teaching of K’é:

This teaching is represented by the North direction, and it is to keep the relationship strong by
self analysis so you could make changes and improvement. Your self analysis will show you how
people perceive your personality. In this way, the reflection of your personality is known by your
family members, classmates, or your co-workers. Generally speaking, most people will refer to a
person as a hice person or a grouchy person. These are the principles:

e Diné baa jijooba”: It means you have a sense of being part of a group relationship. If there
is a conflict, you can forgive to strengthen the relationship.

e Nizhdnigo athaa nitsahakees: It is very important that you have positive thoughts about
your family members, classmates, and people in general.

e Athizhjota”: It is always good to have a trusting relationship which builds teamwork at home
or in the workplace.




K’é is a window of opportunity to show you interesting people. Not everyone is mean and grouchy!
You will find some very friendly people who are willing to teach you and help you. These were the
basic teachings of the Navajo people as they socialized, worked together, and lived together.
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Empowering Values of the Diné Individual

Ho6zhQgjik’ehgo Nanitin

(Blessing Way Teachings)

Ha ahwiinit’j

Be generous and kind.

K’ézhnidzin

Acknowledging and respecting kinship and clanship.

Hane'zhdindzin
Seek traditional knowledge and traditions.

Hwit (hol) il{
Respecting values.

ada hozhdilzin
Respecting the sacred nature of the self.

Hazaad baa ahojilya

Having reverence and care of speech.
Hazhd’6 ajitsts’ad’

Being a careful listener.

Ahééh jinizin

Being appreciative and thankful.

Hanitsékees k'ézdongo ajésin
Having a balanced perspective and mind.

Ha hdézho

Showing positive feelings toward others.

Dloh hodichi ya’atéhigii hazhé’é bee yajitti’
Expression of appropriate and proper sense of humor.
adit jidlf

Maintaining strong reverence of the self.

Hanaanish ajitiinii bizhneedl|
Maintaining enthusiasm and motivation for one’s work.

Hanaanish baa haah jinizin
Protect and care for one’s work.

Naayée’eek’ehgo Nanitin

(Protection Way Teachings)

Doo hwil héyéeda
Never be lazy.

Doo adahozhdeelda da
Never be impatient.

Doo t'dadoole’é bich’{’ ni’ jiljj da
Do not be hesitant.

Doo hani jizh'aa da

Never be easily hurt.

Doo ak’e’ jidlii da

Never be overly emotional.

Doo ni’ na’dhozhdiilté da

Do not be overly reluctant.

Doo adaah yajitti’ da

Never be overly argumentative.
Dadilzinii jidisin

Respect the sacred.

Doo t'dadoole’é ade’ ajilnéeh da
Do not overburden the self.
azhdiltt'is

Have self discipline and be prepared for challenges.

Na’adizhnitaah
Asserting the potential.

Doo yazhnizin da
Do not be shy.

Doo njichxQ’ da
Do not get mad.

Doo ach’{’ ni'jodlii da
Do not carry around expectations of negative
circumstances.

Office of Diné Culture, Language, and Community Services, Navajo Nation Department of Diné Education
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Lesson One: How Did Our Solar System Form?

Learning Objective: Students will understand that the Sun, planets, and other bodies in the Solar System
were all formed together as a system, and that the process of star and planetary system formation is a cycle.

Description: In this activity, students will watch a video and enact a prescribed set of movements to
simulate the scientific explanation of the formation of the Solar System. You may want to precede this activity
with the CYCLES IN THE CARDS activity from the SQ” Baa Hane’ booklet.

Materials Needed: Star and Planetary System Formation clip on DVD, provided.

How To

1) Begin by asking students what they know about how our Solar System formed. Ask them what they think of
when they hear the word “system.” Explain that the Sun, planets, and other bodies like comets and asteroids
in our Solar System all formed together, at the same time, as a system, and are therefore all related. Explain
that the raw material needed for the system to form was put in place by older stars as they died (supernova).

2) Play the Star and Planetary System Formation clip on the DVD. This sequence explains the basic concepts
involved in Solar System formation (see Background Material section below for more information), which you
can discuss during or after the video. Be sure to emphasize the concept of supernova portrayed in the DVD—
that a dying star blasts it outer layers into space, and how that material is the raw material from which new stars
and planetary systems (and even life!) can form. 1t may be helpful to play the DVD clip more than once.

3) You may wish to do this activity outdoors or in a large space such as a gym. Gather all the students
together, standing up, and explain that they are going to act out the formation of a planetary system like our
Solar System (note, this activity builds upon the MOVING WITH THE STARS activity from the SQ” Baa Hane’
booklet).

4) Assign half of the students to be the STAR, and the other half to be the PLANETS (note, in reality, much
more than 50% of the material in the disk will become the star). It works best if you can form at least two
PLANETS. If you have 30 students, consider assigning 15 to be the STAR, and 5 each to PLANET 1, PLANET
2, and PLANET 3. Work with the students and have fun deciding which kind of planet each group wants to be
(gaseous like Saturn or Jupiter, rocky like Mars or Earth, icy like Jupiter’s moon Europa, etc.). If you decide that
the planets should be of differing size, assign more or fewer students to each planet.

It may be helpful to assign students their roles and practice each role beforehand, perhaps the day before. It
will also help to organize the students by color, for example, the STAR students could wear yellow shirts, the
rocky planet students could wear green, the gaseous planet students could wear orange, etc.
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All the students will begin as random particles zooming around. With different color shirts on, it will
become clear how the material in the disk is initially mixed, but then becomes organized as the STAR
and PLANETS form. Each student should be randomly wandering around the space, sometimes
touching, mostly on their own, moving in all directions—but not too far away from one another—
mimicking the random movement of particles in a nebula. The teacher, or another person who is not
moving around randomly, then moves through the group, arms out wide, mimicking the energy-wave of
a nearby supernova event.

This person moves in one direction, quickly, through the group (for example, left to right), as a shock
wave. All the randomly moving students respond to this energy. In its wake, the STAR students begin
to cluster, and spiral in toward each other. First, two people find each other and stick together. Then
more join them in a swirling pattern. Eventually all the STAR students are together, very tightly packed
into a round shape in the center of the space — mimicking a sphere; the shape of the Sun.

Meanwhile, the PLANETS students respond to the energy as well. They, rather than falling into the
center and coalescing into a tight sphere like the STAR students, begin to create the circumstellar disk
by swirling clockwise around the young star in the center. The motion of the PLANETS students is still
random, even though they have begun to “orbit” the star.

The individual movements of the STAR students in this tightly packed group are fast—arms and legs
and heads and torsos swaying randomly, everyone pressing together and moving throughout the
sphere, but maintaining the shape of a sphere. On cue from the teacher, the STAR students raise their
arms above their head and begin wiggling their fingers —mimicking the “ignition” of the star.

As the STAR students go through the process of ignition, the PLANETS students are meanwhile
crashing into one another, first two students collide and stick together, then another joins, and perhaps
another—all while still orbiting the star in the center. Planets can continue to begin to form before the
star ignites and continue afterward. At the end, all the PLANETS students should be grouped into a few
planets of different size, each planet orbiting the star in the middle, but at a different distance from the
star, again, much like the planets in our Solar System do. As this process finishes, the STAR students
should remain ignited.

5) Ask students to write in their Moon Journals or on a separate sheet about what they learned by acting out
the scientific theory of Solar System formation. You may wish to use some of the terms used in the video and/
or in the Background section below to create assignments or vocabulary lists on the board. Here is a list of
terms and definitions:

Accretion: the process of growth or enlargement by gradual build-up. In star and planetary system formation,
material accretes (or aggregates or accrues) together to form the star and each of the planets and other bodies
in the system like asteroids or moons.
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Circumstellar Disk: also called a protoplanetary disk, it is a flat, CD-shaped disk composed of gases and
dust that spins around a young star much like a record spins on a record player. The material in the disk will
give rise to any planets and bodies that eventually orbit the star.

Gravitational Pull: is the force one body exerts on another, attracting it. The force of the pull is directly
proportional to the mass of the object; the more mass an object has, the more gravitational pull it can exert.

Nebula: from the Latin word for cloud, a nebula is a large, diffuse cloud in space composed of gases and dust.
Many nebulae (plural) are regions of active star formation.

Planetesimal: a solid object within a circumstellar disk that formed through the process of accretion of gas
and dust grains. After it reaches a certain mass, its gravitational pull attracts more and more material from the
disk to it, increasing its size. If enough material is gained, it can become a protoplanet, and maybe even

a planet.

Supernova: an extremely luminous stellar explosion in which the outer layers of an old and very large star
are blasted off, expelling much of the star’s material and a burst of radiation, driving a shock wave into the
surrounding space.

Background Material

Stars and their planetary systems form in regions of space called nebulae, where the raw material (provided by a
previous generation of stars) and conditions necessary for formation (often provided by the energy/shock wave
from a nearby dying star) are present. The raw materials consist of 1) gases such as carbon monoxide and
hydrogen gas, 2) dust, meaning small rocky particles such as silicates like beach sand, minerals such as olivine,
carbon-containing particles like charcoal dust, and 3) ices such as water ice.

The particulate matter and gases are extremely diffuse and have a random motion. A pressure blast, or “wind”
such as the radiation produced from a nearby dying star (supernova) can cause the diffuse material to begin to
coalesce and increase in density. At a certain point, when enough material has come together, it will eventually
become a discreet star. The small, growing star is often surrounded by a circumstellar disk of dust and gas,
spinning around it like a music CD or Frisbee, with the young star in the center (circumstellar means “around a
star”). Through a process called accretion, the material will condense further into the growing star. The more
mass it gains and the larger it gets, the more material will be attracted to it via its gravitational pull. In this way,
it gains even more mass and gets even larger. Eventually, the density of material reaches such a high level

that the nuclei of the atoms in the gas and dust are under such pressure that they fuse, and begin to form new
elements. Huge amounts of energy are given off in the process which we observe as heat and light.

As the diffuse material in the circumstellar disk continues to spin around the young star, small bodies may begin
to form within the disk. Most of the gases and dust grains in the disk indeed continue to “fall into” the young
star, but some of it also begins to collide within the disk and, also by the process of accretion, “planetesimals”
start forming. Just like the star, the larger the planetesimals get, the more gravitational pull they have, the more
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matter they can attract and accrete, therefore the larger they get, and so on! Some of these planetesimals may
yet be accreted by the growing star in the middle but some may go on to become discreet planets which will
eventually orbit the star, just as the planets in our Solar System orbit our Sun today.

Artist’s conception of the formation of a star and planetary system. Image Credit: JPL

Lesson Two: How Did the Moon Form?

Learning Objective: Students will understand that the formation of the Moon was part of the initial
formation of the Solar System.

Description: This activity builds on the prior one. In this activity, students will watch a video and enact a
prescribed set of movements to simulate the scientific explanation of the formation of the Moon.

Materials Needed: Moon Formation clip on DVD, provided.

How To

1) Ask students, having just experienced how the Solar System formed, how they think the Moon formed.
Explain that the formation of the Moon took place inside the circumstellar disk that they just acted out. Explain
that one of the planetesimals/small bodies that was forming within the disk (about the size of Mars, smaller
than Earth) collided with the young Earth—a great cosmic collision!

THéhonaa'éi Nihema - Navajo Moon



2) Play the Moon Formation clip on the DVD. This sequence explains the basic concepts involved in

the formation of the Moon (see Background Material section below for more information), which you can
emphasize during or after the video. Reinforce that what they are seeing on the DVD is going on within the
circumstellar disk that they just acted out. You may wish to play the DVD clip more than once.

3) This activity repeats most of the movements in Lesson One, with a few minor adjustments to bring in the
Moon formation simulation. But before bringing the Moon-forming collision into the series of movements,
practice the collision first! Again, you may wish to do this activity outdoors or in a large space like a gym.

Assign ~1/3 of the students to be the SUN, another 1/3 to be the PLANETS (at least two groups, one gaseous
and one rocky), and divide the final 1/3 into the EARTH and the MOON (at least 4-5 students each for the Earth
and Moon). If you do both this activity and the first one in the same day, you may want to ask some students
to bring a different color shirt (white?) so they can play the role of the Moon in this part. Ask the EARTH and
MOON students to come forward to practice their roles while you (or another student) stand in the center,
representing the Sun:

Begin the practice session by having the MOON and EARTH students each individually orbiting clockwise
around a single student representing the Sun. One by one, they are drawn to and collide with each other,
forming two small planetesimals: the MOON students coming together and the EARTH students coming
together. Once both groups are coalesced into small planetesimals, have them prepare to collide. Set them on
a collision course!

As in the video, stage the collision dramatically! When the MOON group hits the EARTH group, have all the
MOON students and one or two of the EARTH students break up and for a moment seem like they’re going

to zoom away and join the larger circumstellar disk, but then come in closer to the EARTH and begin to
individually “orbit” it, creating a mini-disk within the larger disk. Remember that the new EARTH/MOON system
should still be orbiting around the Sun in the middle!

As the disk of individual MOON students orbits the EARTH group, have them one by one be drawn together
and collide, eventually forming the whole MOON, which is still orbiting the EARTH. As the MOON students are
colliding and re-forming, the EARTH students that scattered after impact can rejoin the EARTH group.

When everyone is ready for the real thing, begin again. As before, all the students will begin as random
particles zooming around in a nebula.

Following the same directions as in Lesson One, guide the students through the ignition of the star

and the initial planet formation within the circumstellar disk. Have the MOON, EARTH, and PLANETS
students form as before, spinning around the SUN. SUN students should go ahead and reach ignition.
The MOON and EARTH students should be coalesced into small planetesimals, and be ready to collide.
Make sure the PLANETS students have created enough space in the disk for the MOON and EARTH to
collide.
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As they practiced, again stage the collision dramatically! Make sure students take their time, and act
out the formation of the MOON (and reformation of the EARTH) carefully after impact. Remember

that the new EARTH/MOON system should still be orbiting around the young SUN in the middle!
Meanwhile, the SUN should remain ignited, and the PLANETS should finalize their formations. Sounds
chaotic, right? At the end, there should be a couple of fully formed PLANETS, and the EARTH with its
MOON orbiting it—all orbiting an ignited, shining SUN.

4) Back in their seats, lead a discussion with students about the relationship between how the Solar System
formed and how the Moon formed, steering the discussion toward a realization that the formation of the Moon
was part of the larger process of Solar System formation (disk within a disk). Building upon what they wrote
at the end of Lesson One, ask students to write in their Moon Journal or on a separate sheet about what they
learned by acting out the scientific theory of Moon formation.

Background Material

r

Still frame from the Moon Formation clip depicting the debris from the Moon-forming impact
orbiting the young Earth and beginning to coalesce. Image Credit, AMNH.

We have strong evidence that within the circumstellar disk of the early Solar System, the young Earth was
forming and orbiting the young Sun. Other planetesimals and small chunks of rock were doing the same thing,
some of those chunks gaining size and mass. The orbit of one such planetesimal, about the size of Mars,
crossed the orbit of the Earth, and the planetesimal collided with the Earth.

Most of the debris and molten rock resulting from the collision fell back onto Earth, but the rest of it began
orbiting the Earth (Earth’s gravitational pull held it close by). This new “disk” orbiting the Earth is part of the
circumstellar disk orbiting the young Sun—indeed, this is a disk within a disk! And within this new disk orbiting
the Earth, the same small collisions leading to larger and larger chunks were happening. Eventually, the large
chunks all coalesced into the Moon, a process that, in total, is thought to have taken less than one month!
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Lesson Three: Navajo Story of the Sun and Moon

Learning Objective: Students will understand that the origin of the Sun and Moon created an
understanding of the natural cycle of birth, death, and rebirth for the People on Earth.

Description: Students will hear the Navajo traditional story “Johonaa’éi doo T+'éhonaa’éi—Sun and
Moon,” and discuss its meaning. You may want to precede this activity with part or all of the GEMSTONE
CONSTELLATIONS activity from the SQ’ Baa Hane’ booklet.

Materials Needed: Johonaa’éi doo THéhonaa’éi—Sun and Moon story, provided in Supplemental
Material, below.

How To

1) Ask students if they have heard any traditional Navajo stories about the origin of the Sun and Moon.
Discuss what they have heard. Then read aloud the Jdhonaa’éi doo Tt'éhonaa’éi—Sun and Moon story, or
have a student(s) do so. It would be ideal to engage a cultural expert for this activity.

2) Engage the students in a discussion about what the meaning of the story is. Ask them to recount the events
in the story. Steer the discussion toward a recognition that through the process of the origin of the Sun and
Moon, the People learned to understand the natural process of birth, death, and rebirth.

3) Building on what they wrote at the end of Lessons One and Two, have students write in their Moon Journals
or on a separate sheet about what they learned from discussing the story.
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Supplemental Material

Jéhonaa’éi doo Tt¥éhonaa'éi

Sun and Moon

Told by Miller Attakai, 1956
Transcribed by Sylvia Jackson

A time system by which to understand the passage of time was discussed in the Nahat'a
Hooghan by the Holy Ones. The system by which the Earth surface people would understand
the passage of time: birth, aging, dying, death, and returning to Mother Earth, was determined —
by the Yat’aah Naazléi, the heavenly bodies: Sun, Moon, and Stars.

Traditional hane’ tells of light that seemed to revolve around the People in a clockwise fashion.
Morning, mid-day, and evening were not notable. The Holy Ones came together and talked
about a need for more lighting in the Nahat’a Hooghan. They tried several means, methods,
and ways, but all failed to be reliable. Sun was made from ember carried past many tribes, and
a strong person was sought out to carry the light across the sky, an ideal position from which to
light up the world. The Holy Ones had been meeting for a length of time and were running out
of suggestions when they noticed a slim young man sitting near the entrance, attending all the
meetings, and refraining from contributing. He sat quietly and observed. One curious individual
finally asked the young man to identify himself and tell everyone why he was not contributing to
the discussion. The Holy Ones asked him to come forth, swing the light element Jéhonaa’éi,
Sun, over his shoulder, mount a palomino stallion, and ride into the horizon. He did and was
able to do so with grace, ease, and flexibility. Everyone was happy with his ability to carry the
daylight-giver. They agreed that he should be the caretaker of the daylight-giver. He became
the Sun Bearer. The Holy Ones discovered the young man had been the caretaker of fire in the
underworld and was acquainted with the power and energy of fire and light.

Next, the Holy Ones discussed light for the nighttime. The night creatures requested more light
at night, just enough light to see by while the day creatures slept. An element with lesser lighting
was discussed and created. A question was asked, “Who is going to be the caretaker of this
element?”

Young ones were observed for their abilities, strengths, and enthusiasm. Again an individual,
quiet and aloof, who did not contribute to the discussion was noted sitting near the entrance
of Nahat’a Hooghan. They asked the young person to come forth. He did and was told to
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swing the element with lesser lighting over his shoulder, mount a bay mare, and ride into the
horizon. He did so with ease and satisfaction. Everyone agreed he should become the caretaker
of the TYéhonaa’éi. The shy young man became known as the Moon Bearer. He had been the
caretaker of cinder and ash in the underworld. The Holy Ones now had a brighter daytime and
nighttime light. They were happy with the results of their work.

Jéhonaa’éi came up on the first day from the east and rose into the sky. It was remembered as
one of the most beautiful days. People busied themselves with eagerness to get much done in
the bright and warm daylight. The Sun rose to mid-morning, but then returned to the horizon.
The People became alarmed and asked one another, “What is the meaning of this? Who will
answer for this occurrence?”

Everyone came together to discuss what had just occurred and tried to understand what should
be done to correct it. Another person interrupted the discussion by saying “"Asdzaa Naat’aah is
missing. She is nowhere to be found. Has anyone seen her?”

Older people continued the discussion to understand why the J6honaa’éi failed to reach
mid-day. Two young people were sent out to look for the missing person. First Boy and First
Girl went to the place of emergence and found that Asdzaa Naat’aah had returned to the
underworld. She sat with her back to them, brushing her long black hair. They asked her why
she had returned to the underworld and she responded that the wage for the Sun Bearer would
be lives of the Earth surface people. There would be a beginning and ending for everyone and
everything on the Earth surface. All will return to the Mother Earth. First Boy and First Girl
returned to the group that was discussing why Sun Bearer failed to reach mid-day. They told
them they had found the missing person. She had returned to the place of emergence and
reentered the underworld. Elders in discussion asked, “Why has she done this?”

First Boy and First Girl explained to the council what Asdzaa Naat’aah had told them. The
People understood and agreed. The Sun rose again, and this time, the first day completed
without any further interruptions.

The first evening came with the T'éhonaa’éi rising in the east. Again the people said it was a
beautiful evening and they continued to work by the bright light it gave off. There was much to
be done and every passage of time was important. Then, the light began to fade and disappear
into the horizon. Again, T'éhonaa’éi failed to reach mid-sky. It returned to the east and the
evening became dark. The People understood the wage for Moon Bearer to provide light was to
take life from the living on the Earth’s surface. Those that return to Earth at night would be wages
for Moon Bearer. However, those that are born to Earth surface people would replace those
leaving. The process of death, dying, and rejuvenating life was understood. There would be a
renewing process with the process of time. The People agreed that this was fair. The Moon rose
again and completed the first night providing light for the night creatures.
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Lesson Four: How Do These Two Ways of Knowing Relate?

Learning Objective: Students will understand that both the scientific theory of the formation of the Solar
System and the Navajo knowledge of the Sun and Moon reinforce the lifecycle of birth, death, and rebirth.

Description: In this activity, students will engage in a “Gallery Walk,” visiting each of the four areas and
writing answers to questions for each one.

Materials Needed: four pieces of large flip-chart paper; markers.

How To

1) Put one sheet of chart paper on each wall of the room, and write one of the following questions on each
sheet:

e What is the relationship between the Sun, Earth, and Moon?

e \What is the relationship between the Sun, Moon, and the Earth People?

e How does the scientific theory illustrate a lifecycle?

e How does the Navajo knowledge illustrate a lifecycle?

2) Divide students into 4 groups, and give each one a different color marker. Each group will begin at one of
the chart papers and collectively write a short response to the question on that paper. Allow ~5-10 minutes to
pass, then move each group to the next question. Each group should spend time at each sheet, contemplating
each question and writing a response.

3) When the groups are at their last sheet and have finished writing their response, ask someone from each
group to read/summarize the responses on the paper. Facilitate a group discussion, probing as to why each
team gave the responses they did. Focusing on these two questions, reinforce how each way of knowing
depicts and discusses lifecycle:

e How does the scientific theory illustrate a lifecycle?

o If it weren’t for the stars that “lived” and “died” before our Solar System formed, the raw
material and the energy needed to “kick start” the process of star/planetary system formation
would not have existed. When they die, large stars eject their outer layers in dramatic
explosions called supernovae, dispersing the new elements they’ve made during their life into
the surrounding space, and potentially “seeding” new stars and planets.

e How does the Navajo knowledge illustrate a lifecycle?

o Inthe Navajo story, the movement of the Sun and Moon across the sky is linked to the natural
cycle of birth and death and rebirth of the People on Earth. The Sun and Moon Bearers
cannot complete their journeys without the death of People on Earth, but the People realize
that those who are born while the Sun and Moon are making their journeys replace those
who die.
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4) Building on what they wrote at the end of Lessons One, Two, and Three, have students write in their
Moon Journals or on a separate sheet about how both the Navajo knowledge and scientific theory illustrate a
lifecycle.
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Description: The principles and teachings in the ORIGINS and REFLECTION units, especially K’é and the
concept of the lifecycle, are extremely fundamental. To symbolize this, each student will use some of the
products created within these activities to create a cradleboard for him/herself according to the traditional
instructions.

Materials Needed: These have already been created by each student: the two ‘reflection’ lists, the
rainbow strip (3” X 11”), and the ‘values’ strip (3” X 8.5”). Also needed are tape; brown yarn cut into one-foot
lengths—3 will be needed for each student; a hole puncher; string; crayons/markers; cradleboard diagram and
story, both provided in Supplemental Material, below.

How To

1) Ask students what they know about the cradleboard. Read aloud the cradleboard story, and (optional) pass
out copies of the cradleboard diagram. Explain to the students that they are going to synthesize many of the
teachings they’ve learned in the previous activities into an individual cradleboard. You may wish to create small
groups for the students to work in.

2) Have each student collect the two lists, rainbow, and ‘values’ strip on their desk. Begin by having each
student hold up the two lists to his/her chest. The list each student made for him/herself should be held up
against the right side of the body. Have them mark it lightly with an “R” in one corner. The list their classmates
made for them should be held up against the left side of the body. Have them mark it lightly with an “L” in

one corner. Then have them put both sides face up on the desk—the list marked “R” will be on the left and
the list marked “L” will be on the right because as they look down at the lists, they are seeing a reflection of
themselves.

*If, during the REFLECTION —K’E activity, the alternate pathway was followed to create the two lists, then have
each student take out the single sheet of paper with both lists on it and place it face up onto their desks. The
list that each student made for him/herself should be on the left side, and the list made by all the students
should be on the right.

Explain that the right side represents Mother Earth and the left represents Father Sky. Have them tape the two
lists together, placing pieces of tape all along the center seam, except for up at the top. As in the diagram,
they should fold back or cut off the top inner edges of each list, creating a “V” in the cradleboard. (Note,
anywhere tape is used, holes can be made with the hole puncher and string can be used to fasten.)

3) Students should attach their ‘values’ strip across the bottom of the board, taping it to the main board, so it
will serve as the foot board. As in the diagram, they should fold back or cut off the lower outer edges of each
side of the strip. Explain that the foot board represents universal values the children need to obtain.

4) As in the diagram, have female students color a small circle on the headboard on the right side of where
the rainbow arch will go representing white shell (using yellow crayon or marker). Male students should use a
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blue crayon or marker, representing turquoise, and should color their circle on the left side of the cradleboard.
Explain that these gems are for the development of good hearing.

5) Again using the diagram as a guide, have students tape their rainbow strips across the top of the
cradleboard to make an arch over where the infant’s head would be. Using the hole punch or scissors,
students should create a hole at the top of the arch. Explain that the rainbow represents light and is there to
protect, but also to empower the development of good sight and intellect.

6) Using (sharing) a hole puncher or other implement, each student should create several holes on the outer
edges of each list. Pass out 3 lengths of yarn. Weave one length of yarn through the holes on one side of the
cradleboard, creating several loops. Repeat with the other side. Take the third length of yarn and tie it to the
top loop on one side of the cradleboard: girls will tie theirs to the right side and boys will tie theirs to the left
side. Then use it to “lace up” the loops, creating a zig-zag pattern as they go. Explain that this represents
lightning.

Supplemental Material

The Cradleboard

Adapted from the Chinlé Curriculum Center

Long ago, the first cradleboard was made for Asdzaa Nadleehi, Changing Woman, when she was
born. A piece of Yootgaii (white shell) was fastened on the right side of her head board on the
cradle, representing female. When a boy is born, a piece of Doott'izhii (turquoise) is fastened to
the left hand side, representing male. The wrappings of the infant inside the cradleboard represent
K’os dithit, dark clouds. The covering over the whole cradleboard, initially buckskin, now white

or beige cloth, represents K’os, white clouds. An infant is securely wrapped in the cradleboard for
protection. This helps the infant grow up to be a strong-willed person.

An affectionate lullaby is sung for an infant as it is being wrapped and tied in the cradleboard. The
song is for comfort and for the infant to learn love. For this reason, today, the cradleboard is still
used as a baby carrier by the Navajo People.
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Cradleboard Diagram

Bini’
Intellect

Yoo/gaii
White Shell (female)

Yodi Attaasei

Valuable Materials

—Sa'gh Naaghai

One That Forever Lives

Atsoolghxat

Female Lightning
(If an infant is male, this
is fastened on the
opposite side.)

Nahasdzadn
Mother Earth

— Bik’eh H6zh66n
The Trail Of Harmony

Sha Bitt'eol

Sunbeam

Ajaa' Binikah6dzg

Pierced Ears

Naats'iilid
Rainbow

Doottizii
Turquoise (male)

Nittiz Attaas'éi

Precious Stones

Yadithit
Father Sky

Atsiniltt'ish
Male Lightning

Akétt'ool

Root

Naats'iilid Agodi
Short Rainbow
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