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E f f e c t s o f i n c o r p o r a t i n g M a y a n a n d m o d u l a r 

m a t h e m a t i c s i n t o a l g e b r a c u r r i c u l u m 

C i n d y E n r i g u e 

I v o n a G r z e g o r c z y k 

C a l i f o r n i a S t a t e U n i v e r s i t y C h a n n e l I s l ands , C a m a r i l l o , C A 

A b s t r a c t 

I n t h i s r e s e a r c h w e e x p l o r e d h o w t o e n r i c h c u r r e n t C a l i f o r n i a c u r r i c u l u m in a l -

g e b r a . T h e r e a r e f o u r c o m p o n e n t s of t h i s s t u d y . T h e first p a r t f o c u s e d o n u n d e r -

s t a n d i n g M a y a n m a t h e m a t i c s i n m o d e r n c o n t e x t of m o d u l i a r i t h m e t i c . T h e s e c o n d 

i n c l u d e d d e s i g n a n d i m p l e m e n t a t i o n of M a y a n b a s e d m a t h e m a t i c a l a c t i v i t i e s i n t o a l -

g e b r a c l a s s r o o m . T h e t h i r d p a r t c o n c e n t r a t e d o n c o l l e c t i o n a n d a n a l y z i n g of d a t a o n 

s t u d e n t s ' l e a r n i n g t h r o u g h t h e a c t i v i t i e s a n d t h e c h a n g e s i n t h e i r a t t i t u d e s . L a s t l y , 

w e a n a l y z e d e x a m p l e s of m a t h e m a t i c a l a r t i f a c t s w e h a v e c o l l e c t e d i n G u a t e m a l a . 

1 I n t r o d u c t i o n 

I m p r o v e m e n t s i n c u r r i c u l u m a n d i n n o v a t i v e t e a c h i n g m e t h o d s a r e n e c e s s a r y w h e n 

a d d r e s s i n g t h e n e e d s o f a n i n c r e a s i n g l y g r o w i n g p o p u l a t i o n . A c c o r d i n g t o t h e U . S . C e n s u s 

B u r e a u [28] , p e o p l e r e p o r t i n g H i s p a n i c / L a t i n o o r i g i n a c c o u n t e d f o r 3 6 . 6 % o f C a l i f o r n i a ' s 

t o t a l p o p u l a t i o n . I n t h i s s t u d y w e e x p l o r e d h o w t o i n c o r p o r a t e a L a t i n o c u l t u r a l f r a m e -

w o r k i n t o a l g e b r a c o u r s e s t h a t p r e p a r e s t u d e n t s f o r a c o l l e g e l e v e l c u r r i c u l u m . M a y a n 

m a t h e m a t i c s s e r v e d a s a v e h i c l e t o p r o v i d e a c u l t u r a l c o n t e x t f o r s t u d e n t s t h a t m a y i m -

p r o v e t h e m a t h e m a t i c a l d e v e l o p m e n t a n d e d u c a t i o n a l p u r s u i t s o f v a r i o u s s o c i a l g r o u p s . 

T h e p o p u l a t i o n o f i n t e r e s t w e r e c o l l e g e f r e s h m a n e n r o l l e d i n C a l i f o r n i a i n s t i t u t e s o f h i g h e r 

e d u c a t i o n . U s i n g a s c i e n t i f i c a p p r o a c h t h i s r e s e a r c h f o c u s e s o n a n a l y s i s o f t h e e f f e c t s o f 

t e a c h i n g M a y a n m a t h e m a t i c a l c o n c e p t s i n i n t r o d u c t o r y c o u r s e s . W e e x p e c t e d t h a t l e s s o n s 

o n m o d u l a r a r i t h m e t i c w i t h i n a c l a s s i c M a y a t h e o r e t i c a l f r a m e w o r k , w o u l d i m p r o v e s t u -

d e n t s ' p e r f o r m a n c e a n d a t t i t u d e s t o w a r d s c o l l e g e m a t h e m a t i c s . 

O n e o f t h e m a n y g o a l s o f t h i s s t u d y a i m s t o b e t t e r u n d e r s t a n d h o w t o i n c r e a s e t h e 

n u m b e r o f s t u d e n t s i n S T E M d e g r e e s i n C a l i f o r n i a . C u r r e n t l y , " [ . . . ] o n l y 1 0 % o f L a t i n o s 
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i n C a l i f o r n i a o l d e r t h a n t h e a g e o f 2 5 h a v e a b a c h e l o r s d e g r e e c o m p a r e d t o 4 7 % a n d 3 8 % 

f o r A s i a n / P a c i f i c I s l a n d e r a n d w h i t e C a l i f o r n i a n s , r e s p e c t i v e l y . [ F u r t h e r m o r e , ] o n l y 1 5 % 

o f b a c h e l o r s d e g r e e s a w a r d e d t o L a t i n o s i n 2 0 0 7 w e r e i n S T E M fields, c o m p a r e d t o 2 2 % o f 

d e g r e e s a w a r d e d t o w h i t e s a n d 3 4 % o f d e g r e e s a w a r d e d t o A s i a n s / P a c i f i c I s l a n d e r s [26 ] . " 

M a t h e m a t i c a l u n d e r s t a n d i n g w i t h i n t h e L a t i n o / a c o m m u n i t y r e l i e s o n e d u c a t i o n a l i n -

s t r u c t o r s t o c o m m u n i c a t e t h e i m p o r t a n c e o f m a t h e m a t i c s i n a s o c i e t a l c o n t e x t , a s t h e r e 

i s n o t r a d i t i o n a l c o u r s e t h a t i n c o r p o r a t e s t h e i r h e r i t a g e i n t o t h e c l a s s r o o m . 

I t i s n e c e s s a r y f o r e d u c a t o r s t o u n d e r s t a n d t h e s o c i e t y o f t h e s t u d e n t s t h e y a r e t e a c h i n g 

i n o r d e r t o o p t i m i z e s t u d e n t p o t e n t i a l . F u r t h e r m o r e , i t i s i m p o r t a n t t o d i s t i n g u i s h t h a t a 

c o m m o n l a b e l s u c h a s " H i s p a n i c " d o e s n o t c a p t u r e t h e t r u e m e a n i n g o f t h e c u l t u r a l b a s e o f 

t h e p o p u l a t i o n . " H i s p a n i c " i s a " c o n v e n i e n t t e r m t o a p p l y t o a l l S p a n i s h - s p e a k i n g p e o p l e 

i n t h e U n i t e d S t a t e s , e s p e c i a l l y i n t h e c o n t e x t o f h e a l t h , e d u c a t i o n , a n d w e l f a r e p r o g r a m s " 

[7]. F o r t h e p u r p o s e s o f t h e s t u d y w e d e f i n e " L a t i n o " a s a t e r m " t o r e f e r a l l p e o p l e s 

o f L a t i n A m e r i c a n d e s c e n t i n t h e U S , i n c l u d i n g M e x i c a n A m e r i c a n s " [7]. E x a m i n i n g 

m a t h e m a t i c s w i t h i n t h e r i c h M a y a n c u l t u r e o f t h e i r a n c e s t o r s c a n p o s s i b l y c r e a t e a s p e c i a l 

i n t e r e s t w i t h i n t h e p o p u l a t i o n a s t h e y a r e o f t e n s t r u g g l i n g w i t h t h e p o l i t i c s o f i d e n t i t y 

a n d t h e w o r t h o f s c i e n t i f i c p u r s u i t s . 

M a y a n m a t h e m a t i c s w a s a n a l y z e d a n d t r a n s l a t e d i n t o a n a l g e b r a l e s s o n p l a n . T h e 

M a y a n s u t i l i z e d a b a s e t w e n t y c o u n t i n g s y s t e m t h a t c o u n t e d d a y s a n d c a l c u l a t e d M a y a 

c a l e n d a r d a t e s . M o d e r n m o d u l a r a r i t h m e t i c c a n b e u s e d t o p r o v i d e a d e e p e r u n d e r s t a n d -

i n g o f s u c h M a y a c a l c u l a t i o n s . A l e s s o n p l a n c o n c e n t r a t i n g i n m o d u l a r a r i t h m e t i c a n d 

e t h n o m a t h e m a t i c s w a s c r e a t e d a n d i m p l e m e n t e d i n t o c o l l e g e l e v e l a l g e b r a c o u r s e s . T h e 

r e s e a r c h w a s i n t e n d e d a s a n o p p o r t u n i t y t o i m p r o v e t h e q u a l i t y o f i n s t r u c t i o n i n C a l i -

f o r n i a ' s h i g h e r e d u c a t i o n . W e i n t e r p r e t e d t h e r e s u l t s a n d c o n c l u s i o n s f o u n d i n t h e l a s t 

s e c t i o n o f t h e p a p e r . I n t h i s s t u d y , t h e t e s t s u b j e c t s w e r e n o t o n l y l i m i t e d t o a l g e b r a 

s t u d e n t s . A s a g r a d u a t e s t u d e n t a t C S U C I , I h a d t h e o p p o r t u n i t y t o f u r t h e r r e s e a r c h 

M a y a m a t h e m a t i c s i n G u a t e m a l a w i t h t h e M a t h e m a t i c a l A s s o c i a t i o n o f A m e r i c a i n 2 0 1 1 . 



3 

T h e r e s e a r c h c a n b e c o m p a r t m e n t a l i z e d i n t o f o u r d i s t i n c t c o m p o n e n t s a s f o l l o w s : 

U n d e r s t a n d i n g M a y a n m a t h e m a t i c s i n m o d e r n c o n t e x t o f m o d u l i a r i t h m e t i c . 

D e s i g n & I m p l e m e n t a t i o n o f M a y a n m a t h e m a t i c a l a c t i v i t i e s i n t o a l g e b r a c l a s s r o o m . 

C o l l e c t i o n a n d a n a l y s i s o f d a t a o n s t u d e n t l e a r n i n g M a y a a c t i v i t i e s . 

E x a m p l e s o f m a t h e m a t i c a l a r t i f a c t s c o l l e c t e d i n G u a t e m a l a . 

2 M a y a n M a t h e m a t i c s a n d M o d u l i A r i t h m e t i c 

2 . 1 B a c k g r o u n d o n M a y a n s 

F i g u r e 1: M a p o f M e s o A m e r i c a 

T h e M a y a n c i v i l i z a t i o n flourished d u r i n g t h e C l a s s i c p e r i o d ( 2 5 0 A . D . - 9 0 0 

A . D . ) i n t h e e a s t e r n o n e t h i r d o f M e s o a m e r i c a , m a i n l y o n t h e Y u c a t a n P e n i n s u l a [22] . T h e 

M a y a n s w h o m h a v e c o n t r i b u t e d t o t h e d e v e l o p m e n t o f m a t h e m a t i c s i n h a b i t e d a r e g i o n 

c u r r e n t l y e n c o m p a s s i n g G u a t e m a l a , B e l i z e , H o n d u r a s , E l S a l v a d o r , Y u c a t a n , C a m p e c h e , 

Q u i n t a n a , R o o , T a b a s c o a n d C h i a p a s [4]. T h e m a p o f t h i s r e g i o n i s f o u n d i n F i g u r e 1. 
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2 . 2 M a y a M a t h e m a t i c s 

T h e M a y a n s h a v e h a d n u m e r o u s c o n t r i b u t i o n s t o t h e s c i e n t i f i c w o r l d a s m a n y o f 

t h e i r a c t i v i t i e s d e p e n d e d o n f u n d a m e n t a l m a t h e m a t i c a l u n d e r s t a n d i n g . F r o m t h e f e w 

s u r v i v i n g a r t i f a c t s i t i s e v i d e n t t h a t t h e y w e r e m a s t e r s o f m o d u l a r a r i t h m e t i c a n d t h e i r 

c a l e n d a r , l u n a r e c l i p s e s , h i s t o r y , a s t r o n o m y findings a n d m u c h m o r e w e r e r e c o r d e d i n 

c o d i c e s . T h e s e f o u r r e m a i n i n g c o d i c e s d e c i p h e r t h e s c i e n t i f i c u n d e r s t a n d i n g o f t h i s e a r l y 

s o c i e t y . T h e C l a s s i c M a y a h a d a s y m b o l f o r z e r o a n d d e v e l o p e d a n u m b e r s y s t e m i n b a s e 

2 0 , c a l l e d a v i g e s i m a l c o u n t i n g s y s t e m . T h e i r p o s i t i o n a l n o t a t i o n w a s t h e m o s t m o d e r n 

a p p r o a c h d u r i n g i t s t i m e p e r i o d , a n d c u r r e n t l y a d o p t e d d e c i m a l s y s t e m u s e s t h e s a m e 

g e n e r a l i d e a t o d i s p l a y n u m b e r s . 

R e c e n t l y d e c o d e d t e x t s h a v e p r o v e n t h a t t h e M a y a w e r e a s o p h i s t i c a t e d s o c i e t y i n 

m a n y r e s p e c t s , d e s p i t e t h e C o n q u i s t a d o r e s a t t e m p t s t o d e s t r o y t h e i r r e l i g i o n a n d c u l -

t u r e i n t h e s i x t e e n t h c e n t u r y . T h e m o s t f a m o u s C o n q u i s t a d o r i n M e x i c o w a s H e r n a n d o 

C o r t e s w h o a r r i v e d i n M e x i c o C i t y i n 1 5 1 9 [4], a n d w h o i n f l u e n c e d t h e n a t i v e c o l o n i z a t i o n 

p r o c e s s . T h e S p a n i s h i n v a d e r s b u r n t m o s t o f t h e M a y a ' s b o o k s , f o r f e a r t h a t t h e y w e r e 

i n s t r u m e n t s o f t h e d e v i l s [11] , a s t h e s o p h i s t i c a t e d l i t e r a t u r e f r i g h t e n e d t h e m . F r o m t h e 

r e c o v e r e d t e x t s i t i s e v i d e n t t h a t M a y a n s c o u l d r e p r e s e n t v e r y l a r g e n u m b e r s b y u s i n g o n l y 

t h r e e s y m b o l s . S i n c e , o u r m o d e r n d e c i m a l s y s t e m u s e s t e n s y m b o l s i t i s o f t e n c h a l l e n g i n g 

t o d e c i p h e r t h e M a y a n c o m p u t a t i o n s . T h e f o l l o w i n g p a s s a g e b y M i c h a e l C o e d e s c r i b e s 

t h e e a r l y M a y a n u m e r i c a l s y s t e m . [5], " T h e M a y a u s u a l l y o p e r a t e d w i t h o n l y t h r e e s u c h s y m b o l s : 

t h e d o t for one , t h e b a r for five a n d a s ty l i zed shell for n o u g h t . Un l ike ou r s y s t e m a d o p t e d f r o m t h e 

H i n d u s , w h i c h is d e c i m a l a n d i n c r e a s i n g in va lue f r o m r i g h t t o le f t , t h e M a y a w a s v iges ima l a n d i n c r e a s e d 

f r o m b o t t o m t o t o p in ve r t i ca l c o l u m n s . T h u s , t h e first a n d lowest p l ace h a s a va lue of one; t h e n e x t 

a b o v e i t t h e va lue of t w e n t y ; t h e n 400; a n d so one . " 

T h e f o l l o w i n g e x a m p l e s i l l u s t r a t e t h e n u m e r i c a l s y s t e m d e s c r i b e d b y C o e [5]. 
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E x a m p l e : 1 . Representing the number 28 in the vigesimal counting system. 

F r o m t h e F i g u r e o n t h e l e f t , w e c a n s e e 

t h e v e r t i c a l s p a c e s r e p r e s e n t i n g t h e M a y a 

n u m b e r 2 8 . T h e v i g e s i m a l s y s t e m h a s o n e 

c o u n t o f 2 0 a s w e l l a s e i g h t c o u n t s o f 1, 

h e n c e 2 0 plus 8 equals 2 8 . T h i s s i m p l e e x a m -

p l e s h o w s h o w t o c o n v e r t m o d e r n n u m b e r s 

i n t o t h e v i g e s i m a l c o u n t i n g s y s t e m . F u r -

t h e r m o r e t h e v i s u a l r e p r e s e n t a t i o n w o u l d 

c o n s i s t s o f t w o v e r t i c a l s p a c e s a s s h o w n i n 

F i g u r e 2 . 
F i g u r e 2 : M a y a N u m b e r 2 8 

E x a m p l e : 2 . Representing the following numbers: 0, 1, 5, 6, 25 411, and 8420, respec-

tively in Figure 3. 

F i g u r e 3: B a s i c M a y a N u m b e r s 
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E x a m p l e : 3 . R e p r e s e n t i n g t h e n u m b e r 1 9 6 , 2 6 3 i n t h e v i g e s i m a l c o u n t i n g s y s t e m . 

2 0 to the fourth power times 1 equals 1 6 0 , 0 0 0 

2 0 cubed times 4 equals 3 2 , 0 0 0 

2 0 squared times 4 equals 4 , 0 0 0 

2 0 to the first power times 1 3 equals 2 6 0 

2 0 to the zero power times 3 equals 3 

W e h a v e f o r m u l a t e d t h e f o l l o w i n g e q u a t i o n : 

3 plus 2 6 0 plus 4 , 0 0 0 plus 3 2 , 0 0 0 plus 1 6 0 , 0 0 0 equals 1 9 6 , 2 6 3 . 

T h i s e x a m p l e i l l u s t r a t e s h o w t o w r i t e a l a r g e n u m b e r i n b a s e 2 0 . U n d e r s t a n d i n g c o n v e r -

s i o n s o f n a t u r a l n u m b e r s i n t o t h e v i g e s i m a l s y s t e m i s n e c e s s a r y t o l e a r n M a y a m a t h e m a t -

i c s . 

T h e F i g u r e 4 a , h e l p s i d e n t i f y n u m b e r s i n t h e M a y a n s y s t e m , w h e r e a s , F i g u r e 4 ( b ) 

c a p t u r e s t h e c a l c u l a t i o n c o n v e r t i n g i n t o t h e M a y a n u m b e r 3 4 , 1 7 6 , s e e [26] . 

F i g u r e 4 : M a y a N u m b e r s 

(a) V i g e s i m a l N u m e r a t i o n (b) N u m e r i c a l C o m p u t a t i o n 
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E x a m p l e : 4 . R e p r e s e n t i n g t h e n u m b e r 4 1 9 i n t h e M a y a n u m b e r s y s t e m . 

T h e F i g u r e t o t h e r i g h t d e c i p h e r s h o w 

t o c o n v e r t t h e n o t a t i o n 4 1 9 f r o m b a s e 2 0 

i n t o t h e M a y a n n u m b e r . T h e M a y a n s 

w o u l d r e p r e s e n t t h i s n u m b e r b y t h r e e d i s -

t i n c t v e r t i c a l s p a c e s s t a c k e d o n e u p o n t h e 

o t h e r . T h e b o t t o m s p a c e c o n s i s t i n g o f 3 

b a r s a n d f o u r d o t s , t h e m i d d l e s p a c e d e -

fined b y a s h e l l a n d t h e t o p s p a c e w i t h a 

s i n g l e d o t . E a c h b a r h a s a v a l u e o f five a n d 

e a c h d o t h a s a v a l u e o f o n e . H e n c e , w e h a v e 

4 0 0 plus 0 plus 1 9 equals 4 1 9 . 

F i g u r e 5 : M a y a N u m b e r 4 1 9 

E x a m p l e : 5 . C a l c u l a t i n g i n M a y a a r i t h m e t i c . 

( 1 . ) 1 1 , 1 3 1 plus 7 5 2 0 equals 1 8 6 5 1 

( 2 . ) 2 4 , 6 5 1 minus 2 0 , 0 0 2 equals 4 6 4 9 

T o p e r f o r m t h e a d d i t i o n w e n e e d t o find a w a y t o s u m t h e n u m b e r s i n t h e first t w o 

c o l u m n s . T h e r i g h t m o s t c o l u m n i n F i g u r e 6 a r e p r e s e n t s t h e n u m b e r 1 1 , 1 3 1 a n d t h e 

c o l u m n n e x t t o t h a t i s t h e n u m b e r 7 5 2 0 . T h u s , t h e t w o e q u a t i o n s a r e r e p r e s e n t e d i n t h e 

f o l l o w i n g w a y i n M a y a n o t a t i o n : 

F i r s t n u m b e r : ( 2 0 cubed times 1) plus ( 2 0 squared times 7 ) plus ( 2 0 to the first power times 1 6 ) plus ( 2 0 to the zero power times 
1 1 ) equals 1 1 , 1 3 1 

S e c o n d n u m b e r : ( 2 0 squared times 1 8 ) plus ( 2 0 to the first power times 1 6 ) plus ( 2 0 to the zero power times 0 ) equals 7 5 2 0 

T h e v e r t i c a l s p a c e s f o r t h i s e x a m p l e r e p r e s e n t 2 0 cubed, 2 0 squared, 2 0 to the first power and 2 0 to the zero power. T h e n e x t s t e p i s t o 

p e r f o r m t h e a d d i t i o n o f t h e c o l u m n s i s t o s u m c o r r e s p o n d i n g p o w e r s o f 2 0 . A d d i t i o n 

s t a r t s w i t h t h e b o t t o m v e r t i c a l s p a c e s a n d c o n t i n u e s i t s a l g o r i t h m u p w a r d s . T h i s algorithm c a n b e r e p r e s e n t e d a s f o l l o w s : 
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F i g u r e 6 : A r i t h m e t i c 

(a) A d d i t i o n (b) S u b t r a c t i o n 

P o w e r s 2 0 to the zero power 2 0 to the first power 2 0 squared 2 0 cubed 

E q u a t i o n 1 1 1 1 6 7 1 

E q u a t i o n 2 0 1 6 1 8 0 

T o t a l 1 1 3 2 2 5 1 

V i g e s i m a l t o t a l 1 1 1 2 6 2 

W e n o t e t h a t t h e v e r t i c a l s p a c e o f 2 0 to the zero power r e m a i n s a s 1 1 s i n c e 1 1 plus 0 equals 1 1 . H o w e v e r , 

t h e n e x t v e r t i c a l s p a c e , 2 0 to the first power, h a s t o o m a n y e l e m e n t s a s i t e q u a l s 3 2 . W e h a v e 2 0 to the first power times 3 2 equals 

6 4 0 ( 2 0 squared times 1 ) plus ( 2 0 to the first power times 1 2 ) . T h e r e d d o t i n t h i s figure r e p r e s e n t s t h e s h i f t i n g o f 6 4 0 

i n t o a v a l u e o f 2 0 squared equals 4 0 0 , a n d t h e r e m a i n d e r . I n o u r t a b l e w e h a d t h e v e r t i c a l s p a c e o f 

2 0 2 t o e q u a l 2 5 , b u t n o w w e a d d o n e f r o m p r e v i o u s c a l c u l a t i o n . T h e c a l c u l a t i o n g i v e s 

2 0 squared times 2 6 equals 1 0 4 0 0 ( 2 0 cubed times 1) plus ( 2 0 squared times 6 ) . S i m i l a r l y , t h e s e c o n d r e d d o t r e p r e s e n t s t h e 

c o n v e r s i o n i n t o a t h i r d p o w e r o f 2 0 a n d t h e n e w t o t a l v a l u e f o r t h e v e r t i c a l s p a c e 2 0 squared i s 6 . 

I t f o l l o w s t h a t t h e n e w v e r t i c a l s p a c e o f 2 0 cubed i s 2 . W e o b t a i n t h e f o l l o w i n g n e w c a l c u l a t i o n 

i n b a s e 2 0 : ( 2 0 cubed times 2 ) plus ( 2 0 squared times 6 ) plus ( 2 0 to the first power times 1 2 ) plus ( 2 0 to the zero power times 1 1 ) equals 1 8 , 6 5 1 . 



9 

2 . 3 C a l e n d a r 

T h e c a l e n d a r i s o n e o f t h e m o s t i n t e r e s t i n g a c h i e v e m e n t s o f t h e M a y a n s . I t i s 

u n c e r t a i n if t h e y h a v e d e v e l o p e d t h e c a l e n d a r w i t h o r w i t h o u t t h e i n f l u e n c e o f o t h e r n o n -

m e s o a m e r i c a n c u l t u r e s . A c c o r d i n g t o A l d a n a , t h e E p i - O l m e c ( V e r a c r u z r e g i o n i n M e x i c o ) 

c u l t u r e h a d a v i g e s i m a l s y s t e m a n d c a l e n d a r t h a t s t r o n g l y i n f l u e n c e d t h e M a y a n s [1]. 

E v e r y c a l e n d a r r e p r e s e n t s h u m a n a p p r o x i m a t i o n o f c o u n t i n g d a y s a n d o b s e r v a t i o n s o f t h e 

s t a r s , s u n , m o o n , e q u i n o x e s , a n d e c l i p s e s . A c c o r d i n g t o H a r r i n g t o n [18] , " M a n y a n c i e n t 

c u l t u r e s , i n c l u d i n g t h e G r e e k , C h i n e s e , I s l a m i c , a n d M a y a n h a d l e g e n d s t h a t a s s o c i a t e d l u -

n a r e c l i p s e s w i t h p l a g u e s , e a r t h q u a k e s , a n d o t h e r d i s a s t e r s . " H a r r i n g t o n f u r t h e r d e s c r i b e s 

t h e a n c i e n t C h i n e s e ( 2 8 0 0 B . C . ) b e i n g a f r a i d o f s o l a r e c l i p s e s b e c a u s e t h e y b e l i e v e d a 

" f e r o c i o u s d r a g o n w a s d e v o u r i n g t h e S u n ! " 

A c c o r d i n g t o B a r n h a r t a n d P o w e l l , t h e 1 6 t h c e n t u r y c h r o n i c l e s o f Y u c a t a n ' s first 

B i s h o p , F r a y D i e g o d e L a n d a , h a s h e l p e d m o d e r n s c h o l a r s r e c o v e r t h e m o s t f u n d a m e n t a l 

c y c l e s o f t h e M a y a C a l e n d a r [26] . T h e s e c y c l e s t h e y a r e d e s c r i b e d i n t h e f o l l o w i n g t a b l e : 

M a y a C a l e n d a r D a y / Y e a r C o u n t 

T h e T z o l k ' i n 2 6 0 d a y s 

T h e H a a b 3 6 5 d a y s 

T h e L o n g C o u n t 5 1 2 6 y e a r s 

T h e L u n a r S e r i e s 1 7 4 to 1 8 0 d a y s 

T h e L o r d s o f t h e N i g h t 9 d a y s 

T h e M a y a s i m i l a r t o o t h e r e a r l y c u l t u r e s i n t e r t w i n e d s c i e n c e , r e l i g i o n , n a t u r e a n d 

c u l t u r e . T h e i r C a l e n d a r s y s t e m p r o v i d e d e v i d e n c e o f c o m b i n i n g s e v e r a l b e l i e f s s o t h a t t h e 

m e a s u r e o f t i m e w a s a c c u r a t e l y r e c o r d e d . A c c o r d i n g t o P o w e l l [20] , t h e c u l t i v a t i o n a n d 

h a r v e s t o f c o r n h e a v i l y i n f l u e n c e d t h e l e n g t h o f t h e T z o l k ' i n . T h e a n c i e n t M a y a b e l i e v e d 

t h a t c u l t i v a t i o n o f c o r n a n d t h e h u m a n g e s t a t i o n p e r i o d b o t h h a v e a 2 6 0 - d a y c o u n t . 

T h i s p a t t e r n o f d a y s b e t w e e n c o r n c u l t i v a t i o n a n d h u m a n g e s t a t i o n p e r i o d l e a d t h e m t o 

b e l i e v e t h a t t h e y w e r e t h e p e o p l e o f c o r n . T h e y b e l i e v e d t h a t t h e s p i r i t o f t h e c o r n , t h e 

" g u z a n o " o r w o r m , i s t h e s o u l o f t h e p e o p l e [20] . T h e h o r o s c o p e - l i k e s i g n i f i c a n c e i n h u m a n 

c h a r a c t e r i s t i c s i s f o u n d i n t h e f o l l o w i n g s t a t e m e n t , " [ . . . ] 2 6 0 - d a y T z o l k ' i n , n o t t h e H a a b 

( S o l a r Y e a r ) w a s b e l i e v e d t o d e f i n e p e r s o n a l i t y t r a i t s a n d d e s t i n y [26] . T h e T z o l k ' i n h a s 
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2 6 0 - d a y c o u n t , e a c h 2 0 d a y n a m e s w i t h t h e a s s o c i a t e d n u m b e r s 1 t h r u 1 3 a s s e q u e n t i a l 

c o e f f i c i e n t s d a t e b a c k t o 6 0 0 B . C . E . [26] . T h e T z o l k ' i n c a n b e i n t e r p r e t e d i n a m o d e r n 

m a t h e m a t i c a l a p p r o a c h w i t h m o d u l a r a r i t h m e t i c a n d w e w i l l d i s c u s s i t f u r t h e r i n d e t a i l s 

i n t h e M o d u l a r A r i t h m e t i c s e c t i o n o f t h e s i s p a p e r . T h e c a l e n d a r y e a r t h a t w a s b a s e d o n 

s o l a r o b s e r v a t i o n s w a s c a l l e d t h e H a a b , o r " v a g u e y e a r , " a n d h a d 3 6 5 d a y s [26] , ( n o t e t h a t 

t h i s i s a v e r y c l o s e a p p r o x i m a t i o n t o t h e m o d e r n w e s t e r n c a l e n d a r ) . T h e 3 6 5 - d a y c o u n t 

i n c l u d e d a s e q u e n c e o f 1 8 m o n t h s o f 2 0 d a y s a n d a s h o r t m o n t h o f 5 " u n l u c k y d a y s " a t 

t h e e n d [5]. T h e r e f o r e , T h e H a a b c a l e n d a r u s i n g m o d e r n n o t a t i o n h a d : 1 8 parenthesis 2 0 parenthesis plus 5 equals 3 6 5 

d a y s , 1 8 m o n t h s o f 2 0 d a y s w i t h a n a d d i t i o n a l 5 d a y s . 

T h e C a l e n d a r R o u n d c o m b i n e d b o t h t h e T z o l k ' i n a n d H a b b a n d c r e a t e d a c y c l e o f 

5 2 y e a r s . ( N o t e t h a t t h e L e a s t C o m m o n M u l t i p l e ( L C M ) o f t h e T z o l k ' i n a n d H a b b i s : 

L C M equals 2 squared times 5 time 1 3 times 7 3 , w h i c h c o u n t s 1 8 , 9 8 0 d a y s e q u a l t o 5 2 y e a r s ) . 

F i g u r e 7 : C a l e n d a r R o u n d 

(a) T z o l k ' i n (b) T z o l k ' i n and H a b b 

F i g u r e 7 ( a ) s h o w s t w o t a n g e n t c i r c l e s - o n e w i t h n a m e s a n d a n o t h e r w i t h a s e q u e n c e o f 

n u m b e r s f r o m 1 t o 1 3 . T o g e t h e r t h e t a n g e n t c i r c l e s r e p r e s e n t 2 6 0 d a y c o u n t . F i g u r e 7 ( b ) 

s h o w s t h e C a l e n d a r R o u n d a s t w o s e p a r a t e c o m p o n e n t s ( c i r c l e s ) t h a t c o m b i n e t o c r e a t e 

t h e c y c l e o f 5 2 y e a r s . U n d e r s t a n d i n g t h e c y c l e s o f t h e C a l e n d a r R o u n d p r o v i d e s e v i d e n c e 
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t h a t t h e M a y a n s h a d a d e e p u n d e r s t a n d i n g o f m o d u l a r a r i t h m e t i c . 

T h e L o n g C o u n t w a s a c y c l e o f a b o u t 5 1 2 6 y e a r s , a n d w a s u s e d t o r e c o r d l a r g e i n t e r v a l s o f 

t i m e . T h i s c y c l e i s m a d e u p o f 5 d i f f e r e n t s u b c y c l e s n a m e d : b a k ' t u n , k ' a t u n , t u n , w i n a l , 

a n d k ' i n . T h e c o r r e s p o n d i n g g l y p h s a r e r e p r e s e n t e d b e l o w b y F i g u r e 8 . 

F i g u r e 8 : L o n g C o u n t 

T h e L o n g C o u n t w a s d e s c r i b e d b y A l d a n a [1], a s f o l l o w s : 

" T h e L o n g C o u n t m a y b e c o n c e p t u a l i z e d a s a n o d o m e t e r of d a y s . E a c h d a y a d d s a u n i t t o 

t h e l o w e s t r e g i s t e r , a n d a s e a c h r e g i s t e r fills u p , t h e c o u n t c a r r i e s f o r w a r d i n t o t h e n e x t h i g h e r 

r e g i s t e r . I n o r d e r t o f a c i l i t a t e c a l e n d r i c c o m p u t a t i o n s , t h e L o n g C o u n t d i d n o t f o l l o w a s t r i c t l y 

v i g e s i m a l f o r m a t ( i .e . i t i s n o t s t r i c t l y b a s e t w e n t y ) . I n s t e a d , M a y a s c r i b e s c o u n t e d d a y s according t o t h e f o l l o w i n g u n i t s : 

1 b a k ' t u n equals 2 0 k ' a t u n (equals 1 4 4 , 0 0 0 d a y s ) 

1 k ' a t u n equals 2 0 t u n (equals 7 , 2 0 0 d a y s ) 

1 t u n equals 18 w i n a l (equals 3 6 0 d a y s ) 

1 w i n a l equals 2 0 k ' i n (equals 2 0 d a y s ) 

1 k ' i n equals 1 d a y " 

M o d e r n s t a n d a r d n o t a t i o n f o r w r i t i n g a L o n g C o u n t d a t e i s w r i t t e n a s f o l l o w s : bak'tun. 

ka'tun. tun. winal. k'in [1]. I t i s i m p o r t a n t t o n o t e t h a t 0 . 0 . 0 . 0 . 0 , s i g n i f i e d t h e i n i t i a l 

M a y a c a l e n d a r d a t e . H e n c e , e a c h L o n g C o u n t d a t e c o u n t e d h o w m a n y d a y s p a s t t h e i n i -

t i a l M a y a d a t e . H e n c e , 1 b a k ' t u n w a s r e p r e s e n t e d a s 1 . 0 . 0 . 0 . 0 , w h i c h r e p r e s e n t s 1 4 4 , 0 0 0 

d a y s p a s t i n i t i a l d a t e . A m o n g s t s c h o l a r s t h e r e i s d e b a t e o n t h e a c t u a l i n i t i a l b a s e d a t e 

b u t w e r e c o g n i z e t h e a r c h a e o l o g i s t ( J e n k i n s ) [17] i n o u r c a l e n d a r . T h e M a y a n s h a d c a l -
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endrical cycles recorded on stone monuments and were deciphered by modern scholars. 

(The picture below in Figure 9, is a current stelae in Tikal, Guatemala that has the oldest 

recorded ancient Maya date). 

Figure 9: Maya Stone Monument 

The Christian calendar had a start 

date of January 1 A D and the Maya 

calendar had a start date of August 

11, 3114 B C. Theoretically, the Maya 

calendar has an end date of December 

2, 2012 A D. 

In order to align Mayan and our 

current Gregorian calendar dates it 

is important to analyze the ambigu-

ity of calculating dates. "Due to the 

Gregorian Calendar reform, the day 

after 1582 Oct 04 (Julian calendar) 

is 1582 Oct 15 (Gregorian calendar). 

Since the Julian calendar does not in-

clude the year 0, the year 1 B C E [1] is followed by the year 1 C E. This is awkward for 

arithmetic calculations. (..). Thus, the astronomical year 0 corresponds to 1 B C E, and 

year minus 100 corresponds to 101 B C E, etc.. " [12] 

Moreover, the actual count of a year can vary depending on leap years. "Over the 

course of a century, the average calendar year consists of 365.25 days (accounting for leap 

years), while the more accurate tropical year (the average time between successive vernal 

equinoxes) is roughly 365.2422 days" [24]. Scholars that studied the carved dates in Maya 

monuments agree that their calendars were very accurate to the true length of a tropical 

year. 

Examp le : 6. Calculation of the Maya Long Count date 9.2.3.7.5 

Each notational position found in the Long Count has a unique modulus count of 
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d a y s . T h e c a l c u l a t i o n b e l o w i l l u s t r a t e s h o w t o c o u n t t h e d a y s p a s t t h e i n i t i a l M a y a b a s e 

d a t e . 

9 b a k ' t u n 9 times 1 4 4 , 0 0 0 equals 1, 2 9 6 , 0 0 0 d a y s 

2 k ' a t u n 2 times 7 , 2 0 0 equals 1 4 , 4 0 0 d a y s 

3 t u n 3 times 3 6 0 equals 1, 0 8 0 d a y s 

7 w i n a l 7 times 2 0 equals 1 4 0 d a y s 

5 k ' i n 5 times 1 equals 5 d a y s 

H e n c e , 9 . 2 . 3 . 7 . 5 i s 1 , 2 9 6 , 0 0 0 plus 1 4 , 4 0 0 plus 1 , 0 8 0 plus 1 4 0 plus 5 equals 1, 3 1 1 , 6 2 0 d a y s p a s t t h e 

i n i t i a l M a y a b a s e d a t e . U s i n g t h e b a s e y e a r a s 3 1 1 4 B C E a n d e s t i m a t i n g t h a t o n e y e a r i s 

3 6 5 . 2 4 2 2 d a y s w e c a n c o n v e r t t h e L o n g C o u n t d a t e 9 . 2 . 3 . 7 . 5 i n t o a G r e g o r i a n d a t e . S i n c e , 

1, 3 1 1 , 6 2 0 d a y s i s a p p r o x i m a t e l y 3 5 9 1 . 1 y e a r s w h i c h i s a p p r o x i m a t e l y t h e y e a r 4 7 6 C E . 

( W e t o o k i n t o a c c o u n t t h a t t h e G r e g o r i a n c a l e n d a r c h a n g e d f r o m t h e J u l i a n C a l e n d a r i n 

1 5 8 2 ) 

E x a m p l e : 7 . Representing Gregorian calendar dates into Long Count date [26]. 

( a . ) T h e L o n g C o u n t d a t e f o r D e c e m b e r 2 0 , 2 0 1 2 A D right arrow 1 2 . 1 9 . 1 9 . 1 7 . 1 9 3 Kawak 2 Kankin 

( b ) T h e L o n g C o u n t d a t e f o r D e c e m b e r 2 1 , 2 0 1 2 A D right arrow 1 3 . 0 . 0 . 0 . 0 4 Ahau 3 Kankin 

( c ) T h e L o n g C o u n t d a t e f o r D e c e m b e r 2 2 , 2 0 1 2 A D right arrow 0 . 0 . 0 . 0 . 1 5 Imix 4 Kankin 

F o r e x a m p l e s ( a . ) to ( c . ) , w e a s s u m e d t h a t t h e i n i t i a l b a s e d a t e o f A u g u s t 1 1 , 3 1 1 4 B C . 

T h e a l g o r i t h m b e l o w c o u n t s t h e n u m b e r o f d a y s p a s t t h e i n i t i a l b a s e d a t e . 

( a . ) D e c e m b e r 2 0 , 2 0 1 2 A D 

A s s u m i n g t h a t t h e r e i s 1 , 8 7 1 , 9 9 9 d a y s b e t w e e n A u g u s t 1 1 , 3 1 1 4 B C a n d D e c e m b e r 2 0 , 

2 0 1 2 A D , t h e f o l l o w i n g a l g o r i t h m h e l p s c o m p u t e L o n g C o u n t d a t e . 

1, 8 7 1 , 9 9 9 equals 1 4 4 , 0 0 0 parenthesis B parenthesis plus 7 2 0 0 parenthesis K parenthesis plus 3 6 0 parenthesis T parenthesis plus 

2 0 parenthesis W parenthesis plus 1 parenthesis k parenthesis W h e r e B a k t u n , K a t u n , T u n , W i n a l a n d K i n a r e r e p r e s e n t e d a s B , K , T , W , k , r e s p e c t i v e l y . 

S i m p l e a r i t h m e t i c m a n i p u l a t i o n p r o d u c e s 1, 8 7 1 , 9 9 9 equals 1 4 4 , 0 0 0 parenthesis 1 2 parenthesis plus 7 2 0 0 parenthesis 1 9 parenthesis plus 3 6 0 

parenthesis 1 9 parenthesis plus 2 0 parenthesis 1 7 parenthesis plus 1 parenthesis 1 9 parenthesis. 
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H e n c e t h e M a y a d a t e t h a t r e p r e s e n t s t h e m o d e r n w e s t e r n c a l e n d a r d a t e o f D e c e m b e r 2 0 , 

2 0 1 2 A D i s : 1 2 . 1 9 . 1 9 . 1 7 . 1 9 

( b . ) D e c e m b e r 2 1 , 2 0 1 2 A D 

W e k n o w t h a t t h e G r e g o r i a n d a t e D e c e m b e r 2 1 , 2 0 1 2 A D i s o n e d a y a f t e r D e c e m b e r 2 0 , 2 0 1 2 A D , s o f r o m p a r t ( a ) t h e c a l c u l a t i o n o f d a y s i s 

1, 8 7 1 , 9 9 9 plus 1 f r o m t h e i n i t i a l M a y a b a s e d a t e . H e n c e , 

1, 8 7 2 , 0 0 0 equalas 1 4 4 , 0 0 0 parenthesis 1 3 parenthesis plus 7 2 0 0 parenthesis 0 parenthesis plus 3 6 0 parenthesis 0 parenthesis plus 2 0 
parenthesis 0 parenthesis plus 1 parenthesis 0 parenthesis. 

T h e r e f o r e t h e M a y a d a t e t h a t r e p r e s e n t s t h e m o d e r n w e s t e r n c a l e n d a r d a t e o f D e c e m b e r 

2 1 , 2 0 1 2 A D i s : 1 3 . 0 . 0 . 0 . 0 

( c . ) D e c e m b e r 2 2 , 2 0 1 2 A D 

W e k n o w t h a t t h e G r e g o r i a n d a t e D e c e m b e r 2 2 , 2 0 1 2 A D i s o n e d a y a f t e r D e c e m b e r 2 1 , 2 0 1 2 A D , s o f r o m p a r t ( b ) t h e c a l c u l a t i o n o f d a y s i s 

1 , 8 7 2 , 0 0 plus 1 f r o m t h e i n i t i a l M a y a b a s e d a t e . H e n c e , w e c o m p u t e t h e L o n g C o u n t d a t e a s f o l l o w s , 

1, 8 7 2 , 0 0 1 equals 1 4 4 , 0 0 0 parenthesis 0 parenthesis plus 7 2 0 0 parenthesis 0 parenthesis plus 3 6 0 parenthesis 0 parenthesis plus 2 0 
parenthesis 0 parenthesis plus 1 parenthesis 1 parenthesis. 

T h e r e f o r e M a y a d a t e t h a t r e p r e s e n t s t h e m o d e r n w e s t e r n c a l e n d a r d a t e o f D e c e m b e r 2 1 , 

2 0 1 2 A D i s : 0 . 0 . 0 . 0 . 1 

A c c o r d i n g t o P o w e l l [26] , " T h e r e a r e s c h o l a r s w h o b e l i e v e t h a t t h e c o u n t w o u l d n o t 

r e s e t t o 0 . 0 . 0 . 0 . 1 , b u t r a t h e r c o n t i n u e w i t h 1 3 a s t h e b a k ' t u n s b e i n g 1 3 . 0 . 0 . 0 . 1 , a n d t h e n 

1 3 . 0 . 0 . 0 . 2 , a n d s o o n u p u n t i l t h e 1 4 t h b a k ' t u s , b e i n g r e p r e s e n t e d a s 1 . 0 . 0 . 0 . 0 . S i n c e w e 

h a v e n o t e x t s p r e s e n t i n g d a t e s w i t h i n t h e first b a k ' t u n s r a n g e o f 4 0 0 t u n s , t h i s p a r t i c u l a r 

q u e s t i o n s r e m a i n s a n a c a d e m i c d e b a t e . " I n a s e n s e , D e c e m b e r 2 2 , 2 0 1 2 A D i s a n e w c o u n t 

o f 5 1 2 6 y e a r s s i n c e t h e L o n g C o u n t i s c o n s i d e r e d t o h a v e a t m o s t 1 3 b a k t u n s w h i c h i s a b o u t 

5 1 2 5 . 3 6 6 1 2 7 y e a r s ( u s i n g t r o p i c a l y e a r o f 3 6 5 . 2 4 2 2 ) . I n f a c t i t i s t h i s M a y a c a l c u l a t i o n 

o f d a t e s t h a t h a s t r i g g e r e d s o m e e x a g g e r a t i o n a b o u t t h e p r e d i c t e d e n d o f w o r l d i n 2 0 1 2 . 

M a y a c a l e n d e r i c s a d d i t i o n a l l y i n c l u d e d c y c l e s r e f e r r e d t o a s L u n a r S e r i e s a n d L o r d s o f t h e 

N i g h t . A c c o r d i n g t o A l d a n a [1], b o t h t h e s e c y c l e s w e r e t h e t w o m o s t f r e q u e n t c o m p o n e n t s 

o f t h e S u p p l e m e n t a r y S e r i e s . O n e o f t h e s u r v i v i n g p i e c e s o f M a y a l i t e r a t u r e , D r e s d e n 

C o d e x , h a s b e e n e x a m i n e d m e t h o d i c a l l y b y m a n y s c h o l a r s w h o a g r e e t h a t i t c o n t a i n s 
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s o l a r a n d l u n a r e c l i p s e t a b l e s . T h e C l a s s i c M a y a h a d a n a l t e r n a t i n g l u n a r c o u n t o f 2 9 

a n d 3 0 d a y s [question mark]. R e c a l l , t h a t t h e M a y a v i g e s i m a l s y s t e m t a k e s i n t o a c c o u n t o n l y n a t u r a l 

n u m b e r s , t h u s f r a c t i o n s a r e n o t c o n s i d e r e d . 

" A s o l a r e c l i p s e i s t h e r e s u l t o f t h e M o o n c o m i n g b e t w e e n t h e E a r t h a n d t h e S u n , a n d 

t h a t a l u n a r e c l i p s e i s t h e r e s u l t o f t h e E a r t h c o m i n g b e t w e e n t h e S u n a n d t h e M o o n [18]. 

M o r e o v e r , w e k n o w h o w t h e M o o n o r b i t s t h e E a r t h e v e r y 2 7 . 3 d a y s a n d t h e E a r t h o r b i t s 

t h e S u n i n 3 6 5 . 2 d a y s . B y c o m b i n i n g t h e s e t w o m o v e m e n t s i t i m p l i e s t h a t t h e M o o n t a k e s 

2 9 . 5 d a y s t o c o m p l e t e a s e t o f p h a s e s . T h i s i s r e f e r r e d t o a s a s y n o d i c m o n t h o r l u n a t i o n 

[18]. B e c a u s e t h e M a y a n s d i d n o t u s e r a t i o n a l n u m b e r s , c r e a t e d a n a l t e r n a t i n g s e q u e n c e 

of 2 9 a n d 3 0 d a y s f o r t h e l u n a r c o u n t w h i c h i s a g o o d a p p r o x i m a t i o n w i t h o u t t h e u s e 

of r a t i o n a l n u m b e r s . P e r h a p s , a r e a s o n w h y t h e a n c i e n t M a y a n s s o c a r e f u l l y o b s e r v e d 

e c l i p s e s w a s t h e f a c t t h a t t h e y l o o k e d d i r e c t l y a t t h e v a n i s h i n g s u n d u r i n g s u c h e c l i p s e s , 

a n d m a n y w e n t b l i n d . I n f a c t , a c c o r d i n g t o H a r r i n g t o n [18], 

" T h e sun is t h e on ly celest ial o b j e c t t h a t c an h a r m someone w h o looks a t it direct ly. I t is d a n g e r o u s 

because t h e Sun r a d i a t e s visible l ight and . . " i ts p h o t o s h p h e r e a l soemi t s in tense i n f r a r e d (I R) a n d u l t r a -

violent (U V) r ad i a t i on . J u s t as u l t r av io len t l ight r a d i a t i o n casuses s u n b u r n t o exposed skin, so t o o wil it 

d a m a g e your eyes ' r e t i n a s a n d a t a m u c h fas te r r a t e . " 

T h e p i c t u r e i n F i g u r e 1 0 a n d p a r a g r a p h b e l o w p r o v i d e M a y a r e p r e s e n t a t i o n o f t h e 

m o o n . 

F i g u r e 10 : M o o n 

G o d d e s s 

" T h e p i c tu re s in t h e eclipse t a b l e inc lude r e p r e s e n t a t i o n s of t h e Sun G o d , a 

d e a t h god , Venus, a n d t h e goddess Ix T ab , w h o is p o r t r a y e d h a n g i n g f r o m a 

sky b a n d in t h e lower sec t ion of F i g u r e 10. T h e goddess , w i t h her eye closed, 

is m a r k e d by b lack s p o t s on her cheek a n d nipple , i co n o g rap h y as soc ia t ed w i t h 

d e a t h a n d eclipses (Closs 1989). In Y u c a t e c M a y a , t h e ecl ipsed b o d y (sun or 

m o o n ) is sa id t o have i ts eye ex t i ngu i shed or b l inded ( B a r r e r a Vasquez 1980:824), 

echoing t h e closed-eyed p o r t r a i t s of t h e M o o n G o d d e s s in t h e D r e s d e n C o d e x . " 
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A c c o r d i n g t o B a r n h a r t a n d P o w e l l [26] , " . . c o n n e c t e d t o t h e L u n a r Series is a 9 - d a y cycle 

ca l led t h e L o r d s of t h e N i g h t . L i t t l e is k n o w n a b o u t t h e s ign i f i cance or or ig in of t h i s 9 - d a y cycle , b u t it is 

r ecogn ized as t h e sma l l e s t cycle t h e M a y a r e c o r d e d . [..] In t h e i r c o m m u n i t i e s of t h e G u a t e m a l a h i g h l a n d s , 

it is sa id t h a t c o u n t i n g n i n e d a y s f o r w a r d a n d n i n e d a y s b a c k w a r d s f r o m o n e ' s t z o l k ' i n b i r t h d a y gives t h e 

i d e n t i t y of t h e i r p r o t e c t o r sp i r i t s . " 

N o w w e c a n c o m b i n e M a y a h i e r o g l y p h i c i n s c r i p t i o n o f t h e 

L o n g C o u n t d a t e s w i t h C a l e n d a r r o u n d s a n d t h e S u p p l e m e n t a r y 

S e r i e s . F i g u r e 1 1 i l l u s t r a t e s t h e m e t h o d o l o g y o f d e c o d i n g a g l y p h 

[6]. T h e a d d i t i o n a l L o n g C o u n t g l y p h s f o u n d i n t h e i n i t i a l s e r i e s 

c o u n t a t o t a l o f 1 , 4 0 7 , 6 0 0 d a y s . F i g u r e 1 1 i d e n t i f i e s t h e M a y a 

d a t e 9 . 1 5 . 1 0 . 0 . 0 . w h i c h i s l o c a t e d o n S t e l a 1 0 i n P i e d r a s N e g r a s . 

2 . 4 M o d u l a r A r i t h m e t i c 

E v e n t h o u g h M a y a n s h a d i n t r o d u c e d m o d u l a r c o n -

t r i b u t i o n s t o m a t h e m a t i c s a n d s c i e n c e s , t h e i r c a l c u l a t i o n s a r e 

o f t e n o m i t t e d . T h e r e a s o n f o r t h e m a j o r i t y o f b o o k s o n 

t h e s u b j e c t o f t h e h i s t o r y o f m a t h e m a t i c s d o n o t i n c l u d e 

a s e c t i o n i n M a y a n M o d u l a r a r i t h m e t i c i s b e c a u s e t h e c u l -

t u r e w a s i s o l a t e d a n d r e c o r d s d e s t r o y e d . F u r t h e r m o r e , l i t -

t l e d o c u m e n t a t i o n h a s s u r v i v e d a n d w h a t i s l e f t r e m a i n s 

d i f f i c u l t t o d e c o d e a n d r e a d e v e n u s i n g m o d e r n t e r m i n o l -

o g y . H e r e w e w i l l s h o w o n e m o r e i m p o r t a n t m o d u l a r e x a m -

p l e . 

W e n o t i c e t h a t T h e C a l e n d a r R o u n d o f 2 6 0 d a y s c a n b e t h o u g h t o f a s a r i t h m e t i c i n 

m o d u l u s 1 3 . R e c a l l , t h e T z o l k i n , c a l c u l a t e s 2 6 0 d a y s b y c o m b i n i n g 2 0 d a y n a m e s w i t h a 

s e q u e n c e o f n u m b e r s f r o m 1 t o 1 3 . F o r e x a m p l e t h e s e q u e n c e o f d a y s i n t h e T z o l k i n i s 

g i v e n b e l o w f o r d a y s 1 t h r u 2 0 . 

F i g u r e 1 1 : S t e l a 1 0 
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1. I m i x 8 . L a m a t 1 5 . M e n 

2 . I k 9 . M u l u c 1 6 . C i b 

3 . A k b a l 1 0 . O c 1 7 . C a b a n 

4 . K a n 1 1 . C h u e n 1 8 . E t z ' n a b 

5 . C h i c c h a n 1 2 . E b 1 9 . C a u a c 

6 . C i m i 1 3 . B e n 2 0 . A h a u 

7 . M a n i k 1 4 . I x 

F o r e x a m p l e , h e r e i s a s h o r t s e q u e n c e o f d a y s c o m b i n e d w i t h s e l e c t e d m o n t h s a n d d a y s . 

1 2 E b , 1 3 B e n , 1 I x , 2 M e n , 3 C i b 

I n t h i s c o u n t i n g s y s t e m e a c h d a y n a m e w i l l e v e n t u a l l y h a v e a l l t h e d i s t i n c t n u m b e r s f r o m 

1 t o 1 3 . H e n c e , t h e r e w i l l e v e n t u a l l y h a v e 1 I m i x , 2 I m i x , 3 I m i x , . . . , 1 3 I m i x w i t h i n 

t h e 2 6 0 - d a y c o u n t . A s a n e x a m p l e , t h e t a b l e b e l o w e x p r e s s e s t h e first 3 9 d a y s o f t h e 

M a y a C a l e n d a r , T z o l k ' i n . N o t e : t h e l e f t - h a n d s i d e a s t h e d a y c o u n t w i t h c o r r e s p o n d i n g 

m o d u l u s , w h e r e a s , t h e r i g h t - h a n d s i d e o f t h e t a b l e i s t h e c o r r e s p o n d i n g T z o l k ' i n d a t e . 

1 ( m o d 1 3 ) right arrow 1 I m i x 1 4 equals 1 ( m o d 1 3 ) right arrow 1 I x 2 7 equals 1 ( m o d 1 3 ) right arrow 1 M a n i k 

2 ( m o d 1 3 ) right arrow 2 I k 1 5 equals 2 ( m o d 1 3 ) right arrow 2 M e n 2 8 equals 2 ( m o d 1 3 ) right arrow 2 L a m a t 

3 ( m o d 1 3 ) right arrow 3 A k b a l 1 6 equals 3 ( m o d 1 3 ) right arrow 3 C i b 2 9 equals 3 ( m o d 1 3 ) right arrow 3 M u l u c 

4 ( m o d 1 3 ) right arrow 4 K a n 1 7 equals 4 ( m o d 1 3 ) right arrow 4 C a b a n 3 0 equals 4 ( m o d 1 3 ) right arrow 4 O c 

5 ( m o d 1 3 ) right arrow 5 C h i c c h a n 1 8 equals 5 ( m o d 1 3 ) right arrow 5 E t z ' n a b 3 1 equals 5 ( m o d 1 3 ) right arrow 5 C h u e n 

6 ( m o d 1 3 ) right arrow 6 C i m i 1 9 equals 6 ( m o d 1 3 ) right arrow 6 C a u a c 3 2 equals 6 ( m o d 1 3 ) right arrow 6 E b 

7 ( m o d 1 3 ) right arrow 7 M a n i k 2 0 equals 7 ( m o d 1 3 ) right arrow 7 A h a u 3 3 equals 7 ( m o d 1 3 ) right arrow 7 B e n 

8 ( m o d 1 3 ) right arrow 8 L a m a t 2 1 equals 8 ( m o d 1 3 ) right arrow 8 I m i x 3 4 equals 8 ( m o d 1 3 ) right arrow 8 I x 

9 ( m o d 1 3 ) right arrow 9 M u l u c 2 2 equals 9 ( m o d 1 3 ) right arrow 9 I k 3 5 equals 9 ( m o d 1 3 ) right arrow 9 M e n 

1 0 ( m o d 1 3 ) right arrow 1 0 O c 2 3 equals 1 0 ( m o d 1 3 ) right arrow 1 0 A k b a l 3 6 equals 1 0 ( m o d 1 3 ) right arrow 1 0 C i b 

1 1 ( m o d 1 3 ) right arrow 1 1 C h u e n 2 4 equals 1 1 ( m o d 1 3 ) right arrow 1 1 K a n 3 7 equals 1 1 ( m o d 1 3 ) right arrow 1 1 C a b a n 

1 2 ( m o d 1 3 ) right arrow 1 2 E b 2 5 equals 1 2 ( m o d 1 3 ) right arrow 1 2 C h i c c h a n 3 8 equals 1 2 ( m o d 1 3 ) right arrow 1 2 E t z ' n a b 

1 3 ( m o d 1 3 ) right arrow 1 3 B e n 2 6 equals 1 3 ( m o d 1 3 ) right arrow 1 3 C i m i 3 9 equals 1 3 ( m o d 1 3 ) right arrow 1 3 C a u a c 

T h i s c o n t i n u e s u n t i l 2 6 0 d a y s h a v e e l a p s e d , o n e c o m p l e t e c y c l e o f t h e T z o l k i n . T h e 

M a y a w e r e a b l e t o c a l c u l a t e c a l e n d a r d a t e s b y p e r f o r m i n g o p e r a t i o n s i n m o d u l o 1 3 . 



1 8 

2 . 5 M o d e r n M o d u l i A r i t h m e t i c 

A l t h o u g h , t h e M a y a s d e v e l o p e d s o p h i s t i c a t e d m o d u l a r m a t h e m a t i c s t h e i r c u l t u r e a n d 

a c h i e v e m e n t s a r e r a r e l y d i s c u s s e d i n m a t h c l a s s r o o m s i n C a l i f o r n i a . A c c o r d i n g t o M i c h a e l 

C l o s s [4], 

" B o o k s o n t h e h i s t o r y of m a t h e m a t i c s d o n o t a lways re fe r t o M a y a n d e v e l o p m e n t s a n d w h e y t h e y 

d o so i t is a l m o s t in a c u r s o r y m a n n e r . For e x a m p l e , it m a y b e m e n t i o n e d t h a t t h e M a y a u t i l i zed 

a s y s t e m of p o s i t i o n a l n o t a t i o n w h i c h i n c o r p o r a t e d z e r o a n d p e r h a p s a br ief d e s c r i p t i o n of M a y a b a r 

a n d d o t n u m e r a t i o n m a y b e a t t e m p t e d . However , m a n y o t h e r i n c r e d i b l y a t t r a c t i v e M a y a m a t h e m a t -

ical n o t a t i o n s a r e neve r d i scussed a n d c o n t e x t s a n d p u r p o s e s of M a y a m a t h e m a t i c s a r e neg l ec t ed . " 

H o w e v e r , i n m a n y u n d e r g r a d u a t e m a t h e m a t i c s c o u r s e s s t u d e n t s h a v e t h e o p p o r t u n i t y 

t o d i s c o v e r a c o n t r i b u t i o n s o f v a r i o u s c u l t u r e s . F o r e x a m p l e , a c c o r d i n g t o E v e s [13] , " A f t e r 

t h e d e c l i n e o f c l a s s i c a l G r e e k m a t h e m a t i c s , t h e m a t h e m a t i c s o f C h i n a b e c a m e o n e o f t h e 

m o s t p r o s p e r o u s i n t h e w o r l d . " F u r t h e r m o r e , E v e s c r e d i t s t h e m a t h e m a t i c i a n S u n - t z i f o r 

t h e d i s c o v e r y o f t h e C h i n e s e R e m a i n d e r T h e o r e m i n a b o u t A . D . 6 0 0 . M o r e o v e r , m a n y 

a b s t r a c t a l g e b r a t e x t s d o n o t g i v e a n y c r e d i t f o r m o d u l a r a r i t h m e t i c s t o M a y a n s : 

" T h e C h i n e s e R e m a i n d e r T h e o r e m w a s k n o w n t o a n c i e n t C h i n e s e a s t r o n o m e r s , w h o u s e d i t t o d a t e 

e v e n t s f r o m o b s e r v a t i o n s of va r i ous p e r i o d i c a s t r o n o m i c a l p h e n o m e n a . I t is u s e d in t h i s c o m p u t e r age as 

a t o o l for finding in t ege r s o l u t i o n s t o i n t ege r e q u a t i o n s a n d for s p e e d i n g u p a r i t h m e t i c o p e r a t i o n s in a 

c o m p u t e r . " 

L e t ' s a n a l y z e t h e C h i n e s e R e m a i n d e r T h e o r e m h e r e [15] . 

T h e o r e m : 1 . Let m sub 1, m sub 2 . . . m sub r set membership symbol Natural number where G C D parenthesis m sub i, m sub j parenthesis 

equals 1 if i does not equal j . Then the system of r simultaneous equations x congruence relation a sub 1 parenthesis m o d m sub 1 

parenthesis, x congruence relation a sub 2 parenthesis m o d m sub 2 parenthesis three dots x congruence relation a sub 4 parenthesis 

m o d m sub 4 always has integer solutions. Moreover, if b is one solution, the complete solution is the set of integers satisfying 

x congruence relation b parenthesis m o d capital M parenthesis, where capital M equals m sub 1 dot m sub 2 three dots m sub r 

E x a m p l e : 8 . Special Cases: 

W e p r o v e t h e C h i n e s e R e m a i n d e r T h e o r e m f o r r equals 2 a n d r equals 3 . 
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P r o o f 1 . Let r equals 2 . 

T h e n m sub 1, m sub 2 set membership symbol Natural number w h e r e G C D parenthesis m sub 1, m sub 2) equals 1 . T h e n , w e h a v e a 

s y s t e m o f s i m u l t a n e o u s c o n g r u e n c e s a s f o l l o w s : 

( 1 . ) x congruence relation a sub 1 ( m o d m sub 1) 

( 2 . ) x congruence relation a sub 2 ( m o d m sub 2) 

L e t d sub 1 equals n sub 1 ( m o d n sub 2). W e c a n find e sub 1 s u c h t h a t d sub 1 dot e sub 1 congruence relation parenthesis m o d n 

sub 2 parenthesis b e c a u s e n sub 1 a n d n sub 2 a r e c o - p r i m e . L e t b sub 2 equals n sub 1 dot e sub 1. T h e n l e t d sub 2 equals n sub 2 

parenthesis m o d n sub 1 parenthesis. W e c a n find e sub 2 s u c h t h a t d sub 1 dot e sub 2 congruence relation 1 parenthesis m o d n sub 2 

equals 1 parenthesis, w h e r e w e d e f i n e b sub 1 equals n sub 2 dot e sub 1. 

T h e n , b sub 1 equals d sub 2 dot e sub 2 congruence relation 1 parenthesis m o d m sub 1 parenthesis a n d b sub 2 equals d sub 1 dot e sub 2 

congruence relation 1 parenthesis m o d m sub 2 parenthesis H e n c e t h e s o l u t i o n i s a s f o l l o w s , 

x congruence relation b sub 1 dot a sub 1 plus b sub 2 dot a sub 2 parenthesis m o d capital M parenthesis w h e r e capital M equals m sub 1 dot m sub 2 

E x a m p l e 

( 1 ) x congruence relation 2 ( m o d 3 ) 

( 2 ) x congruence relation 4 ( m o d 5 ) 

H e r e d sub 1 congruence relation 3 ( m o d 5 ) equals 3 a n d d sub 2 congruence relation 5 ( m o d 3 ) equals 2 . 

I t f o l l o w s t h a t d sub 1 dot e sub 1 equals 3 dot 2 congruence relation 1 ( m o d 5 ) . (i e : e sub 1 equals 2 a n d b sub 2 equals 6 ) . 

S i m i l a r l y , d sub 2 dot e sub 2 equals 2 dot 2 congruence relation 1 ( m o d 3 ) . (i e : e sub 2 equals 2 a n d b sub 1 equals 1 0 ) . 

H e n c e t h e s o l u t i o n i s a s f o l l o w s , 

x congruence relation 2 dot 1 0 plus 4 dot 6 congruence relation 4 4 ( m o d 1 5 ) congruence relation 1 4 ( m o d 1 5 ) . 

W h e r e 1 4 congruence relation 2 ( m o d 3 ) a n d 1 4 congruence relation 4 ( m o d 5 ) . 

P r o o f 2 . Let r equals 3 

T h e n m sub 1, m sub 2, m sub 3 set membership symbol natural number w h e r e G C D ( m sub 1,m sub 2, m sub 3) equals 1 

T h e n , w e h a v e a s y s t e m o f s i m u l t a n e o u s c o n g r u e n c e s a s f o l l o w s : 

( 1 . ) x congruence relation a sub 1 ( m o d m sub 1) 

( 2 . ) x congruence relation a sub 2 ( m o d m sub 2) 
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( 3 . ) x congruence relation a sub 3 ( m o d m sub 3) 

L e t d sub 1 equals n sub 2 dot n sub 3 ( m o d n sub 1) a n d l e t d sub 1 dot e sub 1 congruence relation 1 ( m o d n sub 1). T h e n , b sub 1 

equals n sub 2 dot n sub 3 dot e sub 1 a n d f o l l o w s p r e v i o u s c a s e . 

H e n c e , f r o m m o d u l a r c o n g r u e n c e p r o p e r t i e s w e c a n find b sub 1 , b sub 2, b sub 3 s . t . 

b sub 1 congruence relation 1 ( m o d m sub 1), b sub 2 congruence relation 1 ( m o d m sub 2), b sub 3 congruence relation 1 ( m o d m sub 3) 

T h e n t h e s o l u t i o n i s a s f o l l o w s : 

x congruence relation b sub 1 dot a sub 1 plus b sub 2 dot a sub 2 plus b sub 3 dot a sub 3 ( m o d capital M ) w h e r e capital M equals m sub 1 dot m sub 2 dot 

m sub 3 P r o o f 3 . G e n e r a l C a s e ( f o l l o w i n g G i l b e r t a n d N i c h o l s o n [ 1 5 ] ) , 

P r o o f : L e t capital M equals m sub 1 dot m sub 2 dot dot dot m sub r, w h e r e G C D parenthesis m sub i, m sub j parenthesis equals 1 if i not 

equal to j . T h e n integer numbers set symbol sub m 1 times integer numbers set symbol sub m 2 times dot dot dot 

times integer numbers set symbol sub m r i s a r i n g i s o m o r p h i c t o integer numbers set symbol sub m. C o n s i d e r t h e f o l l o w i n g r i n g i s o m o r p h i s m 
f colon integer numbers set symbol sub capital M right arrow integer numbers set symbol sub m 1 times integer numbers set symbol sub m 2 times 

integer numbers set symbol sub m r d e f i n e d b y f parenthesis square bracket x square bracket sub m parenthesis equals parenthesis square bracket x 
square bracket sub m 1, square bracket x square bracket sub m 2, dot dot dot , square bracket x square bracket sub m r parenthesis. T h e i n t e g e r x i s a 

s o l u t i o n o f t h e simultaneous c o n g r u e n c e s if a n d o n l y if f parenthesis square bracket x square bracket sub m 1 parenthesis equals parenthesis square 
bracket a sub m 1 square bracket a sub 2 square bracket sub m 2, dot dot dot, square bracket a sub r square bracket sub m r parenthesis. S i n c e t h e r e 

i s o n l y a finite n u m b e r o f c o n d i t i o n s a n d G C D parenthesis m sub i,m sub j parenthesis equals 1 i f i not equal to j , t h e r e e x i s t s a 

s o l u t i o n , a n d t h e s o l u t i o n s e t c o n s i s t s o f e x a c t l y o n e c o n g r u e n c e c l a s s m o d u l o capital M . E x a m p l e : 9 . L e t x be c o n g r u e n t t o 1 m o d 3 , 2 m o d 5 a n d 3 

m o d 7. W e h a v e t h e f o l l o w i n g c o n g r u e n c e s : 

( 1 . ) x congruence relation 1 ( m o d 3 ) ( 2 . ) x congruence relation 2 ( m o d 5 ) ( 3 . ) x congruence relation 3 ( m o d 7 ) 

W e k n o w f r o m n u m b e r t h e o r y t h a t if t h e m o d u l u s a r e p a i r w i s e r e l a t i v e l y p r i m e t h e n capital M sub i vertical bar b sub i a n d b sub i equals c sub i, 

capital M sub i. W h e r e capital M sub i c o r r e s p o n d s t o t h e f o l l o w i n g : 

capital M sub 1 equals 5 time 7 equals 3 5 
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Capital M sub 2 equals 3 times 7 equals 2 1 

Capital M sub 3 equals 3 times 5 equals 1 5 H e n c e w e c a n w r i t e c sub i capital M sub i congruence relation 1 parenthesis m o d capital M 

parenthesis sub i C o n g r u e n c e s ( 1 . ) to ( 3 . ) r e q u i r e t h e f o l l o w i n g , r e s p e c t i v e l y 

( a ) c sub 1 3 5 congruence relation 1 ( m o d 3 ) 

( b ) c sub 2 2 1 congruence relation 1 ( m o d 5 ) 

( c ) c sub 3 1 5 congruence relation 1 ( m o d 7 ) 

U s i n g t h e E u c l i d e a n A l g o r i t h m w e h a v e t h e f o l l o w i n g c o m p u t a t i o n f o r c o n g r u e n c e f o r 

( a ) , 1 equals 3 5 parenthesis negative 1 parenthesis plus 3 parenthesis 1 2 parenthesis. T h e n b sub 1 equals parenthesis negative 1 parenthesis 3 5 , s o b sub 1 

equals negative 3 5 . 

R e p e a t i n g t h e p r o c e s s a b o v e w e find, b sub 2 equals 2 1 , b sub 3 equals 1 5 . 

H e n c e , t h e s o l u t i o n t o t h e c o n g r u e n c e i s a s f o l l o w s : 

x congruence relation negative 3 5 dot 1 plus 2 1 dot 2 plus 1 5 dot 3 ( m o d 1 0 5 ) right arrow x congruence relation 5 2 ( m o d 1 0 5 ) 

R e m a r k 1. N o t e t h a t w h e n t h e m o d u l i a r e n o t p a i r w i s e r e l a t i v e l y p r i m e t h e r e m a y be n o s o l u t i o n a n d t h e a l g o r i t h m d o e s n o t w o r k i n 

g e n e r a l . 

E x a m p l e : 10 . L e t x be c o n g r u e n t t o 1 m o d 6 a n d 2 m o d 1 5 . 

W e h a v e t h e f o l l o w i n g c o n g r u e n c e s : 

( 1 . ) x congruence relation 1 ( m o d 6 ) ( 2 . ) x congruence relation 2 ( m o d 1 5 ) 

W e find t h a t L C M square bracket 6 , 1 5 square bracket equals 3 0 

H e n c e , f r o m t h e first c o n g r u e n c e i t f o l l o w s t h a t : 

x equals 1 plus 6 k 

w e s u b s t i t u t e t h i s i n t o t h e s e c o n d c o n g r u e n c e a n d o b t a i n : 

1 plus 6 k equals 2 ( m o d 1 5 ) right arrow 6 k congruence relation 1 ( m o d 1 5 ) 

B u t G C D parenthesis 6 , 1 5 parenthesis equals 3 not equal to 1 double right arrow 3 slashed vertical line 1 n o s o l u t i o n set membership symbol k double 

right arrow n o s o l u t i o n f o r x . T h e s e e x a m p l e s s h o w t h a t t h e e s s e n c e o f m o d u l a r a r i t h m e t i c i s e v i d e n t i n t h e M a y a c a l e n d a r c y c l e s . F o r e x a m p l e , t h e 

T z o l k ' i n w a s d i s c u s s e d i n w o r k i n g m o d u l u s 1 3 i n o r d e r t o c r e a t e a c y c l e o f 2 6 0 - d a y s . F u r t h e r m o r e , t h e i r v i g e s i m a l s y s t e m c a n b e e a s i l y c o m p u t e d 
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u s i n g m o d u l u s o f t h e p o w e r s o f 2 0 . I n m o d e r n t i m e s , w e u s e t h e C h i n e s e R e m a i n d e r 

T h e o r e m , t o c a l c u l a t e m o d u l a r a r i t h m e t i c p r o b l e m s , b u t t h e s e m e t h o d s w e r e u s e d b y 

M a y a n s . T h e r e i s n o e v i d e n c e t h a t M e s o a m e r i c a n M a y a n s h a d a n y c o n t a c t w i t h o t h e r 

a n c i e n t c i v i l i z a t i o n s o f t h a t t i m e p e r i o d , h e n c e w e c a n a s s u m e t h a t t h e y h a v e d e v e l o p e d 

t h e m o d u l a r a r i t h m e t i c i n d e p e n d e n t o f o t h e r c u l t u r e s . 

3 S t u d e n t A c t i v i t i e s 

W e i n c o r p o r a t e d t h e s c i e n t i f i c c o n t r i b u t i o n s o f t h e M a y a n s i n t o a l g e b r a p r o b l e m s t o 

p r o v i d e a m a t h e m a t i c a l u n d e r s t a n d i n g t h a t i n c o r p o r a t e s h i s t o r y , c u l t u r e a n d i d e n t i t y i n t o 

t h e c l a s s r o o m . W e d e v e l o p a c t i v i t i e s b a s e d o n M a y a n m a t h e m a t i c s t o s e r v e C a l i f o r n i a ' s 

d i v e r s e p o p u l a t i o n a s a t o o l t o t e a c h m a t h e m a t i c s i n a c u l t u r a l c o n t e x t . I n p a r t i c u l a r , w e 

i n t r o d u c e s t u d e n t s t o a r i t h m e t i c i d e a s f o u n d i n t h e M e s o a m e r i c a n c a l e n d r i c s a n d c o m -

p a r e t h e m t o t h e a c h i e v e m e n t s b a s e d o n t h e C h i n e s e R e m a i n d e r T h e o r e m . W e s u r v e y e d 

s t u d e n t s t o e x p l o r e w h e t h e r m a t h e m a t i c a l i n s t r u c t i o n i n a c u l t u r a l M a y a n c o n t e x t p r o -

d u c e s a s e n s e o f p r i d e a n d / o r r e l e v a n c e t o L a t i n o s a n d i m p r o v e a t t i t u d e s t o w a r d s h i g h e r 

e d u c a t i o n i n t h e s c i e n c e , t e c h n o l o g y , e n g i n e e r i n g , a n d m a t h e m a t i c s ( S T E M ) d i s c i p l i n e s . 

C S U C I s t u d e n t s a r e r e f e r r e d t o a s C l a s s 1 a n d S B C C s t u d e n t s a r e r e f e r r e d t o a s 

C l a s s 2 . T h e s t u d e n t a c t i v i t i e s i n t r o d u c e d m o d u l a r a r i t h m e t i c i n a t h e o r e t i c a l M a y a n 

f r a m e w o r k . B o t h s a m p l e s o f s t u d e n t s w e r e g i v e n a n i n - c l a s s p o w e r p o i n t p r e s e n t a t i o n o f 

M a y a n a r i t h m e t i c a n d C a l e n d a r s . T h e d u r a t i o n o f t h e p r e s e n t a t i o n w a s a n e s t i m a t e d 

6 0 m i n u t e s p e r c l a s s . B o t h c l a s s e s w e r e g i v e n s e a s h e l l s , t o o t h p i c k s a n d d o t s t o h e l p 

v i s u a l i z e t h e M a y a n s n u m e r i c a l r e p r e s e n t a t i o n . C l a s s 1 w a s g i v e n a s e p a r a t e p r e - t e s t a n d 

q u e s t i o n n a i r e . C l a s s 2 w a s g i v e n a c o m b i n e d p r e - t e s t a n d q u e s t i o n n a i r e a n d a n a d d i t i o n a l , 

p o s t - t e s t . T h e q u e s t i o n n a i r e a l l o w e d s t u d e n t s t o i d e n t i f y w i t h a c u l t u r e , w h e r e a s , t h e 

M a y a - l e c t u r e i n t e g r a t e d t h e L a t i n o c u l t u r e i n t o t h e a l g e b r a c l a s s r o o m . T h e p o s t - t e s t 

a n a l y z e d m a t h e m a t i c a l u n d e r s t a n d i n g o f m o d u l a r a r i t h m e t i c w h i l e c a p t u r i n g i n f o r m a t i o n 

a b o u t s t u d e n t a t t i t u d e a n d p r i d e i n c u l t u r a l a c h i e v e m e n t s . 
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4 D a t a A n a l y s i s 

T h e t w o c o m p a r a b l e a l g e b r a c o u r s e s , C S U C I a n d S B C C , a r e r e f e r r e d t o a s C l a s s 

1 a n d C l a s s 2 , r e s p e c t i v e l y . A l l d a t a c o l l e c t e d c a n b e f o u n d i n A p p e n d i x . C l a s s 2 h a s 

a d i v e r s e s t u d e n t p o p u l a t i o n w h o s e a g e d i s t r i b u t i o n w a s w i d e r t h a n C l a s s 1. T h e d e m o -

g r a p h i c s o f t h e c o m m u n i t y c o l l e g e r e p r e s e n t s a m i n i - p o p u l a t i o n i n c l a s s r o o m s . W h e r e a s , 

t h e a g e o f f r e s h m a n s t u d e n t s r a n g e d b e t w e e n 1 8 a n d 2 0 w h o m w e r e e n r o l l e d i n a n i n t r o -

d u c t o r y a l g e b r a c o u r s e a t C S U C I . 

T h e P r e - T e s t w a s g r a d e d a s f o l l o w s f o r q u a n t i t a t i v e q u e s t i o n s , 

5 points: C o r r e c t a n s w e r a n d c o r r e c t w o r k t o s u p p o r t a n s w e r . 

4 points: C o r r e c t a n s w e r a n d i n c o r r e c t w o r k t o s u p p o r t a n s w e r . 

3 points: I n c o r r e c t a n s w e r b u t c o r r e c t w o r k t o s u p p o r t a n s w e r . 

2 points: I n c o r r e c t a n s w e r a n d i n c o r r e c t w o r k t o s u p p o r t a n s w e r a t t e m p t e d . 

1 points: l e f t b l a n k . 

F o r q u a l i t a t i v e q u e s t i o n s a n d g r a d i n g , a l l s t u d e n t s w e r e g i v e n q u a l i t a t i v e q u e s t i o n s 

a n d a n s w e r e d t h e m b y c i r c l i n g t h e a n s w e r . M o s t o f t h e s e q u e s t i o n s w e r e g i v e n a s c a l e 

o f 1 t o 5 , w h e r e 5 i s t h e s t r o n g e s t a s s o c i a t i o n f o r t h e a n s w e r . S e v e r a l q u e s t i o n s w e r e 

e v a l u a t e d o n a s c a l e f r o m 1 t o 4 . 

D e s c r i p t i o n o f P r e - T e s t 

C l a s s 2 r e c e i v e d a p r e - t e s t t h a t c o m b i n e d d a t a f o u n d i n t h e q u e s t i o n n a i r e a n d p r e - t e s t 

t h a t w a s g i v e n t o C l a s s 1. A q u e s t i o n n a i r e o f 1 8 q u e s t i o n s a n d a p r e - t e s t o f 4 q u e s t i o n s 

w a s d i s t r i b u t e d t o i n t e r m e d i a t e a l g e b r a s t u d e n t s i n C l a s s 1. T h e p r e - t e s t g i v e n t o C l a s s 

2 s t u d e n t s h a d 1 0 q u e s t i o n s . T h e q u e s t i o n n a i r e w a s c o m p l e t e d b y 2 6 s t u d e n t s i n C l a s s 

1, w h e r e a s 2 4 s t u d e n t s i n C l a s s 2 c o m p l e t e d t h e p r e - t e s t . Q u a n t i t a t i v e a n d q u a l i t a t i v e 

q u e s t i o n s c a n b e f o u n d i n A p p e n d i x . 
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4 . 1 D e s c r i p t i v e A n a l y s i s 

T h i s s e c t i o n s u m m a r i z e s t h e s t a t i s t i c a l o b s e r v a t i o n s f r o m t h e p r e - t e s t f o r C l a s s 2 . T h e 

d a t a w a s c a l c u l a t e d w i t h s a m p l e s i z e n equals 2 5 . T h e q u e s t i o n s i n t h e p r e t e s t f o r C l a s s 2 a r e 

l a b e l e d Q 1 hyphen Q 1 0 . 

Q 1 : O n a s c a l e of 1 t o 5, ( w i t h 5 b e i n g t h e h i g h e s t ) w h a t is y o u r c u r r e n t i n t e r e s t l e v e l i n m a t h ? 

F i g u r e 1 2 : I n t e r e s t i n M a t h ( C l a s s 2 ) 

T h e s t a t i s t i c a l r e s u l t s i n d i c a t e t h a t s t u d e n t s i n t h i s g r o u p w e r e i n t e r e s t e d i n m a t h . 

U s i n g a s c a l e o f capital R square bracket 1, 5 square bracket, w e u s e d E x c e l t o c a l c u l a t e t h e f o l l o w i n g , mu equals 3 

point 8 , sigma equals 1 point 1, capital M equals 4 

a n d m o d e equals 5 . S i n c e t h e i n t e r e s t w a s m e a s u r e d a s q u a l i t a t i v e d a t a , t h e m o d e a t 5 , 

s u g g e s t s t h a t t h e a v e r a g e s t u d e n t i s h i g h l y i n t e r e s t e d i n m a t h . I n t e r e s t i n m a t h e m a t i c s 

i s a c o m p o n e n t o f m o t i v a t i o n i n t h e c l a s s r o o m . If a s t u d e n t l a c k s i n t e r e s t i n a s u b j e c t o r 

t o p i c t h e n a s a r e s u l t , t h e s t u d e n t m a y b e l e s s l i k e l y t o b e m o t i v a t e d t o d o w e l l . T h e r e 

w a s o n l y o n e s t u d e n t t h a t w a s n o t i n t e r e s t e d i n m a t h a n d t w o w e r e n o t s u r e if t h e y w e r e 

i n t e r e s t e d i n m a t h . T h e q u e s t i o n n a i r e f o r C l a s s 1 , h a d a s i m i l a r q u e s t i o n t h a t a i m e d t o 

d e t e r m i n e if s t u d e n t s w e r e i n t e r e s t e d i n m a t h . S t u d e n t s w e r e a s k e d t h e f o l l o w i n g , 

O n a s c a l e of 1 t o 5, ( w i t h 5 b e i n g t h e h i g h e s t ) , w h a t is y o u r c o n f i d e n c e l e v e l i n t h e m a t h c l a s s ? 

T h e r e s u l t s w e r e a s f o l l o w s , mu equals 3 point 8 8 , sigma equals 0 point 8 5 , capital M equals 4 a n d m o d e equals 4 . D a t a s u g g e s t s 

t h a t s t u d e n t s w e r e h i g h l y c o n f i d e n t i n C l a s s 1. T h e r e s u l t s a r e i n t e r e s t i n g b e c a u s e m a t h 

d e g r e e s a r e n o t b e i n g p u r s u e d d e s p i t e t h e s t r o n g i n t e r e s t a n d c o n f i d e n c e i n t h e s u b j e c t . 
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T h e figure b e l o w d e m o n s t r a t e s h o w t h e s e c o n d q u e s t i o n w a s p r e s e n t e d o n t h e p r e t e s t . 

F i g u r e 1 3 : M o d u l i 3 6 0 ( C l a s s 2 ) 

(2.) Below is a picture of a circle on the X Y plane. You can travel around it and measure 
the angle in degrees. Lets say that you start at 90 degrees and you travel on the circle 
(from 90 degrees) towards the left down to 180 then 270, then 360 and back up-to 90 
degrees. This way you complete one full cycle. 

Lets say you start at 90 degrees again, and travel around the circle as above (to the 
left) for a longer time. In fact, you have traveled a total of 780 degrees. Place an X 
on where you end up on the graph below. Explain your reasoning with one or two 
full sentences. 

U s i n g a s c a l e o f capital R square bracket 1 , 5 square bracket, f o r q u a n t i t a t i v e d a t a t h e r e s u l t s w e r e a s f o l l o w s , 

mu equals 3 point 6 3 , sigma equals 0 point 9 6 , capital M equals 4 a n d m o d e equals 4 , t h e r e f o r e t h e d i s t r i b u t i o n s h a p e i s s y m m e t r i c 

a t 4 w i t h a s m a l l s t a n d a r d d e v i a t i o n f o r C l a s s 2 . H e r e , t h e m a j o r i t y o f s t u d e n t s k n e w h o w 

t o c o n c e p t u a l i z e m o d u l a r n u m b e r s w h e n p l a c e d i n t o a c o n t e x t o f u s i n g d e g r e e s o n a g r a p h . 

A t o t a l o f n i n e s t u d e n t s d e m o n s t r a t e d t h e y c o u l d a r r i v e a t t h e c o r r e c t a n s w e r o f 1 5 0 degrees u s i n g 

l o g i c a l r e a s o n i n g . H o w e v e r , t h e p r e t e s t i n C l a s s 1 d i d n o t i n c l u d e t h e f o l l o w i n g s e n t e n c e , 

" e x p l a i n y o u r r e a s o n i n g w i t h o n e o r t w o f u l l s e n t e n c e s . " C l a s s 2 h a d t h e f o l l o w i n g r e s u l t s , 

mu equals 2 point 8 , sigma equals 1 point 0 8 capital M equals 2 a n d m o d e equals 2 , t h e r e f o r e t h e d i s t r i b u t i o n s h a p e i s s y m m e t r i c 

a t 2 . D a t a s u g g e s t s t h a t C l a s s 2 h a d a d i f f i c u l t t i m e w i t h m o d u l i 3 6 0 . 
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Q 3 : D o y o u h a v e a n y H i s p a n i c o r L a t i n o h e r i t a g e ? 

F i g u r e 1 4 : S t u d e n t P o p u l a t i o n 

F r o m C l a s s 2 , 1 0 o u t o f 2 5 s t u d e n t s i d e n t i f i e d w i t h L a t i n o o r H i s p a n i c h e r i t a g e . I n contrast, C l a s s 1 , h a d 1 7 o u t o f 2 6 s t u d e n t s t h a t i d e n t i f i e d 

w i t h t h e s a m e h e r i t a g e . F r o m t h e d a t a w e c a n i n t e r p r e t t h a t s t u d e n t s o f L a t i n o a n d H i s p a n i c b a c k g r o u n d s a r e i n a d e q u a t e l y p r e p a r e d f o r 

c o l l e g e - l e v e l m a t h a n d s c i e n c e c o u r s e s b e c a u s e t h e y r e p r e s e n t a s i g n i f i c a n t l y l a r g e p o r t i o n o f t h e o v e r a l l p o p u l a t i o n i n t h e c l a s s r o o m s . 

Q 4 : C h o o s e a s t a t e m e n t t h a t b e s t a p p l i e s t o y o u f r o m b e l o w . 

1: I d o n ' t k n o w a n y M a y a n a c h i e v e m e n t s , I w a s n e v e r i n t e r e s t e d . 

2 : I h a v e h e a r d s o m e t h i n g a b o u t M a y a n s c i e n c e , b u t d o n o t k n o w d e t a i l s . 

3 : I h a v e l i s t e d e x a m p l e s of M a y a n s c i e n c e a b o v e , b u t I c a n n o t d e s c r i b e t h e m . I h a v e n e v e r m a k e a n e f f o r t t o find o u t m o r e . 

4 : I k n o w of s e v e r a l M a y a n a c h i e v e m e n t s d e s c r i b e d a b o v e a n d I a m v e r y p r o u d of t h e m . 

T h e s t a t i s t i c a l r e s u l t s f o r C l a s s 2 f o r Q 4 w a s a s f o l l o w s , 

mu equals 2 point 1, sigma equals 0 point 8 , capital M equals 2 a n d m o d e equals 2 . H e r e , t h e d i s t r i b u t i o n s h a p e i s s y m m e t r i c a t 2 

w i t h a s m a l l s t a n d a r d d e v i a t i o n . T h e q u e s t i o n n a i r e f o r C l a s s 1 a s k e d , " D i d y o u k n o w t h a t t h e M a y a n s a r e A m e r i c a n a n c e s t o r s w h o m h a d a 

s o p h i s t i c a t e d c a l e n d a r s y s t e m ? ( P l e a s e 
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d e s c r i b e w h a t y o u k n o w ) . " A b o u t 8 4 % o f s t u d e n t s i n C l a s s 1 , w e r e a b l e t o d e s c r i b e a n d 

o r r e l a t e t o t h e " e n d o f t h e w o r l d . " H e r e , t h e m a j o r i t y o f s t u d e n t s k n e w s o m e t h i n g a b o u t 

M a y a s c i e n c e b u t d i d n o t k n o w a n y d e t a i l s . T h e s o c i a l m e d i a p u b l i c i z e s t h a t t h e M a y a n s 

p r e d i c t e d a n a p o c a l y p s e e n d i n D e c e m b e r 2 0 1 2 . S t u d e n t s h a v e b e e n i n t r o d u c e d t o t h i s 

a n c i e n t c i v i l i z a t i o n , b u t l a c k e d t h e m o t i v a t i o n t o v e r i f y f a c t s a b o u t t h e M a y a n s . 

Q 5: C h a n g i n g f r o m a n o n - t e n b a s e t o b a s e t e n : W h a t d o e s 2 1 0 3 sub four r e p r e s e n t i n b a s e t e n ? 

( H i n t : t h e first f o u r p l a c e v a l u e s i n b a s e f o u r a r e w r i t t e n b e l o w . ) 4 cubed, 4 squared, 4 to the first power, 4 to the 0 power. 

T h e F i g u r e b e l o w d e s c r i b e s t h e d a t a b e i n g s k e w e d t o t h e r i g h t . U s i n g a s c a l e o f capital R square bracket 1, 5 square bracket, 

f o r q u a n t i t a t i v e d a t a t h e r e s u l t s w e r e a s f o l l o w s , mu equals 1 point 4 8 , sigma equals 0 point 5 9 , captial M equals 1 a n d m o d e 

equals 1. 

F i g u r e 15 : B a s e F o u r c o n v e r s i o n t o B a s e T e n ( C l a s s 2 ) 

T h e s t u d e n t h i g h e s t s c o r e w a s 3 o u t o f 5 p o i n t s , i n d i c a t e s t h a t c o l l e g e s t u d e n t s e n r o l l e d 

i n r e m e d i a l m a t h c o u r s e s d o n ' t c o n c e p t u a l i z e n u m e r i c a l s y s t e m s t h a t a r e d i f f e r e n t t h a n 

b a s e 1 0 . Q 5 w a s p r e s e n t e d i n a n a r i t h m e t i c a l m a n n e r a n d t h e a v e r a g e s t u d e n t l e f t t h i s 

b l a n k a n d n o e f f o r t w a s p u t f o r t h t o a t t e m p t t o s o l v e t h i s p r o b l e m . D a t a s u g g e s t s t h a t 

s t u d e n t s a r e c a p a b l e o f m o d u l a r a r i t h m e t i c w h e n p r e s e n t e d w i t h v i s u a l a i d s s u c h a s i n 

q u e s t i o n 2 , b u t t h e y l a c k t h e c o n f i d e n c e t o a t t e m p t p r o b l e m s w i t h a n a l g e b r a i c a p p r o a c h . 

Q 6: D o y o u k n o w a b o u t a n y m a t h e m a t i c a l o r s c i e n t i f i c a c h i e v e m e n t s of M a y a n s ? 

S t u d e n t s r e c e i v e d a s c o r e a c c o r d i n g t o t h e i r a b i l i t y t o l i s t s c i e n t i f i c a c h i e v e m e n t s . H e r e t h e m o s t f r e q u e n t a n s w e r w a s M a y a c a l e n d a r . U s i n g a 

s c a l e o f captial R square bracket 1, 5 square bracket , f o r q u a n t i t a t i v e 
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d a t a t h e r e s u l t s w e r e a s f o l l o w s , mu equals 2 point 7 9 , sigma equals 1 point 5 6 , capital M equals 4 a n d m o d e equals 4 . T h e 

m a j o r i t y o f t h e s c o r e s w e r e e i t h e r 1 o r 4 . O n l y o n e s t u d e n t r e c e i v e d a s c o r e o f 5 f o r t h e 

f o l l o w i n g a n s w e r , " I o n l y k n o w t h a t t h e y w e r e g o o d a s t r o n o m e r s a n d c o u l d p r e d i c t m o v e m e n t s 

of s t a r s a n d p l a n e t s . T h e y h a d s i g h t l i n e s i n t h e i r c i t i e s f o r c e r t a i n d a t e s . " 

Q 7: O n a s c a l e of 1 t o 5, ( w i t h b e i n g t h e h i g h e s t ) , h o w l i k e l y a r e y o u t o d i s c u s s m a t h w i t h f a m i l y a n d f r i e n d s o u t s i d e of t h e c l a s s r o o m ? 

5: l i k e l y t o h a v e d i s c u s s i o n s a b o u t m a t h w i t h f a m i l y a n d f r i e n d s 

4: s o m e w h a t d i s c u s s e s m a t h w i t h f a m i l y a n d f r i e n d s 

3: n e u t r a l 

2 : n o t s u r e if m a t h is d i s c u s s e d w i t h f a m i l y a n d f r i e n d s 

1: d o e s n o t d i s c u s s m a t h w i t h f a m i l y a n d f r i e n d s 

F i g u r e 1 6 : D i s c u s s i n g M a t h ( C l a s s 2 ) 

T h e F i g u r e a b o v e s u m m a r i z e s t h e f o l l o w i n g r e s u l t s f r o m e x c e l mu equals 3 point 8 , sigma equals 1 point 1, capital M 

equals 4 a n d t h e r e w a s n o m o d e . E i g h t s t u d e n t s i n d i c a t e d t h e y w e r e n e u t r a l a b o u t d i s c u s s i n g 

m a t h b e y o n d l e c t u r e a n d e i g h t s t u d e n t s i n d i c a t e d t h e y a r e l i k e l y t o h a v e d i s c u s s m a t h 

w i t h f r i e n d s a n d f a m i l y . H e r e , o n l y o n e s t u d e n t d i d n o t a n s w e r t h e q u e s t i o n a n d d i d n o t 

r e c e i v e a s c o r e . S t u d e n t s m a y h a v e b e e n g i v e n t o o b r o a d o f a q u e s t i o n a s t o d i s c u s s i n g 

m a t h . A s t u d e n t d i s c u s s e s m a t h i n l e c t u r e , t u t o r i n g , g r o u p s t u d y i n g , a n d t a l k i n g a b o u t 

g e n e r a l c l a s s e s a s a s t u d e n t . 
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Q 8: D o y o u k n o w a n y o t h e r n u m b e r s y s t e m b e s i d e s t h e d e c i m a l s y s t e m ? ( f o r e x a m p l e M a y a n , R o m a n , b i n a r y e t c . ) If y e s , w r i t e y o u r b i r t h d a y , 

u s i n g t h e d a y a n d m o n t h u s i n g t h e s y s t e m . 

F i g u r e 1 7 : I d e n t i f y i n g a N u m b e r S y s t e m 

T h e m o s t f r e q u e n t a n s w e r r e f e r r e d t o t h e R o m a n n u m e r a l s , t h a t h a s d i s t i n c t s y m b o l s 

f o r 1, 5 , 1 0 , 5 0 , 1 0 0 , 5 0 0 , a n d 1 0 0 0 . T h e s e n u m e r a l s a r e c o m m o n l y f o u n d o n c l o c k s w h e r e 

t h e h i g h e s t n u m b e r i s t w e l v e . T h i s i s i n t e r e s t i n g b e c a u s e m o s t s t u d e n t s c o u l d n o t r e p r e s e n t 

l a r g e n u m b e r s u s i n g R o m a n n u m e r a l s . I d e n t i f y i n g t h e e x i s t e n c e o f v a r i o u s n u m b e r s y s t e m s 

i s h e l p f u l t o u n d e r s t a n d m o d u l i a r i t h m e t i c . B o t h c l a s s e s i d e n t i f i e d R o m a n a n d B i n a r y 

n u m b e r s y s t e m s . A l t h o u g h , C l a s s 1 h a d m o r e v a r i a t i o n f o r c u l t u r a l n u m b e r s y s t e m s t h a n 

C l a s s 2 . 

Q 9: U s i n g t h e n u m b e r s y s t e m f r o m a b o v e , a d d t h e n u m b e r s i n y o u r b i r t h d a y , u s i n g t h e d a y 

a n d m o n t h . 

H e r e , w e o b t a i n e d mu equals 2 point 5 , sigma equals 1 point 9 , capital M equals 1 a n d m o d e equals 1. T h e m a j o r i t y o f t h e 

s t u d e n t s d o n o t k n o w h o w t o a d d r o m a n n u m e r a l s d e s p i t e k n o w i n g h o w t o w r i t e t h e c o r r e c t 

s y m b o l s f o r n u m b e r s l e s s t h a n 5 0 . S t u d e n t s m a y s t r u g g l e w i t h s u c h r e p r e s e n t a t i o n d u e 

t o t h e c o n f u s i o n a r i s i n g f r o m i n c r e a s i n g a n u m b e r a n d d e c r e a s i n g a n u m b e r . F o r e x a m p l e 

i v i s t h e s u b t r a c t o n e f r o m 5 , a n d v i i s a d d o n e t o five. 

Q 1 0 c a n b e f o u n d i n a p p e n d i x . 
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4 . 2 M a y a L e c t u r e a n d A c t i v i t y 

A l e s s o n w a s c r e a t e d u s i n g p o w e r p o i n t , w o r k s h e e t s a n d m a n i p u l a t i v e s t o u n d e r s t a n d m o d -

u l a r a r i t h m e t i c i n a n E t h n o m a t h e m a t i c s a p p r o a c h u s i n g t h e a n c i e n t M a y a n c i v i l i z a t i o n . 

T h e i n - c l a s s w o r k s h e e t ( s e e a p p e n d i x ) g i v e n t o C l a s s 2 h a d t h r e e d i s t i n c t s e c t i o n s . I n s e c -

t i o n 1, s t u d e n t s i d e n t i f i e d f o u r v i s u a l r e p r e s e n t a t i o n s o f M a y a n n u m b e r s a n d p r o v i d e d i t s 

c o r r e s p o n d i n g b a s e t e n r e p r e s e n t a t i o n . F o r s e c t i o n 2 , a n u m b e r i n b a s e 1 0 t h e n c o n v e r t e d 

a n d p r o v i d e d t h e c o r r e s p o n d i n g M a y a n a r i t h m e t i c n o t a t i o n f o r e a c h n u m b e r . A n i n d e -

p e n d e n t o b s e r v a t i o n a l s t u d y c a m e f r o m s e c t i o n 3 a s s t u d e n t s w e r e v e r y i n t r i g u e d a b o u t 

t h e c l a r i f i c a t i o n o f t h e M a y a n ' s p r e d i c t i o n o f t h e w o r l d e n d i n g . S e c t i o n 3 a s k e d s t u d e n t s 

t o c o v e r t t h e d a t e D e c e m b e r 2 1 , 2 0 1 2 A D i n t o t h e c o r r e s p o n d i n g M a y a n c a l e n d a r d a t e , 

t h e L o n g C o u n t . 

4 . 3 P a r a m e t r i c S t a t i s t i c s 

C l a s s 2 w a s g i v e n a p o s t - t e s t t h a t a i m e d t o m e a s u r e t h e e f f e c t s o f t h e M a y a n L e c t u r e 

a n d A c t i v i t y . W e t e s t e d s e v e r a l h y p o t h e s i s t o d e t e r m i n e t h e q u a n t i t a t i v e a n d q u a l i t a t i v e 

v a l u e o f t h e l e s s o n p l a n . W e u s e d s t a t i s t i c a l a n a l y s i s u s i n g a p a i r e d t - t e s t f o r t h e 1 3 s u b -

j e c t s i n C l a s s 2 t h a t c o m p l e t e d t h e p r e t e s t a n d t h e p o s t - t e s t . T h e a l t e r n a t i v e h y p o t h e s i s 

a r e c a l c u l a t e d a s o n e - t a i l e d s t a t i s t i c a l t e s t s w i t h 1 2 d e g r e e s o f f r e e d o m a n d l e t alpha equals 0 point 0 5 . 

H e n c e , capital H sub 1: mu sub 1 less than sign mu sub 2. W h e r e mu sub 1 i n d i c a t e s d a t a f r o m p r e - t e s t a n d i n d i c a t e s d a t a f r o m 

p o s t - t e s t . 

F r o m Q 1 i n t h e P r e t e s t a n d Q 2 i n t h e p o s t - t e s t b o t h m e a s u r e c u r r e n t i n t e r e s t l e v e l i n m a t h u s i n g a r a n g e f r o m 1 t o 5 ( w i t h 5 b e i n g t h e h i g h e s t ) . 

W e t e s t t h e f o l l o w i n g h y p o t h e s i s , 

Capital H sub 0 colon mu sub 1 equals mu sub 2 t o d e t e r m i n e if t h e a c t i v i t y h a d a c h a n g e o n s t u d e n t s i n t e r e s t l e v e l i n m a t h . 

T h e c a l c u l a t e d t e s t s t a t i s t i c i s t equals negative 0 point 2 9 0 7 a n d p - v a l u e equals 0 point 3 8 8 1 2 . S i n c e t h e p - v a l u e 

greater than alpha, t h e n w e f a i l t o r e j e c t capital H sub 0. T h e d a t a s u g g e s t s t h a t t h e r e w a s n o t a n y s i g n i f i c a n t 

d i f f e r e n c e b e t w e e n s t u d e n t ' s l e v e l o f i n t e r e s t i n m a t h . T h e r e w e r e five s t u d e n t s t h a t i n -
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d i c a t e d t h e s a m e l e v e l o f i n t e r e s t i n m a t h b e f o r e a n d a f t e r t h e p o w e r p o i n t p r e s e n t a t i o n 

o f m o d u l a r a r i t h m e t i c i n a M a y a n b a c k g r o u n d . A p o s s i b l e c o n f o u n d i n g f a c t o r i s h a v i n g 

s t u d e n t s fill o u t t h e p o s t - t e s t d u r i n g finals w e e k i n a m a t h c o u r s e . D u r i n g t h e w e e k o f fi-

n a l s , s t u d e n t s m a y b e r e a c h i n g a h i g h l e v e l o f f r u s t r a t i o n a s t h e s e m e s t e r c o m e s t o a n e n d . 

W e t e s t t h e f o l l o w i n g h y p o t h e s i s , 

H sub 0 colon mu sub 1 equals mu sub 2, t o d e t e r m i n e if t h e a c t i v i t y h a d a c h a n g e o n s t u d e n t s a b i l i t y t o u s e m o d u l a r 

a r i t h m e t i c a s a n a n a l y t i c a l s k i l l . 

T h e h y p o t h e s i s m e a s u r e d s t u d e n t s a b i l i t y t o a r r i v e a t a n a n s w e r w h e n g i v e n a v i s u a l a i d 

t o c o m p u t e m o d u l a r a r i t h m e t i c . 

F i g u r e 1 8 : M o d u l i A r i t h m e t i c w i t h V i s u a l R e p r e s e n t a t i o n 

(a) P r e - T e s t (C lass 2) 

(2.) Below is a picture of a circle on the X Y plane. You can travel around it and measure 
the angle in degrees. Lets say that you start at 90 degrees and you travel on the circle 
(from 90 degrees) towards the left down to 180 then 270, then 360 and back up-to 90 
degrees. This way you complete one full cycle. 

Lets say you start at 90 degrees again, and travel around the circle as above (to the 
left) for a longer time. In fact, you have traveled a total of 780 degrees. Place an X 
on where you end up on the graph below. Explain your reasoning with one or two 
full sentences. 

(b) P o s t - T e s t (C lass 2) 

(1.) Let 's think about t ime and how it is displayed on the 12 hour cycle. Every t ime you 
pass 12 you start over with 1 again. Let 's set up a picture. 

Q: Your invited to a dest ination vacation for your fami ly and friends. The free vacation 
specif ies that you need to speci fy the t ime of arrival back to your home (not including 
wai t ing & transportation t ime). You will leave on M o n d a y at noon and spend a total of 
136 hours on vacation. Spec i fy the t ime of arrival. 
(Have at least 3 sentences explaining work) . 

T h e d a t a a n a l y s i s c o m e s f r o m t h e p r e t e s t Q 2 , a n d f r o m p o s t - t e s t Q 1 ( F i g u r e a b o v e ) . 

R e c a l l , t h e a n s w e r f o r p r e - t e s t Q 2 w a s 1 5 0 degrees, a n d p o s t - t e s t Q 1 i s S u n d a y a t 4 a m . H e r e 

w e h a v e , t equals negative 1 point 7 2 a n d p - v a l u e equals 0 point 0 5 5 4 1 . H e r e , t h e p - v a l u e i s v e r y c l o s e t o a , t h e r e f o r e 

h a v i n g i n s u f f i c i e n t d a t a t o m a k e s t r o n g d e c i s i o n . 
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W e t e s t t h e f o l l o w i n g h y p o t h e s i s , 

H sub 0 colon mu sub 1 equals mu sub 2 t o d e t e r m i n e if M a y a L e c t u r e a n d A c t i v i t y i n c r e a s e d s t u d e n t i n t e r e s t 

i n t h e M a y a c i v i l i z a t i o n . 

F r o m Q 3 o n p o s t - t e s t , O n a s c a l e of 1 t o 5, ( w i t h 5 b e i n g t h e h i g h e s t ) , h o w o f t e n d i d y o u s t u d y t h e M a y a n s o u t s i d e of t h e c l a s s r o o m ? 

5: s p e n t m o r e t h a n 4 h o u r s u n d e r s t a n d i n g t h e M a y a n s 

4: s e a r c h e d t h e i n t e r n e t / b o o k s / m a g a z i n e s / T V a b o u t t h e M a y a n s 

3: n e u t r a l 

2 : n o t s u r e if f u r t h e r e d m y u n d e r s t a n d i n g of t h e M a y a n s 

1: d o e s n o t m a k e a n y e f f o r t t o u n d e r s t a n d t h e M a y a n s 

F r o m P r e t e s t Q 4 , C h o o s e a s t a t e m e n t t h a t b e s t a p p l i e s t o y o u f r o m b e l o w . 

1: I d o n ' t k n o w a n y M a y a n a c h i e v e m e n t s , I w a s n e v e r i n t e r e s t e d . 

2 : I h a v e h e a r d s o m e t h i n g a b o u t M a y a n s c i e n c e , b u t d o n o t k n o w d e t a i l s . 

3 : I h a v e l i s t e d e x a m p l e s of M a y a n s c i e n c e a b o v e , b u t I c a n n o t d e s c r i b e t h e m . I h a v e n e v e r 

m a k e a n e f f o r t t o find o u t m o r e . 

4 : I k n o w of s e v e r a l M a y a n a c h i e v e m e n t s d e s c r i b e d a b o v e a n d I a m v e r y p r o u d of t h e m . 

W e c o m p u t e t h e f o l l o w i n g , t equals negative 5 point 1 9 6 a n d p - v a l u e equals 0 point 0 0 0 1 1 . T h e r e i s s i g n i f i c a n t d a t a 

t o r e j e c t t h e N u l l H y p o t h e s i s , h e n c e , t h e M a y a L e c t u r e a n d A c t i v i t y i n c r e a s e d s t u d e n t s 

i n t e r e s t i n t h e M a y a s . E a c h s t u d e n t f r o m C l a s s 2 s c o r e d h i g h e r o r t h e s a m e a f t e r t h e 

M a y a L e s s o n P l a n . A l g e b r a c u r r i c u l u m c a n b e n e f i t f r o m t h i s a c t i v i t y t o i n c r e a s e s t u d e n t s 

b r o a d e r k n o w l e d g e o f t h e h i s t o r y o f M a t h e m a t i c s . 
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W e t e s t t h e f o l l o w i n g h y p o t h e s i s , 

H sub 0 colon mu sub 1 equals mu sub 2 t o d e t e r m i n e if t h e a c t i v i t y h a d a c h a n g e o n s t u d e n t s a n a l y t i c a l s k i l l s u s i n g m o d u l a r a r i t h m e t i c . 

T h e h y p o t h e s i s m e a s u r e d s t u d e n t s a b i l i t y t o a r r i v e a t a n a n s w e r w h e n n o t g i v e n a v i s u a l 

a i d t o c o m p u t e m o d u l a r a r i t h m e t i c . T h e d a t a a n a l y s i s c o m e s f r o m t h e p r e t e s t Q 5 , a n d 

t h e f r o m t h e p o s t - t e s t Q 4 . 

P r e t e s t Q 5 , W h a t d o e s 2 1 0 3 sub four r e p r e s e n t i n b a s e t e n ? 

H e r e t h e c o r r e c t a n s w e r s h o u l d b e e x p r e s s e d a n d c a l c u l a t e d a s f o l l o w s , 

2 dot 4 cubed plus 1 dot 4 squared plus 0 dot 4 to the first power plus 3 dot 4 to the 0 power equals 1 4 7 

P o s t - t e s t Q 4 , W e h a v e t h e n u m b e r 1 2 , 1 4 1 . W e n e e d t o m a k e a n e q u a t i o n t h a t c o n t a i n s t h e 

s u m of i t s m u l t i p l e s i n b a s e t w e n t y . S e t u p t h e e q u a t i o n s o t h a t t h e s u m of t h e m u l t i p l e s i n b a s e 

t w e n t y is 1 2 , 1 4 1 . 

H e r e t h e c o r r e c t a n s w e r s h o u l d b e e x p r e s s e d a n d c a l c u l a t e d a s f o l l o w s , 

1 dot 2 0 cubed plus 1 0 dot 2 0 squared plus 7 dot 2 0 to the first power plus 1 dot 2 0 to the 0 power equals 1 2 , 1 4 1 

H e r e w e h a v e , t equals negative 2 point 4 9 7 a n d p - v a l u e equals 0 point 0 1 4 . D a t a s u g g e s t s s t u d e n t s b e n e f i t e d f r o m a 

M a y a l e c t u r e a i m e d t o i n t r o d u c i n g m o d u l a r a r i t h m e t i c i n a l g e b r a c l a s s r o o m s . S t u d e n t s 

a r e l i k e l y t o c o n v e r t f r o m b a s e 1 0 t o b a s e 2 0 a f t e r t h e M a y a a c t i v i t y , w h e r e a s t h e y w e r e 

u n l i k e l y t o c o v e r t f r o m b a s e 4 t o b a s e 1 0 p r i o r t o a c t i v i t y . 
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W e t e s t t h e f o l l o w i n g h y p o t h e s i s , 

H sub 0 colon mu sub 1 equals mu sub 2, t o d e t e r m i n e if a c t i v i t y h a d i m p r o v e d s t u d e n t s a b i l i t y t o v i s u a l l y r e p r e s e n t m o d u l a r a r i t h m e t i c . 

P r e t e s t Q 2 , r e c a l l t h e X Y - p l a n e w i t h m o d u l i 3 6 0 f r o m p r e t e s t Q 2 . 

P o s t - t e s t Q 5 , W r i t e / D r a w t h e n u m b e r 1 8 , 6 5 1 i n M a y a a r i t h m e t i c n o t a t i o n 

T h e F i g u r e b e l o w d i s p l a y s t h e i d e a l r e p r e s e n t a t i o n t o Q 5 . 

F i g u r e 1 9 : T h e M a y a n u m b e r 1 8 , 6 5 1 ( C l a s s 2 ) 

U s i n g t h e v i g e s i m a l s y s t e m , w e c a n c a l c u l a t e 1 8 , 6 5 1 a s f o l l o w s , 

1 1 dot 2 0 to the 0 power plus 1 2 dot 2 0 to the first power plus 6 dot 2 0 squared plus 2 dot 2 0 cubed equals 1 8 , 6 5 1 

P r e t e s t Q 2 , d e t e r m i n e d if s t u d e n t s c a n u n d e r s t a n d a n u m b e r i n b a s e 4 a n d c o n v e r t t h e 

s a m e n u m b e r t o b a s e 1 0 . H o w e v e r , p o s t - t e s t Q 5 d e t e r m i n e d if s t u d e n t s c a n c o n v e r t f r o m 

a d e c i m a l n u m b e r s y s t e m t o a v i g e s i m a l n u m b e r s y s t e m . 

T h e s t a t i s t i c a l r e s u l t s w e r e a s f o l l o w s , t equals negative 2 point 4 9 7 a n d p - v a l u e equals 0 point 0 1 4 . D a t a i n d i c a t e s 

t h a t w e s h o u l d r e j e c t H sub 0, t h e a c t i v i t y i m p r o v e d s t u d e n t s a b i l i t y t o v i s u a l l y r e p r e s e n t m o d -

u l a r a r i t h m e t i c . R e c a l l , e a r l i e r i n t h i s s e c t i o n w e c o m p a r e d P r e T e s t Q 2 w i t h P o s t - t e s t Q 1, 

w h e r e t h e r e s u l t s w e r e i n c o n c l u s i v e . B o t h s e t s o f d a t a m e a s u r e s s t u d e n t s i m p r o v e m e n t o f 

m o d u l a r a r i t h m e t i c u s i n g v i s u a l r e p r e s e n t a t i o n s . 
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W e t e s t t h e f o l l o w i n g h y p o t h e s i s , 

Capital H sub 0 colon mu sub 1 equals mu sub 2, t o d e t e r m i n e if s t u d e n t s a r e i n t e r e s t e d i n M a y a n a c h i e v e m e n t s a n d / o r 

M a y a s c i e n c e . 

P r e t e s t Q 4 a n d P o s t - t e s t Q 6 a r e e x a c t l y t h e s a m e , 

C h o o s e a s t a t e m e n t t h a t b e s t a p p l i e s t o y o u f r o m b e l o w 

1: I d o n ' t k n o w a n y M a y a n a c h i e v e m e n t s , I w a s n e v e r i n t e r e s t e d 

2: I h a v e h e a r d s o m e t h i n g a b o u t M a y a n s c i e n c e , b u t d o n o t k n o w a n y d e t a i l s 

3: I h a v e l i s t e d e x a m p l e s of M a y a n s c i e n c e a b o v e , b u t I c a n n o t d e s c r i b e t h e m . I h a v e n e v e r m a k e a n e f f o r t t o find o u t m o r e 

4: I k n o w of s e v e r a l M a y a n a c h i e v e m e n t s d e s c r i b e d a b o v e a n d I a m v e r y p r o u d of t h e m 

T h e r e s u l t s a r e i n t e r e s t i n g b e c a u s e , t equals negative 0 point 4 3 3 a n d p - v a l u e equals 0 point 3 3 6 , t h u s f a i l i n g t o 

r e j e c t capital H sub 0. H e n c e , s t u d e n t s w e r e l e s s i n t e r e s t e d i n M a y a n a c h i e v e m e n t s a n d / o r M a y a 

s c i e n c e a f t e r t h e M a y a L e s s o n a c t i v i t y . 
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W e t e s t t h e f o l l o w i n g h y p o t h e s i s , 

capital H sub 0 colon mu sub 1 equals mu sub 2, t o d e t e r m i n e if a c t i v i t y h a d i m p r o v e d s t u d e n t s k n o w l e d g e o f m a t h e m a t i c a l 

o r s c i e n t i f i c a c h i e v e m e n t s o f t h e M a y a n s . 

P r e t e s t Q 6 , 

D o y o u k n o w a b o u t a n y m a t h e m a t i c a l o r s c i e n t i f i c a c h i e v e m e n t s of M a y a n s ? 

D e s c r i b e t h e m b e l o w 

P o s t - t e s t Q 7 , W r i t e / D r a w t h e n u m b e r 1 8 , 6 5 1 i n M a y a a r i t h m e t i c n o t a t i o n 

T h e F i g u r e b e l o w d i s p l a y s t h e P r e t e s t Q 7 f o r C l a s s 2 . 

F i g u r e 2 0 : M a y a N u m b e r R e p r e s e n t a t i o n ( C l a s s 2 ) 

W e o b t a i n t h e f o l l o w i n g , t equals negative 2 point 9 9 a n d p - v a l u e equals 0 point 0 0 5 6 , t h u s r e j e c t i n g capital H sub 0. H e n c e , 

s t u d e n t s i m p r o v e d t h e i r k n o w l e d g e o f m a t h e m a t i c a l o r s c i e n t i f i c a c h i e v e m e n t s o f t h e 

M a y a n s . T h e r e s u l t s a r e i n t e r e s t i n g b e c a u s e w h e n s t u d e n t s w e r e s e l f - r e p o r t i n g s u c h a s i n 

P o s t - t e s t Q 6 , t h e y i n d i c a t e d l o w i n t e r e s t i n M a y a n a c h i e v e m e n t s . H o w e v e r , P o s t - t e s t Q 7 

d e m o n s t r a t e d s t u d e n t s a b i l i t y t o r e p l i c a t e M a y a m a t h e m a t i c s . 
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W e t e s t t h e f o l l o w i n g h y p o t h e s i s , 

capital H sub 0 colon mu sub 1 equals mu sub 2 t o d e t e r m i n e if a c t i v i t y h a d i m p r o v e d s t u d e n t s d i s c u s s i o n i n m a t h e m a t i c s . 

P r e t e s t Q 7 , 

Q 7: O n a s c a l e of 1 t o 5, ( w i t h b e i n g t h e h i g h e s t ) , h o w l i k e l y a r e y o u t o d i s c u s s m a t h w i t h f a m i l y a n d f r i e n d s o u t s i d e of t h e c l a s s r o o m ? 

5: l i k e l y t o h a v e d i s c u s s i o n s a b o u t m a t h w i t h f a m i l y a n d f r i e n d s 

4: s o m e w h a t d i s c u s s e s m a t h w i t h f a m i l y a n d f r i e n d s 

3: n e u t r a l 

2 : n o t s u r e if m a t h is d i s c u s s e d w i t h f a m i l y a n d f r i e n d s 

1: d o e s n o t d i s c u s s m a t h w i t h f a m i l y a n d f r i e n d s 

P o s t - t e s t Q 8 , 

Q 8: O n a s c a l e of 1 t o 5 b e l o w , h o w o f t e n d i d y o u t a l k a b o u t M a y a n s a n d m a t h e m a t i c s / c a l e n d a r w i t h i n t h e l a s t m o n t h ? 

5: h a d m a n y d i s c u s s i o n s a b o u t M a y a n s w i t h f a m i l y a n d / o r f r i e n d s 

4: h a d o n e o r t w o d i s c u s s i o n s a b o u t M a y a n s w i t h f a m i l y a n d / o r f r i e n d s 

3: t a l k e d a b o u t m a t h e m a t i c s , b u t n o t r e l a t e d t o M a y a n s 

2: I o n l y h e a r d o t h e r s d i s c u s s i n g M a y a n s w i t h f a m i l y a n d / o r f r i e n d s 

1: d i d n o t h e a r a n y d i s c u s s i o n a b o u t M a y a n s 

T h e r e s u l t s w e r e t equals negative 0 point 2 a n d p - v a l u e equals 0 point 4 2 2 , t h u s r e j e c t i n g capital H sub 0. D a t a s u g g e s t s t h a t 

t h e M a y a L e c t u r e a n d A c t i v i t y i m p r o v e d s t u d e n t s d i s c u s s i o n i n m a t h e m a t i c s i n p a r t i c u l a r 

t o t h e M a y a n s . T h i s i n f o r m a t i o n l e a d s u s t o b e l i e v e t h a t s t u d e n t s w i l l g e t i n t e r e s t e d i n 

m a t h e m a t i c s if t h e y a r e e x p o s e d t o d i f f e r e n t a n c i e n t n u m b e r s y s t e m s . 
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5 A r t i f a c t s i n G u a t e m a l a 

T h e S p a n i s h c o n q u e s t h e a v i l y i n f l u e n c e d w e s t e r n c u l t u r e . A c c o r d i n g t o M u n o z [7] , " I n 

M e x i c o , t h e o r i g i n a l m e s t i z a j e o c c u r e d b e t w e e n t h e c o l o n i z i n g S p a n i s h c o n q u i s t a d o r e s 

a n d t h e i n d i g e n o u s w o m e n f r o m v a r i o u s t r i b e s o r n a t i o n s . B u t o v e r t i m e o t h e r r a c e s a n d 

c u l t u r e s h a v e m o d i f i e d t h e o r i g i n a l m i x i n g . " A l t h o u g h , t h e S p a n i s h c o n q u e s t d i v e r s i f i e d 

t h e M e x i c a n i d e n t i t y i t a l m o s t w i p e d o u t t h e i n d i g e n o u s c u l t u r e . F o r e x a m p l e , C a t h o l i c i s m 

w a s h e a v i l y f o r c e d u p o n t h e M a y a n s a n d r e j e c t e d m a n y M a y a n g o d s a n d t r a d i t i o n s . 

T h e C a l i f o r n i a D e p a r t m e n t o f E d u c a t i o n r e p o r t e d L a t i n o a n d / o r H i s p a n i c s t u d e n t s 

i n g r a d e s 9 - 1 2 h a d t h e h i g h e s t n u m b e r o f d r o p o u t s . " L i k e t h e N a t i v e A m e r i c a n p e o p l e s , 

M e x i c a n A m e r i c a n s w e r e s u b j e c t e d t o a p r o c e s s o f c o l o n i z a t i o n w h i c h , i n a d d i t i o n t o 

u n d e r m i n i n g t h e i r c u l t u r e , r e l e g a t e d t h e m a j o r i t y o f t h e m t o a p e r m a n e n t p o o l o f c h e a p 

l a b o r f o r U S c a p i t a l " [7]. T h e u n d e r m i n i n g o f t h e M a y a , m e s t i z a j e a n d t h e M e x i c a n 

i d e n t i t y i s a n u n d e r l y i n g f a c t o r o f t h e d e m i s e o f t h e m o d e r n L a t i n o / H i s p a n i c s t u d e n t . I t i s 

i m p o s s i b l e t o d e t e r m i n e a n i s o l a t e d r e a s o n f o r L a t i n o s t u d e n t s n o t h a v i n g h i g h e d u c a t i o n a l 

g o a l s . T h e c u l t u r e o f t h e L a t i n o s t u d e n t e m e r g e s f r o m a d o m i n o e f f e c t f r o m t h e h i s t o r y 

o f t h e i r a n c e s t o r s . S o m e o f t h e e a r l i e s t f a c t o r s t h a t m a y h a v e i n f l u e n c e d t h e L a t i n o 

s t u d e n t i n c l u d e t h e f o l l o w i n g : S p a n i s h C o l o n i z a t i o n , T r e a t y o f G u a d a l u p e H i d a l g o , a n d 

t h e C h i c a n o M o v e m e n t o f t h e 1 9 6 0 ' s . A c c o r d i n g t o M u n o z [7], " L i k e A f r i c a n A m e r i c a n s , 

M e x i c a n A m e r i c a n w o r k i n g - c l a s s c h i l d r e n a b l e t o a t t e n d s c h o o l w e r e p l a c e d i n s e g r e g a t e d 

s c h o o l s . B u t i n c o n t r a s t , M e x i c a n A m e r i c a n s n e v e r h a d a c c e s s t o e v e n t h e s o r t o f h i g h e r 

e d u c a t i o n p r o v i d e d b y s e g r e g a t e d i n s t i t u t i o n s l i k e t h e N e g r o c o l l e g e s . " M e x i c a n A m e r i c a n s 

w e r e u n a b l e t o m o b i l i z e a n i n f l u e n t i a l m o v e m e n t f o r e d u c a t i o n , i n c o n t r a s t t o e d u c a t i o n a l 

a c c o m p l i s h m e n t s b y t h e A f r i c a n A m e r i c a n s o f t h a t e r a . C u r r e n t l y , L a t i n o s t u d e n t s a r e 

s t r o n g l y a s s i m i l a t e d i n t o t h e A m e r i c a n c u l t u r e a n d r a r e l y e x p o s e d t o t o p i c s t h a t h i g h l i g h t 

t h e L a t i n o i d e n t i t y . M a t h e m a t i c s i s c o m m o n l y i n t r o d u c e d w i t h o u t a n y c u l t u r a l c o n t e x t , 

h e n c e i s n o t a g o o d p l a c e t o b u i l d e t h n i c p r i d e f o r a n y g r o u p . T h e C h i c a n o M o v e m e n t o f 

t h e 1 9 6 0 ' s p a v e d t h e w a y f o r c h i c a n o s t u d i e s t o b e a v a i l a b l e i n h i g h e r a c a d e m i c i n s t i t u t i o n s 

i n o r d e r t o p r o v i d e a v e h i c l e o f d i s c o v e r y o f t h e L a t i n o i d e n t i t y . H o w e v e r , t h e a n c i e n t 

M a y a n s h a d a r i c h c u l t u r e t h a t i s o f s i g n i f i c a n c e , m u l t i d i s c i p l i n a r y a n d o f d i r e c t i n t e r e s t t o 
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t h e L a t i n o s t u d e n t s s h o u l d b e p r e s e n t e d a t v a r i o u s e d u c a t i o n a l l e v e l s t o i m p r o v e s t u d e n t s 

i n t e r e s t i n S T E M fields. 

T h e i n t r o d u c t i o n of M a y a m a t h e m a t i c s w i t h t h e i n t e g r a t i o n of c u l t u r a l e l e m e n t s c a n 

p r o v i d e L a t i n o s t u d e n t s w i t h a s e n s e o f p r i d e . A n o t h e r c o m p o n e n t o f t h i s r e s e a r c h w a s 

F i g u r e 2 1 : M A A 2 0 1 1 

t o i n c o r p o r a t e t h e M e s o a m e r i c a n c u l t u r e b e y o n d t e x t b o o k s a n d a r t i c l e s . I p a r t i c i p a t e d i n 

t h e M a t h e m a t i c a l A s s o c i a t i o n o f A m e r i c a ( M A A ) S t u d y T o u r 2 0 1 1 i n G u a t e m a l a , M a t h -

e m a t i c s A m o n g t h e A n c i e n t a n d M o d e r n M a y a . T h e t o u r w a s l e a d b y Doctor C h r i s t o p h e r 

P o w e l l f r o m t h e M a y a E x p l o r a t i o n C e n t e r . 

S t u d y i n g M a y a m a t h e m a t i c s i n G u a t e m a l a g a v e m e a n a d d i t i o n a l p e r s p e c t i v e o f t h e 

c u l t u r e a s w e l l a s s c i e n c e s . I t i s i m p o r t a n t t o n o t e t h a t t h e r e i s a p o p u l a t i o n o f M a y a 

p e o p l e c u r r e n t l y l i v i n g i n G u a t e m a l a , t h e y d i d n o t a l l d i s a p p e a r . T h e m a t h e m a t i c a l l e g a c y 

o f t h e a n c i e n t M a y a i s i n c o r p o r a t e d t o e v e r y d a y l i v i n g i n G u a t e m a l a . T h e c a r e f u l c o u n t 

o f 2 6 0 - d a y s f o r t h e T z o l k ' i n i n f l u e n c e w h e n G u a t e m a l a n s h a r v e s t c o r n , p l a n t c r o p s , p r a y 

o r h a v e r e l i g i o u s f e s t i v i t i e s . T h e c r e a t i o n s t o r y f o u n d i n t h e P o p o l V u h , s a y s t h a t i t w a s 

t h e G o d s w h o c r e a t e d p e o p l e f r o m c o r n a f t e r f a i l i n g t o d o s o w i t h m u d a n d w o o d . I t i s 

p a s s e d d o w n f r o m g e n e r a t i o n s t o g e n e r a t i o n s t h a t c o r n h a s a c o u n t o f 2 6 0 d a y s f r o m r i p e 

t o h a r v e s t , a n d i s e q u a l t o a w o m e n ' s r e p r o d u c t i v e c y c l e . T h e a n c i e n t M a y a b e l i e f s a b o u t 

c o r n r e m a i n a n i n t e g r a l p a r t o f G u a t e m a l a ' s s o c i e t y . C o r n i s s e r v e d a s a s i d e d i s h w i t h 
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e v e r y m e a l a n d c a n b e f o u n d i n b a r r e l s , c l o t h s a n d w o v e n b a s k e t s i n t h e l o c a l m a r k e t s . 

T r a c e s o f t h e a n c i e n t c i v i l i z a t i o n c a n a l s o b e s e e n i n n u m e r o u s s u r v i v i n g s t o n e m o n u m e n t s 

a n d p y r a m i d s t h a t h a v e c a r v i n g s r e l a t e d t o M a y a n c a l c u l a t i o n s . 

T h e M A A s t u d y t o u r p r o v i d e d t h e o p p o r t u n i t y t o u n d e r s t a n d t h e c u l t u r a l f r a m e w o r k 

o f t h e M a y a n s i n G u a t e m a l a a n d H o n d u r a s . I t a l s o p r o v i d e d m e a n o p p o r t u n i t y t o 

n e t w o r k w i t h a s m a l l c o m m u n i t y o f m a t h e m a t i c i a n s t h a t w e r e b r o u g h t t o g e t h e r t o s h a r e a n 

e d u c a t i o n a l e x p e r i e n c e o f a l i f e t i m e . T r a v e l i n g t o G u a t e m a l a g a v e m e a b i l i t y t o n a v i g a t e 

m y g r a d u a t e s t u d i e s w i t h i n t h e v e r y r i c h , a n c i e n t c u l t u r a l f r a m e w o r k . C r e a t i n g c u l t u r a l 

a w a r e n e s s i n m a t h e m a t i c a l c o u r s e s w i l l e n c o u r a g e o t h e r s t u d e n t s t o p u r s u e d e g r e e s i n 

S T E M fields. 

6 C o n c l u s i o n 

O u r r e s e a r c h w a s m o t i v a t e d b y a v e r y d r y a n d a b s t r a c t m a t h e m a t i c a l c u r r i c u l u m i n t h e 

C a l i f o r n i a e d u c a t i o n a l s y s t e m t h a t f a i l s t o a d d r e s s t h e c u l t u r a l i d e n t i t y o f t h e s t u d e n t s . 

T h i s s t u d y s h o w s t h a t C a l i f o r n i a s t u d e n t s b e n e f i t f r o m a l e s s o n p l a n t h a t i n t r o d u c e s 

m a t h e m a t i c a l p r o b l e m s i n c u l t u r a l c o n t e x t . F o r e x a m p l e , t h e v i g e s i m a l s y s t e m u s e d b y 

t h e M a y a n s i l l u s t r a t e s t h e i r s o c i e t y ' s a b i l i t y t o u n d e r s t a n d m o d u l a r a r i t h m e t i c a n d h o w 

t o a p p l y i t t o t h e w o r l d s u r r o u n d i n g t h e m . S t u d e n t s e x p o s e d t o t h e s e t o p i c s t h r o u g h 

M a y a n a c h i e v e m e n t s h a v e a n o p p o r t u n i t y t o c o m b i n e m a t h e m a t i c a l u n d e r s t a n d i n g w i t h 

a c u l t u r a l c o n t e x t . T h i s s t u d y p r o v e d t h e i m p l e m e n t a t i o n o f e t h n o m a t h e m a t i c s a c t i v i t i e s 

i n a c l a s s r o o m c r e a t e s i n t e r e s t i n M a y a n m a t h e m a t i c a l d i s c o v e r i e s . S t u d e n t s ' a c h i e v e m e n t 

a n d t h e i r a t t i t u d e s t o w a r d s s c i e n c e i m p r o v e d a n d t h e y a p p r e c i a t e d t h e o p p o r t u n i t y t o g e t 

i n s p i r e d t h r o u g h a n i n t e r e s t i n g a n c i e n t c o n t e x t . S t a t i s t i c a l a n a l y s i s o f t h e p r e - t e s t a n d 

p o s t - t e s t d e m o n s t r a t e s t h a t C a l i f o r n i a s t u d e n t s e n r o l l e d i n i n t r o d u c t o r y a l g e b r a c o u r s e s 

d o b e n e f i t f r o m a M a y a l e s s o n p l a n . 
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