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Educational researchers and business leaders
i n  t h e  U n i t e d  S t a t e s  u n d e r s c o r e  t h e  n e e d  f o r
students to learn how to effectively communicate
their thinking both orally and in writing (National
M i d d l e  S c h o o l  A s s o c i a t i o n  [ N M S A ] ,  2 0 0 4 ;
Secretar y’s Commission on Achieving Necessary
S k i l l s  [ S C A N S ] ,  1 9 9 1 ;  N a t i o n a l  C o u n c i l  o f
Teachers  of  Mathemat ics  [NCTM],  1989 ,  2000 ;
C o b b,  B o u f i ,  M c C l a i n ,  &  W h i t e n a ck ,  1 9 9 7 ) .
Fo r  e x a m p l e ,  t h e  N a t i o n a l  M i d d l e  S ch o o l
p o s i t i o n  r e p o r t  o n  m i d d l e  l e v e l  e d u c a t i o n
a d v o c a t e s  “ l e a r n i n g  e x p e r i e n c e s  w h i c h  u s e
the  fu l l  range of  communicat ions  in  purposefu l
c o n t e x t s ”  ( N M S A ,  2 0 0 4 , ) .   I n  a d d i t i o n ,  a
repor t  i ssued by  the  U.S.  Depar tment  of  Labor,
entitled What Work Requires of  Schools, specifies
t h a t  t h e  w o r k f o r c e  w i l l  n e e d  t o  b e  a b l e  t o
“ c o m mu n i c a t e  t h o u g h t s ,  i d e a s ,  i n f o r m a t i o n ,
and messages  in  wr i t ing ;  and  crea te  documents
s u c h  a s  l e t t e r s  …  a n d  o r g a n i z e  i d e a s  a n d
commun i c a t e  o r a l l y ”  ( SCANS,  1991 ,  p.  xv i i i ) .
T h e  r e p o r t  u r g e s  s c h o o l s  t o  e m p h a s i z e  t h e
d e v e l o p m e n t  o f  c o m m u n i c a t i o n  s k i l l s  f o r
A m e r i c a ’s  yo u t h .

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

c o m m u n i t i e s  i n  m a t h e m a t i c s  c l a s s r o o m s  a n d  s u g g e s t s  a  n u m b e r  o f  s p e c i f i c  s t r a t e g i e s  t e a c h e r s  c a n  d r a w
o n  t o  f o s t e r  s t u d e n t  c o m m u n i c a t i o n  ( C h a z a n  &  B a l l ,  1 9 9 9 ;  N C T M ,  2 0 0 0 ;  S i l v e r  &  S m i t h ,  1 9 9 7 ) .
We  p r e s e n t  f o u r  o f  t h e s e  s t r a t e g i e s  i n  d e t a i l :  ( 1 )  p o s i n g  r i c h  t a s k s ,  ( 2 )  c r e a t i n g  a  s a f e  e n v i r o n m e n t ,  ( 3 )
a s k i n g  s t u d e n t s  t o  e x p l a i n  a n d  j u s t i f y  s o l u t i o n s ,  a n d  ( 4 )  a c t i v e l y  p r o c e s s i n g  o n e  a n o t h e r ’s  i d e a s .  We
d e s c r i b e  h o w  t h e s e  s t r a t e g i e s  w e r e  a d d r e s s e d  i n  a  p r o f e s s i o n a l  d e v e l o p m e n t  p r o g r a m  f o r  m i d d l e  s c h o o l
m a t h e m a t i c s  t e a c h e r s ,  a n d  w e  o f f e r  a  v i g n e t t e  t h a t  i l l u s t r a t e s  h o w  o n e  o f  t h e  p a r t i c i p a t i n g  t e a c h e r s
i m p l e m e n t e d  t h e m  i n  h e r  e i g h t h - g r a d e  c l a s s r o o m .  F i n a l l y ,  w e  c o n s i d e r  t h e  p o t e n t i a l  i m p a c t  t h a t  m o d e l i n g
c o m m u n i c a t i o n  s t r a t e g i e s  i n  p r o f e s s i o n a l  d e v e l o p m e n t  c a n  h a v e  o n  t e a c h e r s ’  c l a s s r o o m  p r a c t i c e .

E f f e c t i v e  c o m m u n i c a t i o n  i s  n o w  s e e n  a s
a  s k i l l  t h a t  m i d d l e  s c h o o l  s t u d e n t s  s h o u l d
demonstrate in all  subject areas, not just language
a r t s  a n d  s o c i a l  s c i e n c e  c o u r s e s  ( K i s t ,  2 0 0 3 ) .
I n d e e d ,  m a t h e m a t i c s  i s  i n c r e a s i n g l y  s e e n  a s
a  f i e l d  i n  w h i c h  e f f e c t i v e  c o m m u n i c a t i o n  i s
e s s e n t i a l  a s  b o t h  a  l e a r n i n g  p r o c e s s  a n d  a n
ou tcome .  P r inc ip l e s  and  S t anda rds  fo r  Schoo l
M a t h e m a t i c s  ( P S S M ) ,  a  g u i d e  p u b l i s h e d  b y
the National Council of  Teachers of  Mathematics
ou t l in ing  e s sen t i a l  component s  fo r  improv ing
t h e  q u a l i t y  o f  s c h o o l  m a t h e m a t i c s  p r o g r a m s ,
l i s t s  communica t ion  a s  one  of  the  f i ve  p rocess
s t a n d a r d s  t h a t  s t u d e n t s  w i l l  n e e d  t o  f u n c t i o n
e f f e c t i ve l y  i n  t h e  t we n t y - f i r s t  c e n t u r y.  T h e
PSSM document e laborates that  communicat ion
is an essential part of mathematics and mathematics
e d u c a t i o n  b e c a u s e  i t  i s  a  “ w a y  o f  s h a r i n g
i d e a s  a n d  c l a r i f y i n g  u n d e r s t a n d i n g.  T hr o u g h
communication, ideas become objects of reflection,
r e f i n e m e n t ,  d i s c u s s i o n ,  a n d  a m e n d m e n t .  T h e
c o m m u n i c a t i o n  p r o c e s s  h e l p s  b u i l d  m e a n i n g
a n d  p e r m a n e n c e  f o r  i d e a s  a n d  m a ke s  t h e m
p u b l i c ”  ( N C T M ,  2 0 0 0 ,  p.  6 0 ) .
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In keeping with this emphasis on communication
sk i l l s ,  r ecent  educa t iona l  research  has  s t ressed
t h e  i m p o r t a n c e  o f  e s t a b l i s h i n g  m a t h e m a t i c a l
d i scourse  communi t ies  in  mathemat ics  c lasses.
D i s c o u r s e  c o m m u n i t i e s  a r e  t h o s e  i n  w h i c h
s t u d e n t s  f e e l  f r e e  t o  e x p r e s s  t h e i r  t h i n k i n g ,
and take responsibility for listening, paraphrasing,
q u e s t i o n i n g ,  a n d  i n t e r p r e t i n g  o n e  a n o t h e r ’s
ideas in whole-class and small-group discussions.
A  n u m b e r  o f  t e a c h e r s  a n d  r e s e a r c h e r s  h a v e
o f f e r e d  s u g g e s t i o n s  a b o u t  h ow  t o  e s t a b l i s h
a n d  m a i n t a i n  s u ch  c o m mu n i t i e s  ( e . g. ,  C h a z a n
& Bal l ,  1999;  Grouws & Cebul la ,  2000;  Kazemi ,
1 9 9 8 ;  S i l ve r  &  S m i t h ,  1 9 9 7 ) .  C o b b,  B o u f i ,
M c C l a i n ,  a n d  W h i t e n a c k  ( 1 9 9 7 )  n o t e d  t h a t
i t  i s  c r i t i c a l  f o r  t e a ch e r s  t o  f o s t e r  ch i l d r e n’s
emerg ing  ab i l i t i es  to  par t ic ipate  in  “ref lec t ive”
a n d  “ c o l l e c t i v e ”  d i s c o u r s e ,  a n d  t o  b e c o m e
sk i l l ed  a t  suppor t ing  such  conver sa t ions.  They
a rgued  tha t  “ ch i l d r en  a c t i v e l y  cons t ruc t  t he i r
mathematical  understandings as they part ic ipate
i n  c l a s s r o o m  s o c i a l  p r o c e s s e s ”  ( p.  2 6 4 )  a n d
s u g g e s t e d  t h a t  t e a ch e r s  g u i d e  c o nve r s a t i o n s
s u c h  t h a t  s t u d e n t s  p l a y  a  p r o m i n e n t  r o l e  i n
“ s t e p p i n g  b a c k ”  a n d  m a k i n g  s e n s e  o f  t h e
m a t h e m a t i c a l  w o r k  t h a t  h a s  t a k e n  p l a c e .

Unfortunately, classrooms that are characterized
b y  m a t h e m a t i c a l  d i s c o u r s e  c o m m u n i t i e s  a r e
n o t  y e t  t h e  n o r m  i n  t h e  U n i t e d  S t a t e s  ( B a l l ,
1 9 9 1 ;  S t i g l e r  &  H i e b e r t ,  1 9 9 9 ) .  Fo r  e x a m p l e ,
the  TIMSS  1999  V ideo  S tudy,  an  in t e r na t iona l
s u r ve y  o f  e i g h t h - g r a d e  m a t h e m a t i c s  l e s s o n s ,
r evea l ed  tha t  on  ave r age  i n  t he  Un i t ed  S t a t e s ,
t h e  r a t i o  o f  t e a c h e r - t o - s t u d e n t  w o r d s  w a s
8 :1 ,  and  71% of  s tudent  u t t e r ances  were  f ewer
t h a n  5  w o r d s  ( H i e b e r t  e t  a l . ,  2 0 0 3 ) .

T h e  S TA A R  P r o j e c t

A central goal of the professional development
component  o f  the  “Suppor t ing  the  Trans i t ion
from Arithmetic to Algebraic Reasoning” (STAAR)
Pro j ec t—the  p ro j ec t  f e a tu red  in  th i s  a r t i c l e—
was to  fac i l i t a te  teachers ’  l earn ing of  s t ra teg ies
f o r  f o s t e r i n g  m a t h e m a t i c a l  c o m m u n i c a t i o n
in the i r  middle  school  c lassrooms.  In par t icu lar
w e  f o c u s e d  o n  f o u r  s t r a t e g i e s  t h a t  a p p e a r

to  be  f undamen t a l  t o  c r e a t i ng  a  ma thema t i c a l
d i s c o u r s e  c o m m u n i t y :  ( 1 )  r i c h  t a s k s ,  ( 2 )  s a f e
env i ronmen t s ,  ( 3 )  s t uden t s ’  e xp l ana t i ons  and
j u s t i f i c a t i o n s ,  a n d  ( 4 )  p r o c e s s i n g  o f  i d e a s .
Facilitators modeled these strategies in a content-
focused professional development summer institute.

T h e  n e x t  s e c t i o n  o f  t h e  a r t i c l e  d i s c u s s e s
some  o f  the  l i t e r a tu re  on  the se  four  s t r a t eg i e s
for bui lding a discourse community.  We describe
the  STAAR profess iona l  deve lopment  program
a n d  b r i e f l y  d i s c u s s  h o w  t h e  f o u r  s t r a t e g i e s
w e r e  m o d e l e d  d u r i n g  t h e  s u m m e r  i n s t i t u t e .
We then  use  a  v ignet te  to  i l lus t ra te  and  ana lyze
h o w  o n e  t e a c h e r  c a r r i e d  o u t  t h e s e  s t r a t e g i e s
i n  h e r  c l a s s r o o m .

We  r e c o g n i z e  t h a t  t h e s e  f o u r  s t r a t e g i e s
a r e  i n e x t r i c a b l y  i n t e r t w i n e d .  F u r t h e r m o r e ,
teachers’ instructional moves and communication
dec i s ions  a r e  na tu r a l l y  d r i ven  by  the  demands
o f  spec i f i c  con t ex t s  and  c anno t  be  p r e s c r ibed
o r  s c r i p t e d .  H o w e v e r ,  o u r  i n t e n t i o n  i s  t o
promote awareness of part icular communicat ion
strategies and provide images and interpretations
of their  enactment in a middle school classroom.
T h u s ,  f o r  a n a l y t i c a l  p u r p o s e s ,  w e  a d d r e s s
e a ch  s t r a t e g y  s e p a r a t e l y.

Strategies for Establishing and Maintaining Mathematical
D i s c o u r s e  C o m m u n i t i e s

S t r a t e g y  1 :  P o s i n g  r i c h  t a s k s  t h a t  p r o m o t e
d i s c u s s i o n .  R i c h  m a t h e m a t i c a l  t a s k s  a r e  k e y
ingredients in classrooms that have communication
a s  a  c e n t r a l  g o a l  ( N C T M ,  2 0 0 0 ) .  O p e n - e n d e d
a n d  c h a l l e n g i n g  t a s k s  t h a t  b u i l d  o n  s t u d e n t s ’
p r io r  knowledge  a r e  conduc ive  to  d i s cus s ions
because they encourage students to think collaboratively
a n d  b u i l d  u p o n  o n e  a n o t h e r ’s  i d e a s  ( S t e i n ,
S m i t h ,  H e n n i n g s e n ,  &  S i l ve r ,  2 0 0 0 ) .  Ta s k s
shou ld  have  mul t ip le  l eve l s  of  access  to  enab le
s t u d e n t s  w i t h  d i f f e r e n t  l e v e l s  o f  b a c k g r o u n d
knowledge  and  ma themat i c a l  ab i l i t i e s  to  work
o n  t h e m  a n d  t o  c o l l a b o r a t e  a s  t h e y  m o v e
t h r o u g h  t h e  s o l u t i o n  p r o c e s s  ( C o h e n ,  1 9 8 4 ) .
I t  i s  a l s o  d e s i r a b l e  f o r  t a s k s  t o  h a v e  m u l t i p l e
e x i t  p o i n t s ,  s o  t h a t  s t u d e n t s  c a n  c o m p l e t e
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the problem with varying degrees of sophistication
( Fo s n o t  &  D o l k ,  2 0 0 1 ) .  S u ch  t a s k s  e n a b l e
students, guided by the teacher, to make connections
between various solutions and solution strategies,
a n d  t o  l e a r n  b o t h  i m p o r t a n t  m a t h e m a t i c a l
c o n t e n t  a n d  va l u a b l e  c o m mu n i c a t i o n  s k i l l s .

T h e  m a n n e r  i n  w h i c h  m a t h e m a t i c a l  t a s k s
a r e  p o s e d  a n d  p r o b l e m - s o l v i n g  a c t i v i t i e s  a r e
s t r u c t u r e d  a l s o  i m p a c t s  h o w  s t u d e n t s  s o l v e
t h e  t a s k s  a n d  h o w  t h e y  c o m m u n i c a t e  t h e i r
i d e a s  a b o u t  t h e  s o l u t i o n  ( S t e i n  e t  a l . ,  2 0 0 0 ) .
Teachers sometimes turn rich, complex problems
into s impler ones for their  students ,  and thereby
remove opportunities for the students to discover
m a t h e m a t i c a l  s o l u t i o n s  o n  t h e i r  o w n  ( S t e i n ,
G r ove r ,  &  H e n n i n g s e n ,  1 9 9 6 ) .  O n e  s t r a t e g y
that  encourages students to work on and discuss
c h a l l e n g i n g  p r o b l e m s  i s  t o  b r e a k  t h e m  i n t o
s m a l l e r  p i e c e s.  Fo r  e x a m p l e ,  s t u d e n t s  c a n
w o r k  i n d i v i d u a l l y  o r  i n  g r o u p s  t o  t a c k l e  o n e
component of a  complex task,  and then convene
as a whole class to discuss that specific component
b e f o r e  m o v i n g  b a c k  t o  i n d i v i d u a l  o r  g r o u p
w o r k  t o  c o n t i n u e  t h e  p r o b l e m .  T h i s  p r o c e s s
o f  d i v i d i n g  t h e  t a s k  i n t o  m a n a g e a b l e  c h u n k s
e n a b l e s  s t u d e n t s  t o  b e  r e s p o n s i b l e  f o r  m u c h
of the mathematical work on challenging problems
for  wh ich  a  l a rge r  amount  o f  t e ache r  gu idance
m i g h t  o t h e r w i s e  b e  n e e d e d .

S t r a t e g y  2 :  E s t a b l i s h i n g  a n d  m a i n t a i n i n g  a
safe environment. A safe environment for communication
i s  v i t a l  to  a  succes s fu l  ma themat i ca l  d i s course
commun i t y  (Lamper t ,  2001 ) .  An  env i ronment
t h a t  i s  c o n d u c i v e  t o  t h e  s h a r i n g  o f  i d e a s  w i l l
enhance  the  qua l i ty  and quant i ty  of  d i scuss ion ,
deba t e ,  and  i d e a s  t h a t  a r e  pub l i c l y  e x changed
i n  a  c l a s s r o o m  ( B r o w n  &  C a m p i o n e ,  1 9 9 4 ) .
Of part icular  importance is  establ ishing student
ta lk  a s  a  c l a s s room nor m,  both  in  sma l l  g roups
a n d  d u r i n g  p u b l i c  s h a r i n g  o f  i d e a s  ( S i l v e r  &
Smi th ,  1997 ) .  Communica t ion  in  sma l l  g roups
c a n  b e  s t i m u l a t e d  b y  p u r p o s e f u l  g r o u p i n g
of  s tudent s ,  cont inua l  encouragement  to  work
a n d  t a l k  t o g e t h e r ,  a n d  r e i n f o r c e m e n t  o f  t h e
i m p o r t a n c e  o f  e a ch  s t u d e n t ’s  c o n t r i b u t i o n s
( B r o p hy,  1 9 9 9 ) .  D u r i n g  w h o l e - c l a s s  wo r k ,
calling on struggling students or eliciting incorrect

i d e a s  c a n  h e l p  t o  p r o m o t e  a  f e e l i n g  o f  s a f e t y
in the classroom, as students come to understand
t h a t  t h e  t e a c h e r  i s  n o t  j u s t  l o o k i n g  f o r  t h e
c o r r e c t  a n s w e r  b u t  f o r  s t u d e n t s  t o  j u s t i f y
a n d  e x p l a i n  t h e i r  m e t h o d s  f o r  s o l v i n g  t h e
t a sk  (McC l a in  &  Cobb,  2001 ) .  Inco r r e c t  i d e a s
o f t e n  c a n  b e  p a r t i c u l a r l y  i n s t r u c t i v e  b e c a u s e
they  of fer  the  oppor tun i ty  to  exp l i c i t l y  d i scuss
misconceptions and build on intuitive understandings.

S t r a t e g y  3 :  A s k i n g  s t u d e n t s  t o  e x p l a i n  a n d
j u s t i f y  t h e i r  t h i nk i n g .  The  PSSM document  c a l l s
on  teachers  to  suppor t  the i r  s tudents ’  l ea rn ing
by  encourag ing  s tudent s  to  exp l a in  and  ju s t i f y
t h e i r  m a t h e m a t i c a l  t h i n k i n g  t o  t h e i r  p e e r s
a n d  t e a c h e r s  i n  a  c o h e r e n t  a n d  c l e a r  m a n n e r
(NCTM, 2000) .  Establ ishing this  type of inquiry
e n v i r o n m e n t  i n  t h e  m a t h e m a t i c s  c l a s s r o o m
involves inviting students to share their strategies,
p o s e  q u e s t i o n s,  a n d  “ t h i n k  o u t  l o u d ”  ( C o b b,
Wo o d ,  Ya cke l ,  &  M c N e a l ,  1 9 9 2 ;  G r o u w s  &
Cebul la ,  2000) .  By making their  thinking publ ic ,
s t u d e n t s  m a y  h a v e  t o  n e g o t i a t e  t h e  m e a n i n g
o f  m a t h e m a t i c a l  i d e a s  w i t h  o t h e r s ,  a n d  t o
d e f e n d  a n d  j u s t i f y  t h e i r  r e a s o n i n g  s o  t h a t
t h e y  c a n  c o n v i n c e  o t h e r s  o f  t h e  l e g i t i m a c y
of  their ideas. Through this process of  negotiation
and jus t i f i ca t ion ,  s tudents  a re  of ten  mot iva ted
t o  t h i n k  m o r e  d e e p l y  a b o u t  t h e i r  o w n  i d e a s
and  the  i d e a s  o f  t he i r  c l a s sma t e s  (Baue r s f e l d ,
1 9 9 5 ;  Ya cke l  &  C o b b,  1 9 9 6 ) .

S t r a t e g y  4 :  E n c o u r a g i n g  s t u d e n t s  t o  a c t i v e l y
pr ocess one another’s ideas. Effective and meaningful
d i s cour se  r equ i r e s  tha t  s tuden t s  l i s t en  c lo se l y
to  the  th ink ing  of  others ,  and that  they  process
a n d  u n d e r s t a n d  o n e  a n o t h e r ’s  i d e a s  ( B r ow n
&  C a m p i o n e ,  1 9 9 4 ) .  A s  D a v i s  ( 1 9 9 2 )  n o t e d ,
“ I f  w e  i n v i t e  s t u d e n t s  t o  t h i n k ,  w e  h a v e  t h e
o b l i g a t i o n  t o  t a ke  t h e i r  i d e a s  s e r i o u s l y ”  ( p.
3 4 9 ) .  O n e  a s p e c t  o f  t a k i n g  s t u d e n t s ’  i d e a s
ser iously is  ensuring that their  c lassmates attend
t o  t h e  i d e a s  a n d  w o r k  t o  u n d e r s t a n d  t h e m .
C l a s s r o o m  a c t i v i t i e s  s h o u l d  b e  s t r u c t u r e d
t o  e n s u r e  t h a t  s t u d e n t s  h a v e  a m p l e  t i m e  a n d
e n c o u r a g e m e n t  t o  p r o c e s s  o t h e r s ’  i d e a s ,  f o r
e x a m p l e ,  b y  d i s c u s s i n g  t h e m  w i t h  t h e  w h o l e
c l a s s  o r  c o n s i d e r i n g  t h e m  i n  s m a l l  g r o u p s
( G r o u w s  &  C e b u l l a ,  2 0 0 0 ) .
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M o d e l i n g  C o m m u n i c a t i o n  S t r a t e g i e s  i n
P r o f e s s i o n a l  D e v e l o p m e n t

T h e  S T A A R  P r o f e s s i o n a l  D e v e l o p m e n t  P r o g r a m

P r o f e s s i o n a l  d e v e l o p m e n t  p r o g r a m s  t h a t
m o d e l  a n d  e n g a g e  m i d d l e  s c h o o l  t e a c h e r s
i n  t h i n k i n g  a b o u t  e f f e c t i v e  c o m m u n i c a t i o n
s t r a t e g i e s  c a n  p l a y  a  c e n t r a l  r o l e  i n  h e l p i n g
teachers learn to establish and maintain mathematical
d i s c o u r s e  c o m mu n i t i e s  i n  t h e i r  c l a s s r o o m s.
Our own experience with the STAAR professional
development program leads us to conjecture that
when teachers learn mathematical content effectively
in a professional development context,  and when
they identify the mathematical discourse community
within the program as a major factor in their
learning, they are eager to establish similar communication
practices in their own classrooms.

A s  o n e  c o m p o n e n t  o f  t h e  S T A A R  P r o j e c t ,
w e  c o n d u c t e d  a  p r o f e s s i o n a l  d e v e l o p m e n t
program for middle school mathematics teachers
d u r i n g  t h e  2 0 0 3 – 2 0 0 4  a c a d e m i c  y e a r .  O u r
goals for this professional development program
i n c l u d e d  ( a )  s u p p o r t i n g  t h e  d e v e l o p m e n t  o f
teachers ’  knowledge  of  a lgebra ,  (b )  suppor t ing
the  deve lopment  of  teachers ’  knowledge  about
the teaching of algebra, (c) creating a professional
l e a r n i n g  c o m mu n i t y,  a n d  ( d )  p r ov i d i n g  a n
oppor tun i t y  fo r  t eacher s  to  l ea rn  mathemat i c s
i n  a  r e f o r m - o r i e n t e d  s e t t i n g  ( B o r ko  e t  a l . ,
2 0 0 5 ) .  We  d e s i g n e d  t h e  S TA A R  p r o f e s s i o n a l
development program to include three complementary
components: a summer algebra institute, ongoing
month ly  workshops,  and month ly  obser vat ions
i n  e a ch  t e a ch e r ’s  c l a s s r o o m .

S i x t e e n  t e a c h e r s  e n r o l l e d  i n  t h e  t w o - w e e k
summer  a l g eb r a  i n s t i t u t e  en t i t l ed  “Fac ing  the
U n k n ow n ,”  w h i ch  m e t  f o r  a  t o t a l  o f  6 0  h o u r s
d u r i n g  J u l y  2 0 0 3 .  T h e  i n s t i t u t e  w a s  j o i n t l y
d e l i v e r e d  b y  t h e  S c h o o l  o f  E d u c a t i o n  a n d
t h e  A p p l i e d  M a t h e m a t i c s  D e p a r t m e n t  a t  a
l a rge  s ta te  un ivers i ty.  Throughout  the  ins t i tu te
t h e  i n s t r u c t o r s  e n c o u r a g e d  t h e  t e a c h e r s  t o
r e f l e c t  o n  t h e i r  l e a r n i n g  e x p e r i e n c e s  a n d  o n
the types of instructional strategies and discourse
p a t t e r n s  t h a t  w e r e  b e i n g  m o d e l e d .  E i g h t  o f

the 16 part ic ipants  a t tended seven profess iona l
d e v e l o p m e n t  w o r k s h o p s  d u r i n g  t h e  2 0 0 3 –
2 0 0 4  s ch o o l  y e a r . 1 T h e  p r i m a r y  f o c u s  o f  t h e
w o r k s h o p s  s h i f t e d  d u r i n g  t h e  s c h o o l  y e a r
from a lgebra ic  content  to mathemat ics-spec i f ic
p e d a g o g y  i n  m i d d l e  s ch o o l  c l a s s r o o m s.  I n
b o t h  c o m p o n e n t s  t h e  f a c i l i t a t o r s  m o d e l e d
s t r a t e g i e s  f o r  f o s t e r i n g  c o m m u n i c a t i o n  a n d
p r o m o t i n g  m a t h e m a t i c a l  r e a s o n i n g ,  a n d  t h e
teachers were expected to share their mathematical
ideas in whole-group and small-group discussions.

T h e  f a c i l i t a t o r s  s t a r t e d  t h e  f i r s t  d a y  o f
the  i n s t i t u t e  w i th  a  p rob l em tha t  had  mu l t i p l e
e n t r y  p o i n t s  a n d  w a s  c h a l l e n g i n g  e n o u g h  t o
encourage  par t ic ipants  to  work col laborat ive ly.
They chunked the problem into several ;  sect ions
i n  o r d e r  t o  e n s u r e  a c c e s s  f o r  l e a r n e r s  w i t h
d i f f e r e n t  l e v e l s  o f  m a t h e m a t i c a l  e x p e r t i s e
a n d  t o  s c a f f o l d  t h e  l e a r n i n g  e x p e r i e n c e .  T h e
f a c i l i t a t o r s  e s t a b l i s h e d  a  s a f e  e n v i r o n m e n t
for discourse and set expectations for communication
p a t t e r n s .  Fo r  i n s t a n c e ,  t h e y  h a d  t h e  t e a ch e r s
work in small groups from the outset, intentionally
e s t a b l i s h i n g  a  c l i m a t e  i n  w h i c h  t e a c h e r s  w e r e
expected to look to their colleagues for assistance
r a t h e r  t h a n  t o  t h e  f a c i l i t a t o r .

T hr o u g h o u t  t h e  p r ob l e m - s o l v i n g  a c t i v i t y,
the  fac i l i t a tors  demonstra ted that  the  teachers ’
e x p l a n a t i o n s  a n d  j u s t i f i c a t i o n s  c o u l d  s e r ve
as key entry points for more extensive communication.
T h e y  u s e d  o p e n i n g s  s u ch  a s  “ L e t ’s  t a l k  a b o u t
t h i s ”  a n d  “ W h a t  d o  y o u  t h i n k ? ”  t o  i n i t i a t e
w h o l e - g r o u p  c o n v e r s a t i o n s  t h a t  f o c u s e d  o n
the mathematical ideas and provided an invitation
for  wide  par t ic ipat ion .  They  asked increas ing ly
spec i f i c  ques t ions  to  h igh l i gh t  the  impor tance
o f  m a t h e m a t i c a l  r e a s o n i n g.  T h e  f a c i l i t a t o r s
also used several strategies to encourage teachers
t o  l i s t e n  t o  a n d  p r o c e s s  o n e  a n o t h e r ’s  i d e a s .
They ca l led upon teachers  to share  both correct
and  i n co r r e c t  ma thema t i c a l  concep t i on s ,  and
t h e y  e n c o u r a g e d  t h e m  t o  e x p l o r e ,  q u e s t i o n ,
and clarify one another’s ideas.. These characteristics
were carefully documented through the collection
and ana lys i s  of  data  in  the  STAAR profess iona l
d e v e l o p m e n t  a c t i v i t i e s  a n d  i n  t h e  t e a c h e r s ’
ow n  c l a s s r o o m s.
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D a t a  C o l l e c t i o n  a n d  A n a l y s i s

A n  e x t e n s i v e  s e t  o f  d a t a  w a s  c o l l e c t e d
d u r i n g  a l l  t h r e e  c o m p o n e n t s  o f  t h e  S T A A R
pr o f e s s i o n a l  d e ve l o p m e n t  p i l o t  p r o g r a m .  We
v i d e o t a p e d  t h e  e n t i r e  s u m m e r  i n s t i t u t e  a n d
e a ch  m o n t h l y  wor k s h o p,  u s i n g  a t  l e a s t  t wo
cameras  a t  a l l  t imes.  Mul t ip l e  cameras  enab led
u s  t o  f o c u s  s i m u l t a n e o u s l y  o n  t h e  f a c i l i t a t o r
and on the part ic ipat ing teachers  dur ing whole-
g ro u p  a c t i v i t i e s .  D u r i n g  s m a l l - g r o u p  wo r k ,
o n e  c a m e r a  f o l l o w e d  t h e  l e a d  f a c i l i t a t o r  a s
she or he moved from group to group; addit ional
c a m e r a s  w e r e  t r a i n e d  o n  e a c h  o f  t h e  s m a l l
g ro u p s.  T h i s  a p p r o a ch  e n a b l e d  u s  t o  c a p t u r e
t h e  f a c i l i t a t o r s ’  u s e  o f  s t r a t e g i e s  t o  p r o m o t e
d i s c o u r s e ,  a n d  p a r t i c i p a n t s ’  c o m m u n i c a t i o n
p a t t e r n s  d u r i n g  s m a l l - g r o u p  a n d  w h o l e - c l a s s
ac t iv i t i e s.

The teachers  were  obser ved and v ideotaped
in  the i r  ma themat i c s  c l a s s rooms  on  a  month l y
b a s i s  t h r o u g h o u t  t h e  y e a r .   D a t a  c o l l e c t e d
during classroom observations included videotapes,
ins t ruct iona l  mater ia l s ,  and copies  of  s tudents ’
work .  We  u sed  two  c amera s  when  v ideo t ap ing
in the classrooms, documenting both the teachers’
instruct ional  moves and the student interact ions
dur ing  who le  c l a s s  and  sma l l - g roup  ac t iv i t i e s.
I n  a d d i t i o n  t o  p r o v i d i n g  r i c h  s o u r c e s  o f  d a t a
a b o u t  t h e  t e a c h e r s ’  l e a r n i n g ,  t h e s e  r e c o r d s
o f  p r a c t i c e  f o r m e d  a  b a s i s  f o r  d i s c u s s i o n
during the monthly workshops, and for teachers’
i n d i v i d u a l  r e f l e c t i o n s  o n  t h e i r  t e a c h i n g  a n d
the i r  persona l  goa l ( s )  for  improv ing  c lass room
p r a c t i c e .  T h e  c l a s s r o o m  a c t i v i t y  f e a t u r e d  i n
this article occurred during one of  these observations.

In addition to observational data, we collected
written reflections from the teachers throughout
the  summer  in s t i t u t e  and  month l y  workshops.
Te a ch e r s  u s e d  t h e s e  r e f l e c t i o n s  t o  d e s c r i b e
their experiences during the professional development
p r o g r a m  a n d  t o  c o n s i d e r  t h e  i m p a c t  o f  t h e s e
e x p e r i e n c e s  o n  t h e i r  i n s t r u c t i o n a l  p r a c t i c e s.
We also conducted interviews with the participating
t e a c h e r s  s e v e r a l  t i m e s  d u r i n g  t h e  p r o g r a m .
Inte r v iew ques t ions  addressed  var ious  a spec t s
o f  t h e  p a r t i c i p a n t s ’  e x p e r i e n c e s  d u r i n g  t h e
profe s s iona l  deve lopment  p rogram,  inc lud ing
their thoughts and practices regarding mathematical
d i s c o u r s e .

We  ch o s e  t o  u s e  v i g n e t t e  a n a l y s i s  f o r  t h i s
paper  in  order  to  carefu l ly  examine and port ray
t h e  w a y s  i n  w h i c h  a  m a t h e m a t i c a l  d i s c o u r s e
c o m m u n i t y  w a s  e s t a b l i s h e d  i n  o n e  m i d d l e
school teacher’s classroom. To identify a teaching
episode that  was  representat ive  of  the teachers ’
efforts to enact the discourse strategies modeled
i n  t h e  p r o f e s s i o n a l  d e v e l o p m e n t  p r o g r a m ,
t h e  S T A A R  r e s e a r c h  t e a m  m e t  a n d  d i s c u s s e d
the  v i d eo  r e co rd s  f rom the  t e a che r s ’  mon th l y
obse r va t ions.  We  se l ec t ed  a  t e ache r  who  made
a substantial effort to foster a discourse community
w i t h i n  h e r  c l a s s r o o m .  We  t h e n  i d e n t i f i e d  a
t e a c h i n g  e p i s o d e  t h a t  p r o v i d e d  e v i d e n c e  o f
her  efforts  and wrote  a  corresponding v ignet te .
The goa l  of  the  v ignet te  was  to  capture  spec i f ic
f ea tu res  o f  th i s  t eacher ’s  pedag og ica l  p rac t i ce
i n  d e t a i l ,  w h i l e  p r e s e r v i n g  t h e  c o m p l e x i t y
a n d  r i c h n e s s  o f  t h e  t e a c h i n g  e p i s o d e  a n d
t h e  c l a s s r o o m  c o n t e x t  i n  w h i c h  i t  o c c u r r e d
( M i l e s  &  H u b e r m a n ,  1 9 9 4 ) .  We  p r e s e n t  t h e
vignette fol lowed by an analys is  of the discourse
s t r a t e g i e s  i t  i l l u s t r a t e s .  O u r  a n a l y s i s  d r aw s
on the  v ideotaped  l e s son ,  a s  we l l  a s  in te r v iews
conducted with the teacher, her written reflections,
a n d  h e r  f i n a l  p a p e r  f o r  t h e  s u m m e r  i n s t i t u t e .
I t  f o c u s e s  o n  t h e  f o u r  s t r a t e g i e s  d e s c r i b e d
i n  t h e  b e g i n n i n g  o f  t h i s  a r t i c l e .

O n e  Te a c h e r ’s  M ove m e n t  Towa r d
E s t a b l i s h i n g  a

D i s c o u r s e  C o m m u n i t y  i n  a  M i d d l e
S c h o o l  M a t h e m a t i c s  C l a s s r o o m

M a n y  o f  t h e  t e a c h e r s  w h o  p a r t i c i p a t e d
in the STAAR professional development program
commented in inter views and written ref lect ions
t h a t  t h e y  h o p e d  t o  e s t a b l i s h  d i s c o u r s e  n o r m s
i n  t h e i r  c l a s s r o o m s  t h a t  w e r e  s i m i l a r  t o  t h o s e
m o d e l e d  i n  t h e  s u m m e r  i n s t i t u t e .  D u r i n g  o u r
m o n t h l y  o b s e r va t i o n s  o f  a  s u b s e t  o f  t h e s e
t e a c h e r s  i n  t h e  s c h o o l  y e a r  t h a t  f o l l o w e d  t h e
i n s t i t u t e ,  w e  s a w  m a n y  a t t e m p t s  t o  c r e a t e
and maintain mathematical discourse communities.
I n  t h i s  s e c t i o n ,  w e  i n t r o d u c e  P a m  M a r s t e n
( a  p s e u d o n y m ) ,  a  m i d d l e  s c h o o l  m a t h e m a t i c s
teacher who took part in the STAAR professional
d e ve l o p m e n t  p r o g r a m .  We  d e s c r i b e  Pa m ’s
teaching and profess ional  development  h is tor y,
her  ref lect ions on the STAAR summer inst i tute ,
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a n d  o n e  o f  h e r  l e s s o n s  t h a t  i l l u s t r a t e s  h e r
efforts  to implement many of  the recommended
d i s c o u r s e  s t r a t e g i e s .

A t  t h e  o n s e t  o f  t h e  2 0 0 3 – 2 0 0 4  a c a d e m i c
year ,  Pam had taught  for  27 years  as  a  secondary
s ch o o l  t e a ch e r .  Pa m  t a u g h t  m a t h e m a t i c s  i n
a  “mounta in” school  whose  s tudent  popula t ion
c o n s i s t e d  o f  j u s t  u n d e r  8 0 0  s i x t h  t h r o u g h
e i g h t h  g r a d e r s ,  m o s t l y  C a u c a s i a n  a n d  m i d d l e
class. Students’ scores on the state’s standardized
tes t  corresponded roughly  to  the  s ta te  average .
P a m  w a s  t h e  m o s t  e x p e r i e n c e d  c l a s s r o o m
t e a c h e r  i n  o u r  p r o j e c t .  S h e  p a r t i c i p a t e d  i n
al l  three components of the STAAR professional
development program. She attended the summer
algebra institute and all seven monthly workshops,
a n d  s h e  wa s  o b s e r ve d  s e ve n  t i m e s  i n  o n e  o f
he r  e i gh th -g r ade  p r e - a l g eb r a  c l a s s rooms  ove r
t h e  c o u r s e  o f  t h e  s ch o o l  y e a r .

We  d o  n o t  c l a i m  t h a t  Pa m  l e a r n e d  t h e
d iscourse  s t ra teg ies  exh ib i ted  in  her  c lass room
e n t i r e l y  f r o m  t h e  S T A A R  p r o j e c t .  R a t h e r ,
t h e s e  a r e  s t r a t e g i e s  P a m  h a s  b e e n  d e v e l o p i n g
for a considerable length of t ime, with assistance
f r o m  mu l t i p l e  s o u r c e s.  H owe ve r ,  Pa m  was
q u i t e  a r t i c u l a t e  a b o u t  t h e  i m p a c t  t h e  s u m m e r
in s t i t u t e  had  on  he r ,  p a r t i cu l a r l y  w i th  r e spec t
t o  t h e s e  e f f o r t s .  S h e  w r o t e  t h e  f o l l ow i n g  i n
h e r  f i n a l  p a p e r :

A f t e r  s p e n d i n g  m a n y  d a y s  t a l k i n g  t o  m y
p e e r s  i n  c l a s s  a b o u t  m y  i d e a s  a n d  t h e i r s ,
i t  i s  g l a r i n g  t h a t  j u s t i f y i n g  o n e ’s  a n s we r
a n d  b e i n g  a b l e  t o  c o n v i n c e  s o m e o n e  e l s e
o f  i t s  v a l i d i t y  i s  p a r t  o f  t h e  s t u f f  [ o f
which] good mathematics is made….. Conversations
a b o u t  m a t h  b r i n g  i t  a l i v e … .  A s  I  s a w  s o
c l e a r l y  d u r i n g  m y  t e n  d a y s  i n  t h i s  c l a s s
… it  is  my responsibi l i ty  as a  math faci l i tator
to  c rea te  an  env i ronment  where  math  ‘ t a lk ’
o r  c o n v e r s a t i o n s  t a k e  p l a c e .
In interviews during the school year following

the summer inst i tute ,  Pam cont inued to d iscuss
i t s  e n d u r i n g  i n f l u e n c e  a n d  t h e  c h a n g e s  t h a t
s h e  e x p e r i e n c e d  b o t h  i n  h e r  b e l i e f s  a n d  i n
her teaching practices. Specifically, Pam commented
on the importance of student-driven communication
i n  t h e  c l a s s r o o m  w h i c h ,  s h e  b e l i e v e d ,  c o u l d
b e  f o s t e r e d  b y  c r e a t i n g  o p p o r t u n i t i e s  f o r
small-group work prior to whole-class discussions.

N o t  o n l y  d i d  P a m  e x p e r i e n c e  t h e  p o w e r f u l
i m p a c t  o f  p e e r  c o l l a b o r a t i o n  f i r s t h a n d  i n
t h e  s u m m e r  i n s t i t u t e ,  b u t  s h e  t h o u g h t  d e e p l y
about how to bring some of these same communication
structures into her own middle school classroom.
I n  o n e  i n t e r v i e w  s h e  c o m m e n t e d ,

I  real ly  loved the smal l  groups in the summer
c o u r s e … We  j u s t  t a l ke d  t o  s o m e o n e  n e x t
t o  u s  o r  a c r o s s  f r o m  u s … .  I  f o u n d  t h a t  I
w a s  m o r e  l i k e l y  t o  w a n t  t o  d e f e n d  w h a t
I was thinking because I didn’t feel threatened….
I t  a l s o  h e l p e d  m e  g e t  u n s t u c k  m u c h  o f
the t ime…. I found that to be real ly powerful
a n d  I  t h o u g h t ,  yo u  k n ow,  t h a t  wor k s  w i t h
kids as wel l .  Just  ta lk ing about their  thinking
i s  a  p o w e r f u l  t e c h n i q u e .
P a m  n o t e d  t h a t  t h e  S T A A R  p r o f e s s i o n a l

d e v e l o p m e n t  p r o g r a m  w a s  i n s t r u m e n t a l  i n
c h a l l e n g i n g  h e r  t o  r e f l e c t  c o n t i n u a l l y  a b o u t
and take risks with respect to the communication
s t y l e  i n  h e r  c l a s s r o o m .  I n  w o r k s h o p s  a n d
i n t e r v i e w s  t h r o u g h o u t  t h e  s ch o o l  y e a r ,  s h e
c o m m e n t e d  t h a t  s h e  u s e d  m o r e  s m a l l - g r o u p
work  and  p rov ided  more  e f f ec t i ve  f a c i l i t a t i on
o f  g r o u p s  t h a n  s h e  h a d  d o n e  i n  p r e v i o u s
y e a r s.  I n  p a r t i c u l a r ,  s h e  b e l i e ve d  t h a t  s h e
a s k e d  m o r e  t a r g e t e d  q u e s t i o n s  o f  t h e  g r o u p s ,
a n d  g a v e  t h e m  m o r e  t i m e  t o  t h i n k  a n d  t a l k
o n  t h e i r  o w n  b e f o r e  m o v i n g  t o  l a r g e - g r o u p
discussions and formal writ ing tasks.  Statements
s u ch  a s  t h e  f o l l ow i n g  c a p t u r e  Pa m ’s  g e n e r a l
a p p r a i s a l  o f  t h e  i n f l u e n c e  o f  t h e  s u m m e r
i n s t i t u t e :  “ M y  c l a s s r o o m  t e a c h i n g  h a s  b e e n
s o  p o s i t i v e l y  i m p a c t e d  b y  e v e r y t h i n g  t h a t  I
l e a r n e d  a n d  e v e r y t h i n g  t h a t  w e  d i d  i n  t h e
s u m m e r  c l a s s .”

I n  t h e  v i g n e t t e  b e l o w  w e  h i g h l i g h t  o n e
o f  Pa m ’s  l e s s o n s ,  i n  w h i ch  s h e  s u c c e s s f u l l y
put into practice many of the strategies recommended
b y  t h e  l i t e r a t u r e  a n d  m o d e l e d  i n  t h e  S T A A R
p r o f e s s i o n a l  d e v e l o p m e n t  p r o g r a m .

T h e  Pa i n t e d  C u b e s  P r o b l e m :  A  V i g n e t t e

In  one  of  the  STAAR month ly  profess iona l
d e v e l o p m e n t  w o r k s h o p s  w e  a s k e d  t e a c h e r s
t o  s o l v e  c o l l a b o r a t i v e l y  t h e  “ P a i n t e d  C u b e s ”
prob l em,  adap ted  f rom Dr i s co l l ’s  ( 1999 )  book
Fos t e r in g  Alg eb ra i c  Th inking :  A Guid e  f o r  Tea ch e r s,
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G r a d e s  6 - 1 0 .  T h e  “ P a i n t e d  C u b e s ”  p r o b l e m
r e a d s  a s  f o l l o w s :

A cube with edges of length 2 centimeters
i s  b u i l t  f r o m  c e n t i m e t e r  c u b e s.  I f  yo u
pa in t  the  f a ce s  o f  th i s  cube  and  then  b reak
i t  i n t o  c e n t i m e t e r  c u b e s ,  h o w  m a n y  c u b e s
w i l l  b e  p a i n t e d  o n  t h r e e  f a c e s ?  H o w  m a n y
w i l l  b e  p a i n t e d  o n  t w o  f a c e s ?  O n  o n e
f a c e ?  H o w  m a n y  w i l l  b e  u n p a i n t e d ?  W h a t
i f  t h e  e d g e  h a s  a  l e n g t h  d i f f e r e n t  f r o m
2 ?  W h a t  i f  t h e  l e n g t h  o f  t h e  l a r g e  c u b e  i s
3  c m ?  5 0  c m ?  n  c m ?  ( p.  1 0 8 )
D u r i n g  t h i s  wor k s h o p,  h e l d  i n  Ja nu a r y

2 0 0 4 ,  t h e  t e a c h e r s  s o l v e d  t h e  P a i n t e d  C u b e s
p r o b l e m  a n d  d i s c u s s e d  h o w  t h e y  m i g h t  t e a c h
i t  t o  t h e i r  ow n  s t u d e n t s.  I n  t h e  m o n t h  t h a t
f o l l o w e d ,  a l l  t h e  t e a c h e r s  i m p l e m e n t e d  t h e
p r o b l e m  i n  t h e i r  o w n  c l a s s r o o m s ,  a n d  w e
v i d e o t a p e d  t h o s e  l e s s o n s .  B y  c o i n c i d e n c e ,
s h o r t l y  a f t e r  t h e  p r o b l e m  w a s  i n t r o d u c e d  i n
o u r  J a n u a r y  w o r k s h o p  a n d  b e f o r e  P a m  t a u g h t
t h e  l e s s o n ,  a  v e r s i o n  o f  t h e  P a i n t e d  C u b e s
problem was  d i scussed  in  another  profess iona l
development workshop Pam attended (a monthly
“problem-solving group” composed of mathematics
t e a c h e r s  f r o m  a c r o s s  t h e  s t a t e ) .

T h e  P a i n t e d  C u b e s  p r o b l e m  c o n s u m e d
t h r e e  m a t h e m a t i c s  l e s s o n s  f o r  Pa m ’s  e i g h t h -
g r ade  p r e - a l g eb r a  c l a s s .  Two  o f  t h e s e  l e s sons
w e r e  b l o c k  p e r i o d s  ( 9 0  m i n u t e s )  a n d  o n e
was  a  60-minute  per iod .  The fo l lowing v ignet te
i s  d r a w n  f r o m  t h e  f i r s t  9 0 - m i n u t e  l e s s o n ,
w h i c h  c o n t a i n e d  c l e a r  e x a m p l e s  o f  e a c h  o f
the d iscourse s trateg ies  advocated and modeled
i n  o u r  p r o f e s s i o n a l  d e v e l o p m e n t  p r o g r a m .

Pam an t i c i p a t e d  t h a t  t h e  Pa i n t e d  Cub e s  p r o b l em
w a s  g o i n g  t o  b e  a  d i f f i c u l t  p r o b l e m  f o r  h e r  s t u d e n t s .
S h e  a l s o  k n e w  t h a t  t h e y  w o u l d  b e  e a s i l y  f r u s t r a t e d
b y  t h e  d a y ’s  p l a n n e d  a c t i v i t y .  I n  o r d e r  f o r  t h e
Pa i n t e d  Cub e s  p r o b l em  t o  w o rk  t h e  wa y  s h e  wan t e d ,
Pa m  h a d  t o  m a ke  s u r e  t h e  s t u d e n t s  u n d e r s t o o d  t h e
t y p e  o f  c l a s s r o o m  e n v i r o n m e n t  s h e  w a n t e d  t o  s e e .

“ I ’ m  g o i n g  t o  a s k  y o u  t o  d o  t w o  t h i n g s , ”  s h e
s a i d .  “ I ’ m  g o i n g  t o  a s k  y o u  n o t  t o  d e p e n d  o n  a
n e i g h b o r  t o  d o  y o u r  l i s t e n i n g  a n d  y o u r  f o c u s i n g
f o r  y o u .  Yo u  a l l  n e e d  t o  l i s t e n  b e c a u s e  w e ’v e  d o n e
p r o b l e m  s o l v i n g  a n d  w e ’v e  d o n e  g r o u p  w o r k  a  l o t
t h i s  y e a r ,  b u t  i t  i s  e v e n  m o r e  i m p o r t a n t  t o d a y  f o r

y o u  t o  b e  f o c u s e d  a s  a n  i n d i v i d u a l  s o  t h a t  w h e n
y o u ’r e  c o l l a b o r a t i n g  a s  a  g r o u p ,  y o u ’l l  b e  a b l e  t o
g i v e  y o u r  f u l l  a t t e n t i o n  t o  t h a t  b e c a u s e  y o u  h a v e
p a i d  a t t e n t i o n  t o  w h a t  w a s  b e i n g  s a i d  b e f o r e h a n d
wh e n  I  wa s  l a y i n g  t h e  g r o u n d w o r k .  D o e s  e v e r y b o d y
u n d e r s t a n d  t h a t  p a r t ? ”

Pa m  s t o p p e d  t o  b r e a t h e  a n d  l o o ke d  a r o u n d  t h e
r o o m .  T h e  s t u d e n t s  n o d d e d .  “ O k a y ,  a n d  t h e n  t h e
s e c o n d  t h i n g  i s  I  w a n t  y o u  t o  h a v e  l o t s  o f  s t i c k -
t o - i t - n e s s  t o d a y . ”  Pa m  e y e d  t h e  f r o n t  r o w  o f  s i l e n t ,
s t i l l - n o d d i n g  s t u d e n t s .  “I ’d l ike for you to know
that the act i v i ty  that we’r e  going to go thr ough is  going
to take a l i t t l e  bi t  o f  s t i ck-to- i t -ness and a lot  o f  se l f -
talk about ‘don’t  ge t  f rustrated, ’  ‘don’t  g i ve up. ’  Okay?
And ever ybody’s  going to he lp each other.”

The  s tuden t s  nodded  aga in ,  l o ok ing  a t  one  ano th e r
a n d  a t  Pa m .  Ju s t  wh a t  w e r e  t h e y  g o i n g  t o  b e  d o i n g ?

Pam  t h e n  p r e s e n t e d  t h e  f i r s t  p a r t  o f  t h e  p r o b l em
b y  h o l d i n g  u p  t w o  3 x 3 x 3  c u b e s ,  e a c h  m a d e  f r o m
b l o c k s  ( U n i f i x ®  c u b e s )  u s i n g  f o u r  d i f f e r e n t  c o l o r s ,
a n d  n o t e d  t h a t  t h e  c u b e s  w e r e  c o l o r  c o d e d .  S h e
a s k e d  t h e  s t u d e n t s  t o  w o r k  i n  g r o u p s  a n d  b u i l d  a
s i m i l a r  3 x 3 x 3  c u b e  t h a t  w a s  c o l o r  c o d e d  u s i n g
f o u r  d i f f e r e n t  c o l o r s .  A f t e r  b r i e f l y  r e v i e w i n g  t h a t
a  c u b e  h a s  s i x  s i d e s  o f  e q u a l  l e n g t h ,  Pam  i n s t r u c t e d
h e r  s t u d e n t s  t o  b e g i n  c o n s t r u c t i n g  t h e i r  3 x 3 x 3
cub e s .  Sh e  t h e n  wa lk ed  f r om  g r oup  t o  g r o up ,  s h ow in g
( b u t  n o t  d i s c u s s i n g )  h e r  3 x 3 x 3  c u b e .  A l t h o u g h
Pa m  p r o v i d e d  a  r e l a t i v e l y  l i m i t e d  e x p l a n a t i o n  a n d
o n l y  m i n i m a l  g u i d a n c e ,  a l l  g r o u p s  w e r e  a b l e  t o
b e g i n  b u i l d i n g  a  c u b e .

Aft e r  about  10 minute s,  Pam dir e c t ed  the  s tudents ’
a t t e n t i o n  t o  a  “ c u b e  p a t t e r n s ”  w o r k s h e e t .  S h e
e x p l a i n e d  t h a t  t h e  w o rk s h e e t  a sk e d  f o r  a  d e f i n i t i o n
o f  w h e r e  e a c h  c o l o r  w o u l d  b e  p l a c e d  i n  a n y  s i z e  o f
c u b e .  S h e  s a i d ,  “ Yo u  h a v e  t o  a g r e e  a s  a  t a b l e  o r
a s  a  g r o u p  w h a t  i s  g o i n g  t o  b e  c o l o r  1 ,  w h a t  i s
g o i n g  t o  b e  c o l o r  2 ,  3 ,  and  4 .  And  wha t  I ’d  app r e c i a t e
n o t  h e a r i n g  w h e n  I  w a l k  a r o u n d  t o  t h e  g r o u p s  i s
t h a t  s o m e  p e o p l e  a r e  s a y i n g  o n e  t h i n g  a n d  o t h e r
p e o p l e  a r e  s a y i n g  a n o t h e r  t h i n g  a n d  t h e r e ’s  n o
a g r e e m e n t . ”  T h e  s t u d e n t s  h a d  s t o p p e d  w o r k i n g
a n d  w e r e  l i s t e n i n g .  “ Yo u  r e a l l y  h a v e  t o  d i s c u s s
t h i s  b e f o r e  w r i t i n g .  W h e n  y o u  r e a c h  c o n s e n s u s  a t
y o u r  t a b l e ,  t h e n  a n d  o n l y  t h e n  s h o u l d  y o u  w r i t e  u p
a  d e f i n i t i o n  o f  c o l o r  p l a c e m e n t . ”

Pam  c a u t i o n e d  t h a t  t h e  g r o u p s ’  d e f i n i t i o n s  mu s t
b e  p r e c i s e  a n d  c l e a r  e n o u g h  s u c h  t h a t  t h e y  c o u l d
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e x p l a i n  t o  s o m e o n e  o v e r  t h e  p h o n e  h o w  t o  c o n s t r u c t
t h e  c u b e .  S t u d e n t s  a g a i n  w o r k e d  i n  g r o u p s  f o r
app r ox ima t e l y  10  minu t e s,  w i th  Pam wa lk ing  a r ound
t h e  r o o m  p r o v i d i n g  e n c o u r a g e m e n t  a n d  g u i d a n c e .
O n e  s t u d e n t ,  Jo e ,  a n n o u n c e d  h i s  r a t h e r  c o l o r f u l
r e a l i z a t i o n  t h a t  a  2 x 2 x 2  c u b e  i s  c o m p o s e d  o f  o n e
c o l o r :  “ s t i nk in ’ ”  r e d .  Pam en c ou ra g e d  Jo e  t o  exp l a i n
h i s  o b s e r v a t i o n .  “ W hy  d o  y o u  s a y  t h a t  a  2 x 2 x 2
i s  g o i n g  t o  b e  a l l  s t i n k i n ’  r e d ? ”  s h e  a s ke d .  Jo e
l a u g h e d  a n d  r e s p o n d e d ,  “ B e c a u s e  e v e r y  c o r n e r  i s
r e d . ”

Pa m  t h e n  d e c i d e d  t o  s t o p  t h e  c l a s s  f o r  a  m i n u t e
a n d  s h a r e  t h i s  i d e a .  A t  h e r  p r o m p t i n g ,  Jo e  h e l d
u p  h i s  c u b e  a n d  t o l d  h i s  c l a s s m a t e s ,  “ T h e  2 x 2 x 2
i s  a l l  s t i n k i n ’  r e d s . ”  Pa m  c o n t i n u e d ,  “ N o w,  wh a t
I ’ m  c h a l l e n g i n g  Jo e  t o  d i s c u s s  w i t h  h i s  g r o u p  i s ,
w h y  w o u l d  a  2 x 2 x 2  h a v e  n o t h i n g  b u t  ‘ s t i n k i n ’
r e d ’  a s  i t s  c o l o r . ”  M o u t h s  o p e n e d  a n d  h a n d s  s h o t
u p ,  b u t  Pa m  s a i d ,  “ N o w,  d o n ’t  s a y  a n y t h i n g  o u t
l o u d ,  b u t  wh y  w ou l d  t h a t  b e ? ”  Th e  s t u d e n t s  q u i e t e d .

Pa m  a d v i s e d  t h e  c l a s s  t o  b u i l d  2 x 2 x 2  a n d
4 x 4 x 4  c u b e s  i n  t h e i r  g r o u p s .  A f t e r  a n o t h e r  5
m i n u t e s ,  s h e  b r o u g h t  t h e  c l a s s  t o g e t h e r  t o  d i s c u s s
o n e  g r o u p ’s  4 x 4 x 4  c u b e .  Pa m  h e l d  u p  t h e i r  c u b e
f o r  e v e r y o n e  t o  s e e ,  a n d  p o i n t e d  o u t  t h a t  i t  wa s
a p p r o p r i a t e l y  c o l o r  c o d e d .  H o w e v e r ,  s h e  n o t e d  t h a t
m a n y  g r o u p s  w e r e  h a v i n g  d i f f i c u l t y  c o m i n g  u p  w i t h
t h e  v o c a b u l a r y  t o  a c c u r a t e l y  d e s c r i b e  t h e  p l a c e m e n t
o f  t h e i r  f o u r  c o l o r s  a n d  w e r e  u s i n g  w o r d s  l i k e
“ c e n t e r  o f  t h e  c u b e ”  t h a t  w e r e  t o o  v a g u e .  Pa m
c o u l d  s e e  t h a t  s e v e r a l  o f  t h e  s t u d e n t s  w h o  h a d
b e e n  l a u g h i n g  e a r l i e r  w e r e  s t a r t i n g  t o  d i s e n g a g e
i n  f r u s t r a t i o n .  T h i s  wa s n ’t  a s  e a s y  a s  i t  l o o k e d ,
and  Pam had  t o  ke e p  t h em  i n t e r e s t e d .  Sh e  e n c ou ra g ed
t h e  s t u d en t s  t o  s t a y  f o c u s e d  d e s p i t e  t h e i r  f r u s t r a t i o n ,
a n d  g a v e  t h e m  a  s h o r t  b r e a k  b e f o r e  e x p l a i n i n g
t h e  n e x t  p a r t  o f  t h e  w o r k s h e e t .

Th e  Pa i n t e d  Cub e s  P r o b l em :  Ana l y s i s  o f  D i s c o u r s e
S t r a t e g i e s

Pam’s emphasis  on effect ive  communicat ion
a s  bo th  a  p roce s s  and  an  ou t come  was  ev iden t
th roughout  he r  l e s son .  As  s tuden t s  deve loped
t h e  d e f i n i t i o n s  o f  t h e i r  c o l o r  c o d e s ,  P a m
emphasized the importance of  creating a consensus.
This consensus led to a greater shared understanding

o f  t h e  c o l o r  p l a c e m e n t s  o n  a  3 x 3 x 3  c u b e .
As  the  s tudents  extended these  unders tandings
t o  a  v a r i e t y  o f  d i f f e r e n t - s i z e d  c u b e s  t h e y
w e r e  a b l e  t o  i d e n t i f y  t h e  c h a n g i n g  p a t t e r n s
a n d  c o m m u n i c a t e  a b o u t  t h e m ,  b u i l d i n g  o n
the i r  d i scuss ions  about  the  co lor  codes.  These
c o n v e r s a t i o n s  a b o u t  p a t t e r n s  e v e n t u a l l y  l e d
t o  t h e  d e ve l o p m e n t  o f  f o r mu l a s  o f  va r y i n g
levels of sophistication. Throughout this process
Pam continued to help her students communicate
mathemat i ca l l y  a s  they  ju s t i f i ed  and  exp l a ined
t h e i r  f o r mu l a s  t o  o n e  a n o t h e r  a n d  e x p l o r e d
t h e i r  c o n n e c t i o n s.

T h e  P a i n t e d  C u b e s  p r o b l e m  w a s  n o t  a
p a r t  o f  Pa m ’s  n o r m a l  c u r r i c u l u m ,  n o r  h a d
s h e  t a u g h t  i t  b e f o r e .  S h e  w a s  e n t h u s i a s t i c
a b o u t  t r y i n g  i t ,  h o w e v e r ,  b e l i e v i n g  t h a t  i t
w o u l d  p r o v i d e  a  g o o d  o p p o r t u n i t y  f o r  h e r
s t u d e n t s  t o  w o r k  o n  t h e i r  d i s c o u r s e  s k i l l s ,
p a r t i c u l a r l y  w i t h i n  t h e i r  s m a l l  g ro u p s.  A s  t h e
f o l l ow i n g  d i s c u s s i o n  i n d i c a t e s ,  Pa m ’s  l e s s o n
incorporated a l l  four  of  the discourse s trateg ies
d e s c r i b e d  i n  t h i s  p a p e r  a s  r e c o m m e n d e d  b y
t h e  l i t e r a t u r e  a n d  m o d e l e d  i n  t h e  S T A A R
s u m m e r  i n s t i t u t e .

P o s i n g  r i c h  t a s k s  t h a t  p r o m o t e  d i s c u s s i o n .  T h e
Pa in t ed  Cubes  p rob l em was  de sc r ibed  in  bo th
o f  t h e  p r o f e s s i o n a l  d e v e l o p m e n t  p r o g r a m s
that  Pam part ic ipated in as  r ich and chal lenging,
a n d  s h e  w a s  e n c o u r a g e d  b y  b o t h  p r o g r a m s
t o  e x p e r i m e n t  w i t h  i t  i n  h e r  c l a s s r o o m .  P a m
was concerned that  the problem was so complex
that  her students might disengage.  In part icular ,
she  worr ied  tha t  the  complex i ty  in  the  word ing
o f  t h e  p r o b l e m  m i g h t  t h r o w  s t u d e n t s  o f f
t r a c k .  S h e  u s e d  s e v e r a l  s t r a t e g i e s  t o  m i t i g a t e
th i s  complex i ty  whi l e  ma inta in ing  the  r i chness
o f  t h e  p r o b l e m  a n d  p r o v i d i n g  a n  a p p r o p r i a t e
l e ve l  o f  ch a l l e n g e  f o r  h e r  s t u d e n t s .  T h e s e
s t ra teg ies  inc luded break ing  the  problem down
into more manageable components and continuously
sh i f t ing  between smal l -group and whole-group
d i s c u s s i o n s  a s  t h e y  w o r k e d  o n  t h e  d i f f e r e n t
c o m p o n e n t s .  To  f u r t h e r  e n s u r e  t h a t  s t u d e n t s
w i t h  d i f f e r e n t  a b i l i t y  l e v e l s  w o u l d  b e  a b l e
t o  p r o g r e s s  s u c c e s s f u l l y  t h r o u g h  t h e  t a s k ,
Pa m  a l l owe d  f o r  mu l t i p l e  e x i t  p o i n t s .  Fo r
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e x a m p l e ,  s h e  w o r k e d  t o  e n s u r e  t h a t  b y  t h e
e n d  o f  t h e  l e s s o n  a l l  s t u d e n t s  u n d e r s t o o d  a t
l e a s t  o n e  c o l o r  p a t t e r n  r e l a t e d  t o  t h e  c o r n e r s
of a cube, and that they could relate this pattern
to a more abstract generalization (i.e., cubes always
have eight corners).  She encouraged groups that
were more advanced to find additional patterns.

A n o t h e r  s t r a t e g y  Pa m  u s e d  wa s  t o  h ave
s t u d e n t s  b e g i n  s o l v i n g  t h e  p r o b l e m  b y  u s i n g
concrete  objects  (Unif ix® cubes) .  She  be l ieved
t h a t  i t  w a s  c r i t i c a l  f o r  s t u d e n t s  t o  b e c o m e
a d e p t  a t  b u i l d i n g  c u b e s ,  a n d  t h a t  f a m i l i a r i t y
w i th  the  phys i ca l  r epresen ta t ion  wou ld  enab le
t h e m  t o  s h i f t  t o  m o r e  a b s t r a c t  t h i n k i n g.  Pa m
a l s o  e n s u r e d  t h a t  t h e  s t u d e n t s  w o u l d  w r i t e
d o w n  t h e i r  t h o u g h t s  i n  a n  o r g a n i z e d  f a s h i o n
b y  p r o v i d i n g  s p e c i f i c  q u e s t i o n s  f o r  t h e m  t o
answer  and  encourag ing  them to  c r e a t e  t ab l e s
t o  d i s p l ay  t h e i r  r e s u l t s .

Estab l i sh ing  and  main ta in ing  a  sa f e  env i r onment .
T he  s tuden t s  i n  Pam’s  ma themat i c s  c l a s s  we re
s e a t e d  i n  s m a l l  g r o u p s  a n d  w e r e  a c c u s t o m e d
to frequent small-group work. However, throughout
t h e  P a i n t e d  C u b e s  l e s s o n s ,  P a m  c o n t i n u a l l y
reestablished classroom norms regarding collaborative
g roup  work .  In  he r  in t roduc t ion  to  the  l e s son ,
s h e  c l e a r l y  a r t i c u l a t e d  h e r  e x p e c t a t i o n s  f o r
h o w  s t u d e n t s  s h o u l d  w o r k  o n  t h e  p r o b l e m ,
inc luding what  they  needed to  do as  indiv idua ls
a n d  w h a t  t h e y  n e e d e d  t o  t a l k  t h r o u g h  a n d
ag r e e  u p o n  a s  a  g ro u p.  Pa m  r e m i n d e d  h e r
s t u d e n t s  t h a t  t h e y  we r e  p a r t  o f  a  c o m mu n i t y,
b u t  t h a t  e a c h  s t u d e n t  w a s  a l s o  i n d i v i d u a l l y
r e s p o n s i b l e  a n d  a c c o u n t a b l e .  S h e  w a r n e d  t h e
s t u d e n t s  t h e y  m i g h t  g e t  f r u s t r a t e d  b e c a u s e
this was a challenging problem, and she encouraged
t h e m  t o  l o o k  t o  t h e i r  p e e r s  f o r  a s s i s t a n c e .

O n  n u m e r o u s  o c c a s i o n s ,  P a m  p r o v i d e d
e n c o u r a g e m e n t  t o  i n d i v i d u a l  s t u d e n t s  a n d
g ro u p s  t h a t  we r e  s t r u g g l i n g.  S h e  u s e d  t h e s e
o c c a s i o n s  a s  o p p o r t u n i t i e s  n o t  o n l y  t o  c r e a t e
a n  e n v i r o n m e n t  i n  w h i c h  i t  w a s  a c c e p t a b l e
t o  m a k e  m i s t a k e s ,  b u t  a l s o  t o  s h o w  s t u d e n t s
h ow  t h e i r  s t r u g g l i n g  c o u l d  b e  h e l p f u l  a n d
i n f o r m a t ive .  I n  o n e  c a s e ,  a  s t u d e n t  s a i d  h i s
g r o u p  “ s c r e w e d  u p ”  w h e n  t h e y  w e r e  m a k i n g
t h e i r  c u b e .  P a m  s a t  d o w n  w i t h  t h e  g r o u p
a n d  t o l d  t h e m ,  “ I  l i k e  w h e n  p e o p l e  s c r e w
t h i n g s  u p,  a n d  I ’ l l  t e l l  yo u  w hy … .  T h a t ’s  t h e

way  we  l e a r n .  Yo u ’r e  g o i n g  t o  p i ck  t h a t  u p
n ow  a n d  yo u ’r e  g o i n g  t o  t r y  a n d  d e c i d e  a s  a
g r o u p  h o w  y o u  c a n  s o l v e  t h a t . …  T h a t  m i g h t
be  a  r e a l l y  good  m i s t ake  t h a t  you  made  ‘ c au s e
yo u ’r e  g o n n a  l e a r n  f r o m  i t .”

A s k i n g  s t u d e n t s  t o  e x p l a i n  a n d  j u s t i f y  t h e i r
t h i n k i n g .  P a m  f r e q u e n t l y  a s k e d  h e r  s t u d e n t s
t o  e x p l a i n  a n d  j u s t i f y  t h e i r  t h i n k i n g ,  b o t h  t o
t h e i r  s m a l l  g ro u p  a n d  t o  t h e  w h o l e  c l a s s .
S h e  p r e s s e d  s t u d e n t s  t o  t a l k  t h r o u g h  t h e i r
ideas ,  not  on ly  when they  were  fu l l y  deve loped
bu t  a l so  wh i l e  t h e y  we r e  s t i l l  i n  t h e  f o r ma t ive
s t a g e .  Fo r  e x a m p l e ,  a s  s h e  l o o k e d  ove r  a
s tuden t ’s  workshee t  dur ing  sma l l - g roup  work ,
she  cha l l enged  h im ,  “Math  i s  commun ica t ion .
You have to be able to communicate the concepts.
Yo u  h ave  t o  b e  a b l e  t o  c o m mu n i c a t e  yo u r
t h i n k i n g … .  N u m b e r s  a r e n ’ t  e n o u g h  f o r  m e .
Numbers aren’t enough for any good mathematician.
Yo u  h ave  t o  p r ove  i t .  Yo u  h ave  t o  c o nv i n c e
m e . ”  A  f e w  m o m e n t s  l a t e r ,  P a m  d e s c r i b e d
t h i s  c o n v e r s a t i o n  t o  t h e  w h o l e  c l a s s  i n  a n
attempt to encourage other students to s imi lar ly
t h i n k  t h r o u g h  a n d  e x p l a i n  t h e i r  a n s we r s.

Toward  the  end of  the  l esson Pam prov ided
an ex tended oppor tun i ty  for  s tudents  to  share ,
describe,  and prove their  ideas with one another.
D u r i n g  t h e  f i n a l  w h o l e - c l a s s  d i s c u s s i o n  o f
t h e  p r o b l e m ,  P a m  p u s h e d  s t u d e n t s  t o  r e a s o n
about the corners of a cube. With her prompting,
t h ey  we r e  ab l e  t o  p rov ide  r e l a t i v e l y  e l abo r a t e
r e s p o n s e s  a n d  j u s t i f i c a t i o n s.  Fo r  e x a m p l e ,
t h e y  n o t i c e d  t h a t  ( a )  a  2 x 2 x 2  c u b e  w a s  a l l
one color,  owing to the fact that i t  was composed
en t i r e l y  o f  co rne r s ;  ( b )  t he  co rne r s  o f  a  3x3x3
c u b e  w e r e  t h e  s a m e  c o l o r  a s  t h e  2 x 2 x 2  c u b e ;
a n d  ( c )  t h e r e  w e r e  a l w a y s  e i g h t  c o r n e r s  i n  a
c u b e .  A l l  t h e s e  i d e a s  c a m e  d i r e c t l y  f r o m  t h e
s t u d e n t s.  O n e  o f  Pa m ’s  m a i n  s t r a t e g i e s  f o r
e l i c i t i n g  t h e  i d e a s  w a s  t o  c a l l  o n  m u l t i p l e
s t u d e n t s  t o  c l a r i f y  a n d  e x t e n d  t h e  c o m m e n t s
o f  o t h e r s .  E ve n  a f t e r  o n e  s t u d e n t  e s p o u s e d
a  ma thema t i c a l l y  co r r e c t  i d e a ,  Pam p rompted
t h e  r e s t  o f  t h e  c l a s s  t o  c o n t i n u e  t a l k i n g  a n d
t h i n k i n g ,  a n d  i n  d o i n g  s o  s h e  w a s  a b l e  t o
p u s h  t h e  g r o u p  f u r t h e r  a l o n g  m a t h e m a t i c a l l y
w i t h o u t  s t e p p i n g  i n  a n d  t e l l i n g  t h e m  h e r s e l f .

E n c o u r a g i n g  s t u d e n t s  t o  a c t i v e l y  p r o c e s s  o n e
a n o t h e r ’s  i d e a s .  Pa m  n o t  o n l y  m a d e  s t u d e n t s ’
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i d e a s  a  p r o m i n e n t  p a r t  o f  t h e  P a i n t e d  C u b e s
l e s s o n ,  b u t  s h e  a l s o  p r o v i d e d  t h e  t i m e  a n d
st ructure  for  s tudents  to  ac t ive ly  process  these
ideas.  One  way  she  d id  th i s  was  by  h igh l ight ing
i d e a s  a n d  s o l u t i o n  m e t h o d s  s h e  o b s e r ve d
d u r i n g  s m a l l - g r o u p  wor k .  Fo r  e x a m p l e ,  a f t e r
o n e  g r o u p  r e a l i z e d  t h a t  t h e i r  2 x 2 x 2  c u b e  w a s
bu i l t  f rom b locks  tha t  were  a l l  the  s ame  co lo r ,
P a m  s h a r e d  t h i s  r e a l i z a t i o n  w i t h  t h e  e n t i r e
c l a s s.  Ye t  even  a f t e r  she  d id  so,  ano the r  g roup
s t i l l  s t r u g g l e d  t o  b u i l d  a  3 x 3 x 3  c u b e  w i t h  a
c l e a r  c o l o r  p a t t e r n .  P a m  c o n t i n u e d  t o  p u s h
t h a t  g r o u p  t o  p r o c e s s  t h e i r  c l a s s m a t e s ’  i d e a s
i n  o r d e r  t o  f u r t h e r  t h e i r  ow n  t h i n k i n g.  S h e
e n c o u r a g e d  t h e m  t o  b u i l d  a  2 x 2 x 2  c u b e  a n d
r e m i n d e d  t h e m  t h a t  a l l  t h e  b l o c k s  w o u l d  b e
t h e  s a m e  c o l o r .  U s i n g  t h e  s a m e  l a n g u a g e  a s
the  g roup  tha t  o r i g i n a l l y  made  th i s  d i s cove r y,
Pa m  t o l d  t h e  s t r u g g l i n g  g r o u p,  “ W h a t  Jo e
s a i d  i s  t r u e .  T h e y  a l l  h a v e  t o  b e  ‘ s t i n k i n ’  r e d ’
in a  2x2x2 [cube] .  Figure out why.” The students
soon noticed that their 2x2x2 cube was composed
e n t i r e l y  o f  c o r n e r s ,  a n d  t h i s  u n d e r s t a n d i n g
p r o m p t e d  t h e m  t o  r e d e s i g n  t h e i r  3 x 3 x 3  c u b e
us ing a  des ignated co lor  pat tern .  By a t t r ibut ing
a key idea to a classmate, Pam used that student’s
a u t h o r i t y,  r a t h e r  t h a n  h e r  ow n ,  t o  m o t iva t e
these  s t r ug g l ing  s tuden t s  to  de lve  dee pe r  in to
t h e  t a s k  a n d  u l t i m a t e l y  t a k e  o w n e r s h i p  o f
t h e  i d e a s  f o r  t h e m s e l ve s .

D i s c u s s i o n

Part ic ipat ion in  a  profess ional  deve lopment
p r o g r a m  w i t h  a n  e m p h a s i s  o n  t h e  c r e a t i o n
o f  a  d i s c o u r s e  c o m m u n i t y  c a n  b e  a  p o w e r f u l
l e a r n i n g  e x p e r i e n c e  f o r  t e a c h e r s  ( P u t n a m  &
Borko, 2000).  By ref lecting on their own learning
a n d  t h e  s t r a t e g i e s  t h a t  s u p p o r t  t h i s  l e a r n i n g ,
t e a c h e r s  c a n  g a i n  v a l u a b l e  n e w  p e d a g o g i c a l
i n s i g h t s  ( B a r n e t t ,  1 9 9 8 ;  Fa r m e r ,  G e r r e t s o n ,
&  L a s s a k ,  2 0 0 3 ) .  T h e  S T A A R  p r o f e s s i o n a l
development program’s summer institute provided
r i c h  o p p o r t u n i t i e s  f o r  p a r t i c i p a t i n g  t e a c h e r s
to learn a lgebraic content within a mathematical
discourse community. Teachers had the experience
of being both mathematics learners and reflective
p r a c t i t i o n e r s ,  a n d  m a n y  b e c a m e  i n s p i r e d  t o

implement  s t r a t eg i e s  s imi l a r  to  those  mode led
in the summer inst itute in their own classrooms..
During the fol lowing school year,  as the teachers
a t t e n d e d  m o n t h l y  p r o f e s s i o n a l  d e v e l o p m e n t
workshops and had their classrooms videotaped,
t h e y  c o n t i n u e d  t o  r e f i n e  t h e i r  p e d a g o g i c a l
p r a c t i c e s  a n d  b e c o m e  m o r e  v e r s e d  i n  t h e
a r t  o f  r e f l e c t i o n ,

The STAAR professional development program
demonstrates the powerful impact that facilitators
c an  have  when  they  a r e  v i ewed  a s  ro l e  mode l s
by  the  pa r t i c ipa t ing  t eacher s.  T he  pedag og ica l
s t r a t e g i e s  t h a t  f a c i l i t a t o r s  u s e  m a y  h a v e  a n
e s p e c i a l l y  s t r o n g  i n f l u e n c e  i f  t h e  f a c i l i t a t o r s
e x p l i c i t l y  p o i n t  o u t  t h e s e  s t r a t e g i e s  a n d  t h e
teachers have an opportunity to ref lect  careful ly
o n  t h e i r  l e a r n i n g.  I n  d a i l y  r e f l e c t i o n s  w r i t t e n
during the summer institute, teachers commented
o n  t h e  m a t h e m a t i c s  t h e y  w e r e  l e a r n i n g  a n d
s p e c i f i c  f e a t u r e s  o f  t h e  e n v i r o n m e n t  w i t h i n
which th is  l earn ing took p lace.  Many,  inc lud ing
P a m ,  c o m m e n t e d  o n  t h e  w a y s  i n  w h i c h  t h e
f a c i l i t a t o r s ’  u s e  o f  c o m m u n i c a t i o n  s t r a t e g i e s
c o n t r i b u t e d  t o  t h e i r  l e a r n i n g  ( B o r k o  e t  a l . ,
2005) .  I f  the  implementa t ion of  such s t ra teg ies
is an explicit goal of the professional development,
our exper iences sug gest  that  cr i t ica l  ing redients
inc lude act ive involvement ,  adequate  ref lect ion
t i m e ,  a n d  t h e  c o n t i n u e d  s u p p o r t  o f  p e e r s  a s
we l l  a s  p r o f e s s i o n a l  d e ve l o p m e n t  p r ov i d e r s.

As the v ignette  f rom Pam’s  “Painted Cubes”
l e s s o n  i l l u s t r a t e s ,  i t  i s  p o s s i b l e  t o  p u t   i n t o
p r a c t i c e  many  o f  t he  r e commended  s t r a t eg i e s
f o r  e s t a b l i s h i n g  a  d i s c o u r s e  c o m m u n i t y  i n  a
m i d d l e  s c h o o l  m a t h e m a t i c s  c l a s s r o o m .  P a m
w o r k e d  h a r d  t o  p o s e  a  r i c h  t a s k ,  c r e a t e  a
s a f e  e n v i r o n m e n t ,  h a v e  h e r  s t u d e n t s  e x p l a i n
and jus t i fy  the i r  so lut ions ,  and act ive ly  process
o n e  a n o t h e r ’s  i d e a s .  Pa m ’s  s u c c e s s  w i t h  t h i s
lesson was evidenced by the learning her students
demonstra ted wi th  respect  to  the  mathemat ica l
properties of  cubes. Students’ written ref lections
included statements such as “We init ial ly thought
t h a t  i t  w a s  o n l y  p o s s i b l e  t o  m a k e  o u r  c u b e
pattern on cubes with odd numbered measurements.
We  l e a r n e d  t h a t  we  n e e d e d  t o  t h i n k  o u t s i d e
t h e  b ox  a n d  b e  m o r e  o p e n  t o  n e w  i d e a s .”
As this quote suggests, Pam’s lesson did challenge
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h e r  s t u d e n t s  “ t o  t h i n k  o u t s i d e  t h e  b o x ”  a n d
u l t i m a t e l y  t h e y  w e r e  a b l e  t o  c o m m u n i c a t e
c o m p l e x  m a t h e m a t i c a l  i d e a s.  I n  wor k s h e e t s
c o m p l e t e d  b y  t h e  e n d  o f  t h e  t h r e e  d a y s  s p e n t
o n  t h i s  p r o b l e m ,  a l m o s t  a l l  o f  Pam’s students
were able to successfully write generalizable patterns
for cubes with 3, 2, 1, or no faces painted.
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