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G a ea Leinhard t 
Learnin g Researc h an d Developmen t  Cente r 

Universit y o f  Pittsburgl i 
Pittsburgh ,  Pennsylvani a 1526 0 

gaea@vms.cis.pitt.ed u 

Abs t rac t 

This paper extends a dialogue on the nature of 
explanation s an d instructiona l  discours e t o includ e 
instructiona l  explanations .  Th e pape r  examine s 
instructiona l  explanation s a t  thre e levels :  (a )  th e 
distinction s betwee n specifi c  type s o f 
explanation s (common ,  disciplinary ,  self ,  an d 
instructional )  wit h respec t  t o specifi c  feature s 
(proble m type ,  initiation ,  evidence ,  form ,  an d 
audience) ;  (b )  th e occasion s withi n histor y (events , 
structures ,  themes ,  an d metasystems )  an d 
mathematic s (operations ,  entities ,  principles ,  an d 
metasystems )  tha t  promp t  explanations ;  an d (c ) 
critica l  goa l  state s presen t  i n successfu l 
explanatio n (representation s known ,  verba l 
discours e complete ,  natur e o f  proble m 
understood ,  principle s accessed) .  Usin g thes e 
thre e levels ,  thre e example s o f  share d 
instructiona l  explanation s ar e explored ,  tw o i n 
histor y an d on e i n mathematics . 

Distinctions 

Explanations occur in response to an implicit or 
explici t  query .  Th e form ,  location ,  an d sens e o f 
th e quer y shap e th e explanation .  Thi s researc h 
focuse s o n instructiona l  explanation s a s 
distinguishe d fro m c o m m o n explanations , 
disciplinar y explanations ,  an d sel f  explanations . 
Whil e al l  explanation s shar e som e features ,  ther e 
ar e als o importan t  distinctions . 

C o m m on explanation s occu r  i n respons e t o a 

direc t  questio n abou t  ho w t o d o somethin g o r 
procee d wit h a n event ;  the y ar e loca l  an d even t  o r 
information-based .  C o m m on explanation s res t 
heavil y o n a t  leas t  tw o speakers '  share d sens e o f 
ho w suc h question s ar e t o b e aske d an d 
answered .  (Ho w d o I  re-ligh t  th e pilo t  ligh t  i n m y 
instantaneou s wate r  heater ? W h y ar e th e 
registratio n form s du e now? )  Th e quer y i s 
focussed ,  short ,  an d directed .  Thes e ar e commo n 
becaus e the y ar e a  frequen t  an d vita l  par t  o f  ou r 
everyda y life .  Th e resultin g explanation s ar e als o 
notabl e becaus e o f  thei r  lac k o f  groundin g i n 
subjec t  matter ,  thei r  brevit y (on e t o fou r 
exchange s ar e usuall y sufficient) ,  lac k o f  intimacy , 
and thei r  lac k o f  a  dee p sens e o f  inquir y o n th e par t 
of  th e asker .  The y ar e als o notabl e fo r  thei r 

relianc e o n a  sharin g o f  th e socia l  settin g an d 
rathe r  surfac e feature s o f  cultura l  exchange . 

Disciplinar v explanations ,  o n th e othe r  hand , 

aris e fro m over t  a s wel l  a s taci t  queries ;  the y ten d 
t o b e lengthy ,  formal ,  an d ca n exis t  acros s 
distance s o f  tim e an d place .  Th e explanationa l 
for m i s ritualized ,  maximizin g communicatio n i n th e 
absenc e o f  fac e an d voice .  Disciplinar y 
explanation s ar e buil t  aroun d a  cor e o f  rhetorica l 
convention s withi n th e disciplin e tha t  hel p t o 
determin e for m an d completion .  Convention s 
includ e identificatio n o f  importan t  questions ,  wha t 
constitute s evidence ,  wha t  ma y b e assumed ,  an d 
what  th e agend a i s fo r  th e discipline .  Disciplinar y 
explanation s hav e rule s tha t  hel p th e communit y o f 
thinker s i n tha t  fiel d focu s o n th e tas k o f 
constructin g ne w knowledg e an d reformulatin g 
extan t  knowledge .  I n on e sense ,  thes e ar e 
sociall y constraine d event s becaus e explanation s 
fo r  on e grou p ar e no t  particularl y recognizable ,  le t 
alon e acceptable ,  t o another- a physic s 
explanatio n i s quit e differen t  fro m on e i n histor y o r 
literar y criticism .  (Th e futil e attemp t  t o mak e the m 
simila r  i s  documente d i n th e writin g o f  Hempe l 
[Hempel  &  Oppenheim ,  1948 ,  1988 ;  Collingwood , 
1946]. )  Disciplinar y explanation s contai n a n 
elemen t  o f  justificatio n withi n th e bound s o f 
share d rules .  I n anothe r  sense ,  thes e 
explanation s ar e non-socia l  becaus e th e presenc e 
of  a  physica l  audienc e i s no t  a  requirement . 
Disciplinar y explanation s d o no t  provid e practica l 
informatio n i n th e sens e o f  th e everyda y bu t  the y 
do provid e "real "  informatio n i n a  rea l  form ,  i n th e 
sens e o f  informatio n highl y value d b y a  particula r 
community .  Disciplinar y explanation s serv e th e 
functio n o f  provin g th e legitimac y o f  ne w 
knowledge ,  reinterpretation s o f  ol d knowledge ,  o r 
challenge s an d answer s t o existin g knowledge . 
Fro m a n educationa l  standpoint ,  whe n student s 
approximat e disciplinar y explanations ,  the y ar e 
engage d i n authenti c disciplinar y activity .  W h e n 

the y ca n us e th e knowledg e i n suc h a n 
explanatio n i n othe r  explanation s outsid e th e 
discipline ,  the y engag e i n a  differen t  for m o f 
authenticity . 

Disciplinar y explanation s diffe r  fro m eac h othe r 
becaus e differen t  discipline s us e differen t 
principle s o r  theories ,  mak e dramaticall y differen t 
use s o f  evidence ,  hav e differen t  rule s fo r 
refutation ,  ten d t o permi t  differen t  level s o f  sel f 
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reflectio n o r  layering ,  and ,  mos t  importantly ,  as k 
ver y differen t  kind s o f  questions .  Wha t  i s th e 
natur e o f  th e circulator y system ? H o w doe s i t 
work ? Wha t  i s th e natur e o f  baboo n materna l 
behavior ? H o w d o baboo n troop s develo p an d 
maintai n stmcture ? W h e n di d th e univers e begin ? 
H ow man y region s ar e create d whe n fiv e plane s 
cut  a  space ? Wha t  i s th e balanc e betwee n libert y 
and powe r  reflecte d i n th e Constitution ? What  i s 
th e rol e o f  th e peasan t  intellectua l  i n definin g 
nationa l  identity ? Explanation s i n answe r  t o thes e 
differen t  question s loo k differen t  fro m eac h other . 

Sel f  explanation s ar e explanation s give n t o th e 

sel f  t o establis h meanin g o r  t o incorporat e ne w 
knowledg e wit h old .  Th e "self "  ma y b e a  grou p 
tha t  i s  facin g a  share d task ,  bu t  mor e commonl y th e 
sel f  explanatio n i s intra-individual .  Th e verba l  trac e 
of  a  sel f  explanatio n i s idiosyncratic ,  local ,  an d 
fragmentary ,  leavin g unsai d th e know n bit s o f 
informatio n an d stoppin g whe n th e en d i s i n vie w 
rathe r  tha n whe n i t  i s actuall y arrive d at .  Th e quer y 
i s prompte d b y a  sens e o f  incongruit y o r  desir e fo r 
generativ e cohesion .  Sel f  explanation s hav e 
bee n show n t o b e fundamenta l  t o learnin g 
comple x materia l  (Chi ,  Bassok ,  Lewis ,  Reimann ,  & 
Glaser .  1989) .  Th e sens e o f  askin g an d answerin g 
ones '  ow n question s i s perhap s th e mos t  powerfu l 
indicato r  o f  meaningfu l  learnin g behaviors ,  a s 
contraste d wit h so-calle d mechanica l  o r  rot e 
learnin g (Leinhard t  &  Putnam ,  1987 ;  Ch i  e t  al. , 
1989) . 

I n younge r  students ,  thi s sens e o f  self -
explanatio n inquir y ha s bee n directl y taught ,  an d 
when th e inquir y matche s th e eventua l  demand s 
of  th e situatio n th e instructio n ha s bee n ver y 
fnjitfu l  an d facilitatin g (Palincsa r  &  Brown .  1984) .  I n 
slightl y olde r  childre n (12-14) ,  suc h inquir y an d 
explanatio n i s ofte n a n indicato r  o f  academi c 
success ,  althoug h i t  i s  a  featur e o f  learnin g tha t 
educator s wan t  t o se e mor e ofte n tha n the y 
actuall y d o (Leinhard t  &  Putnam ,  1987) .  A t  th e 
hig h schoo l  level ,  whe n dealin g wit h comple x 
material ,  th e for m an d inten t  o f  suc h inquir y whil e 
studyin g i s a  powerfu l  predicto r  o f  knowledg e 
acquisition .  A s Ch i  an d he r  colleague s assert ,  sel f 
explanation s ar e "th e students '  contributio n t o 
learning. "  (Chi ,  e t  al. ,  1989 ,  p .  146 ) 

Instructiona l  explanation s ar e th e teachers '  an d 

texts '  contribution s t o learnin g an d thes e 
explanation s ar e designe d specificall y fo r 
communicatio n o f  a  particula r  aspec t  o f  subjec t 
matte r  knowledge ;  the y ar e designe d t o teach . 
Instructiona l  explanation s teac h i n thre e ways . 
First ,  instructiona l  explanation s convey ,  structure , 
convince ,  an d demonstrate ;  second ,  instructiona l 
explanation s mode l  questionin g an d explainin g i n 
th e discipline ;  an d third ,  instructiona l  explanation s 
giv e clue s t o meta-cognitiv e behavior .  Suc h 

explanation s occu r  i n respons e t o a n actua l  query , 
an anticipate d o r  probabl e query ,  o r  perceive d 
puzzlement .  Instructiona l  explanation s ar e 
designe d t o explai n concepts ,  procedures , 
events ,  ideas ,  an d classe s o f  problem s i n orde r  t o 
hel p student s understand ,  learn ,  an d us e 
informatio n i n flexibl e ways .  The y ar e complet e 
wit h respec t  t o thei r  verba l  trace ,  bu t  thei r  for m i s 
more spontaneou s tha n i t  i s  i n a  disciplinar y 
explanation .  The y ar e decidedl y socia l  (computer s 
notwithstanding )  an d loca l  i n tim e an d place . 
Instructiona l  explanation s ten d t o b e elaborat e an d 
reflec t  bot h th e rule s o f  communicatio n an d th e 
rule s o f  th e discipline .  Thus ,  the y mak e us e o f 
example s fro m bot h th e personal ,  share d 
experience s o f  th e communit y o f  learner s an d fro m 
th e disciplin e itself .  The y ca n dra w o n 
representation s tha t  ar e colloquia l  an d familia r  an d 
on abstrac t  o r  intermediat e representation s (White , 
i n press) . 

Disciplinar y explanation s ar e a  par t  o f  teachin g 
and learnin g becaus e o f  th e rol e the y pla y I n 
establishin g "rea l  questions "  (Lampert ,  1990 )  an d 
i n guidin g rule s o f  evidenc e an d justification .  Sel f 
explanation s ar e th e processe s o f  developin g 
meanin g fo r  th e sel f  and ,  a s such ,  ar e als o a  vita l 
par t  o f  learnin g (Chi ,  e t  al. ,  1989) .  Instructiona l 
explanation s buil d fro m thei r  particula r  context s 
t)0t h physicall y an d socially ;  the y ten d t o hav e 
redundanc y a s a  conspicuou s feature .  Th e goo d 
teache r  strive s i n th e explanatio n fo r  vividnes s an d 
distinctio n fro m th e surroundin g mas s o f 
information .  Disciplinar y explanation s ar e admired , 
on th e othe r  hand ,  fo r  thei r  eleganc e an d 
parsimony . 

The difference s amon g disciplinary ,  self ,  an d 
instructiona l  explanation s consis t  o f  difference s i n 
what  get s explained ,  ho w a n explanatio n i s 
initiated ,  wha t  constitute s rule s o f  evidenc e an d 
legitimat e authority ,  whe n a n explanatio n i s 
complete ,  an d th e audienc e fo r  a n explanation .  T o 
review ,  wha t  get s explaine d i n a  disciplinar y 
explanatio n i s a n answe r  t o a n extan t  questio n o r  a 
reformulatio n o f  a  positio n i n ligh t  o f  a  disciplinar y 
dialogue .  Th e explanatio n i s initiate d b y a  publi c 
challeng e o r  a s a n ac t  o f  completio n t o a  previousl y 
incomplet e understanding .  Wha t  get s explaine d 
when on e i s explainin g t o onesel f  i n a  learnin g 
settin g i s ho w t o wor k aroun d a  problem ,  ho w t o 
connec t  a  ne w piec e o f  informatio n t o existin g 
information ,  o r  ho w t o restructur e o r  rearrang e 
existin g information .  Thi s typ e o f  explanatio n i s 
initiate d whe n a n incongruit y i s note d o r  a n 
integratio n needed .  I n instructiona l  explanations , 
what  get s explaine d i s informatio n no t  understood , 
or  whic h ma y no t  b e understoo d o r  whic h ma y 
hav e futur e value .  The y ar e initiate d i n respons e 
t o over t  o r  cover t  querie s o r  whe n a  piec e o f 



informatio n ha s bee n flagge d b y a  teache r  a s 
important .  (N.B. ,  instructiona l  explanation s ma y b e 
give n b y teachers ,  students ,  o r  bot h together) . 

The rule s o f  evidenc e fo r  discipline-base d 
explanation s ar e ritualize d an d shared ,  an d th e 
for m tend s t o b e formal ,  almos t  code d (especiall y 
i n spoke n presentations) ,  strivin g toward s 
parsimon y an d elegance .  Completenes s i s 
required ,  especiall y i n th e writte n forms .  I n 
contrast ,  th e rule s o f  evidenc e fo r  sel f 
explanation s ar e eithe r  completel y unrestricted , 
(includin g folklore ,  persona l  experience) ,  o r  overl y 
rule-bound .  Th e verba l  trac e o f  sel f  explanation s 
as reporte d b y Chi ,  e t  al .  (1989 )  i s fragmented , 
idiosyncratic ,  brief ,  an d sometime s redundant . 
Instructiona l  explanation s us e th e discipline-base d 
rule s o f  evidence ,  share d persona l  experiences , 
and texts .  Instructiona l  explanation s als o mak e ric h 
us e o f  externa l  representation s an d analogies . 
Such explanation s ar e complet e whe n consensu s 
i s reache d abou t  a  share d leve l  o f  understanding . 
Thi s lead s bot h t o redundanc y i n th e for m an d a n 

informalit y o f  spoke n presentation.' ' 
Instructiona l  explanation s i n mathematics , 

history ,  geography ,  an d writing ,  hav e bee n th e 
focu s o f  a n ongoin g progra m o f  research .  Thi s 
researc h ha s addresse d tw o issues :  th e object s o r 
occas ion s fo r  a n explanation ;  an d th e 

developmen t  o f  a  m o d e l  o f  instructiona l 

explanations .  Researc h addressin g th e occasion s 
fo r  instructiona l  explanation s ha s focusse d o n 
histor y (Leinhardt ,  1993 ;  Leinhardt ,  Stainton ,  & 
Virji ,  1992 ;  Leinhardt ,  Stainton ,  Virji ,  &  Odoroff , 

T̂hi s discussio n ha s avoide d engagin g i n mor e tha n a 
passin g referenc e t o th e intens e philosophica l  debat e 
surroundin g "explanation. "  Th e 197 1 volum e b y Geor g 
Henri k v o n Wright ,  Explanat io n a n d Unders tand ing ,  th e 
197 6 volum e b y Mannine n an d Tuomela ,  Essay s o n 
Explanatio n an d Understanding :  Studie s i n th e 
Foundation s o f  Humanitie s an d Socia l  Sciences ,  an d 
th e 198 8 volum e edite d b y Josep h Pitt ,  Theorie s o f 
Explanation ,  captur e man y o f  th e critica l  moment s i n th e 
debat e ove r  th e las t  4 5 years .  Th e avoidanc e o f  th e 
debat e her e ha s bee n du e t o thre e issues :  first ,  th e 
debat e ha s centere d ou t  a  laye r  fro m th e issue s o f 
interes t  here ,  namely ,  a  debat e abou t  th e scienc e o f 
knowin g science ;  second ,  th e leve l  o f  analysi s i s to o 
fine-graine d t o b e helpfu l  currentl y t o th e coarser -
graine d proble m o f  instructiona l  explanations ;  third ,  th e 
debat e ha s focusse d o n "Wha t  count s a s a n 
explanation. "  Th e debat e strateg y fo r  definin g o r 
generatin g explanation s o f  explanation s ha s bee n a 
winnowin g one .  However ,  th e strateg y pursue d her e i s 
close r  t o thos e o f  archeology :  cas t  a  ne t  i n a n 
environmen t  o f  explanation s an d wor k wit h thos e 
capture d phenomena ;  i f  som e element s ar e judge d t o b e 
inappropriatel y included ,  tha t  i s  probabl y les s harmfu l 
tha n neve r  gettin g starte d o n th e enterpris e a t  all .  Wit h 
thes e caveats ,  th e discussio n continues . 

1992 ;  Stainto n &  Leinhardt ,  1992) .  Wor k o n a 
model  o f  instructiona l  explanation s i n mathematic s 
has develope d t o th e poin t  o f  "testing "  a  probabl e 
model  o f  suc h explanation s (Leinhardt ,  1989) ,  an d 
specifie s a  syste m o f  goal s an d actions .  Th e 
objec t  o f  th e researc h i s a n integrate d discussio n 
of  instructiona l  explanation s acros s severa l 
differen t  subjects . 

Occasions 

Instructional explanations are given in response to 
specifi c  pedagogica l  trigger s suc h a s confusion ,  o r 
direc t  questions .  T h e y ar e als o give n w h e n th e 
teache r  h a s planne d t o teac h a  particula r  portio n o f 
a subjec t  mat te r  b e c a u s e tha t  con ten t  i s 
significant .  T h e teachin g pla n m a y b e a s simpl e a s 
a n unordere d lis t  o f  idea s t o b e men t ione d w h e n 
th e educationa l  dialogu e get s t o it ,  o r  a s c o m p l e x 
a s a  detaile d se t  o f  goals ,  examp les ,  manipulatives , 
a n d practices .  Bot h kind s o f  plan s includ e a n 
explanation .  I n histor y a n d i n mathemat ics ,  ther e 
ar e fou r  genera l  occasion s tha t  s e e m t o warran t 
instructiona l  explanations .  Tabl e 1  s h o w s thes e 
occasion s b y discipline . 

Table 1. Occasions for instructional explanations 
i n histor y an d mathematics . 

HISTORY 

Event s 
shor t  narrativ e episode s 
wars ,  treaties ,  biographie s 
causalit y an d chang e 

gtrugturgg 
lon g expositor y system s 
government ,  econom y 
relational ,  hierarchy ,  flow * 

Themes 
interpretiv e cohesiv e device s 
power  vs .  freedom ,  capita l  contro l 
pattern s 

Metasvstems 
tool s 
analysis ,  synthesis ,  interpretatio n 
strateg y 

M A T H E M A T I CS 

Qper^tlop ? 
action s o f  mathematic s 
functions ,  algorithms ,  mappin g 
productio n 

Entitles 
element s descriptiv e o r  analyti c 
number  systems ,  geometri c form s 
propertie s 

Principles 
constraint s an d affordance s 
associativity ,  transitivity ,  proo f 
applicatio n 

Metasvstems 
tool s 
heuristics ,  notation s 
strateg y 

E v e n t s ar e th e paradigmatic ,  shor t  narrativ e 

episode s characteristi c o f  history .  Event s includ e 
migrations ,  revolutions ,  c h a n g e s o f  peop l e a n d 
offices ;  thei r  connection s ar e causal .  Event s h a v e 
actors ,  purpose ,  motives ,  c o n s e q u e n c e s a n d ar e 
narrativ e i n flavor .  Student s lear n details ,  t ime , 
location ,  a s wel l  a s caus e an d consequence s o f 
events .  Operat ion s i n mathematic s ar e 

comparabl e t o event s i n history .  Thes e "verbs "  o f 
mathematic s includ e mathematica l  functions . 



procedures ,  iterations ,  patter n searches ,  an d 
algorithms .  Th e perlormanc e o f  a n operatio n i s a 
simpl e o r  comple x actio n tha t  produce s chang e i n 
a manne r  analogou s t o event s i n history .  Bu t 
explanation s o f  event s I n histor y contai n agent s 
and action s an d causa l  connections :  operation s i n 
mathematic s operat e o n mathematica l 
components . 

Societa l  an d physica l  structure s i n histor y ar e 

slo w movin g o r  stati c entitie s whos e connection s 
ar e relationa l  (hierarchical ,  embedded ,  bi -
directional )  rathe r  tha n causal .  The y includ e 
economic ,  politica l  an d socia l  systems .  Whil e 
structure s ris e an d fal l  i n significance ,  thei r  tim e 
fram e i s centurie s o r  millenni a a s contraste d t o 
days ,  months ,  an d years .  Wher e war s an d 
biographie s ar e th e archetypa l  events , 
government s an d socia l  organization s (e.g. , 
church )  ar e th e archetypa l  structures .  Structure s 
may o r  ma y no t  impac t  o r  b e impacte d b y events . 
But ,  teachin g an d learnin g abou t  the m make s us e 
of  expositor y descriptiv e languag e a s oppose d t o 
nan-ative . 

Mathematica l  entitie s suc h a s th e variou s 

number  system s ar e simila r  bu t  D d identica l  t o 

stojctures .  The y ma y b e operate d upon ,  bu t  the y 
nee d t o b e understoo d i n themselves .  I n fact , 
understandin g a  particula r  syste m suc h a s decima l 
fraction s impose s constraint s o n th e operations , 
and th e us e o f  operation s wit h entities .  Entitie s 
als o includ e forms ,  suc h a s geometri c shape s an d 
thei r  properties ,  an d graphic s an d thei r  properties . 
Many mathematica l  entitie s ca n pla y operationa l 
roles ,  fo r  example ,  fraction s an d percent . 
Explanation s o f  mathematica l  entitie s ten d t o rel y 
on embodiments ,  envisioning ,  an d definition .  A n 
aspec t  o f  entitie s no t  comparabl e t o historica l 
structure s i s tha t  withi n a  for m (numbe r  system ) 
eac h se t  ha s a  define d relationshi p t o othe r  set s i n 
th e form ,  s o integer s ar e a  subse t  o f  th e rea l 
numbers ,  a  squar e i s a  rectangle . 

Historica l  theme s ar e th e interpretiv e principle s 

fo r  historians .  The y hel p buil d th e rhetorica l  stanc e 
fo r  an y particula r  circumstance .  Fo r  example , 
discussion s o f  powe r  an d freedo m ( a politica l 
theme) ,  o r  tension s betwee n mercantil e an d 
agraria n interest s (a n economi c theme) ,  ar e 
theme s use d t o accoun t  an d recoun t  historica l 
system s an d actions .  I t  coul d b e argue d tha t 
theme s ar e th e device s o f  historica l  explanatio n 
not  th e objects ;  jus t  a s scientifi c  principle s ar e th e 

device s o f  scientifi c  explanation .  However , 
instnjctiona l  explanation s mus t  als o includ e eithe r 
explicitl y  o r  implicitl y  theme s a s th e targe t  fo r  a n 
explanation . 

Mathematica l  principle s for m th e constraint s an d 

affordance s tha t  imping e o n operation s an d 
entitie s an d mak e certai n action s possibl e o r  illegal . 

Thes e principle s includ e concept s lik e associativit y 
and communitivity ,  an d the y includ e cluster s o f 
concept s suc h a s proof .  A s wit h history ,  particula r 
proof s migh t  easil y b e understoo d a s a  natura l 
occasio n fo r  a n explanation ,  bu t  th e ide a o f  proo f 
itsel f  seem s mor e elusiv e becaus e i t  i s  bot h a 
devic e o f  mathematica l  explanatio n an d a n objec t 
of  it . 

Metasystem s o f  histor y an d mathematic s ar e th e 

tool s an d strategie s o f  thei r  respectiv e disciplin e 
and student s no t  onl y lear n the m bu t  als o lear n th e 
circumstance s o f  thei r  use .  Th e metasystem s o f 
histor y includ e analysis ,  synthesis ,  hypothesizing , 
perspectiv e taking ,  an d interpretation .  Analysis , 
synthesis ,  an d hypothesi s ar e specifi c 
historiographi c actions ,  wherea s perspectiv e 
takin g an d interpretatio n ar e mor e organizationa l 
and dispositiona l  - -  a  sens e o f  slan t  o n a  topic . 
Instructiona l  explanation s o f  metasystem s o f 
histor y o r  mathematic s ten d t o b e throug h 
example s i n use .  Th e metasystem s o f 
mathematic s hav e bee n th e focu s o f  intensiv e 
analysi s an d discussio n b y Poly a (1973 )  an d 
Schoenfel d (1985) .  The y includ e proble m solvin g 
heuristics ,  suc h a s simplification ,  extrem e cases . 
analogy ,  an d patter n identification .  A  secon d are a 
not  usuall y included ,  however ,  ar e th e notationa l 
structure s o f  mathematics .  A s occasion s fo r 
instructiona l  explanations ,  notation s coul d b e 
considere d entitie s o r  a  propert y o f  operations . 
However ,  notation s ar e arbitrary ,  frequentl y 
confusing ,  an d hav e a  flavo r  unlik e th e mor e 
mathematicall y enriche d concepts .  Consider ,  fo r 
example ,  th e fac t  tha t  Ramanujan' s idea s abou t 
mathematica l  serie s wer e insightfu l  an d accurate . 
but  hi s notation s wer e s o inventiv e an d obscur e 
tha t  the y mad e i t  impossibl e fo r  al l  bu t  Hard y t o 
recogniz e thei r  validit y (Kanigel ,  1991) . 

I  vie w thes e occasion s i n mathematic s an d 
histor y a s th e disciplinar y circumstance s tha t 
promp t  a n explanation ,  no t  th e simpl e 
categorizatio n o f  topics .  Th e reaso n fo r 
distinguishin g amon g the m i s tha t  th e plan s fo r  a 
particula r  explanatio n diffe r  dependin g o n th e 
occasion .  Fo r  example ,  th e rol e o f  analog y i n 
histor y i s fa r  mor e centra l  an d frequen t  i n 
explainin g event s an d structure s tha n i n explainin g 
theme s an d metasystems .  Further ,  th e characte r 
of  th e analogie s i s quit e differen t  o n differen t 
occasion s (McCarth y &  Leinhardt ,  1993) .  Havin g 
sai d tha t  occasion s ar e different ,  i t  i s  importan t  t o 
poin t  ou t  tha t  instructiona l  explanation s ofte n 
targe t  mor e tha n on e occasio n i n a  simpl e 
explanation .  I n general ,  however ,  ther e i s a  taci t 
demand o n th e learne r  t o shif t  whe n thinkin g 
abou t  propertie s o f  a  numbe r  o r  economi c syste m 
as contraste d t o thinkin g abou t  divisio n o r  th e Civi l 
War. 



P lan s o f  goa l s a n d act ion s 

If occasions are the opportunities, then plans of 
goal s an d action s ar e th e enactment s o f 
instructiona l  explanations .  W e hav e develope d a 
model  o f  instructiona l  explanation s i n mathematic s 
tha t  take s th e for m o f  a  planin g ne t  (Leinhardt , 
1987 ;  Sacerdoti ,  1977 ;  VanLeh n &  Brown ,  1980) . 
Thi s mode l  ha s bee n use d t o describ e th e action s 
and goal s presen t  i n a  mathematic s explanatio n 
acros s a  wid e rang e o f  instructiona l  level s fro m 
secon d grad e subtractio n t o a  colleg e leve l  cours e 
taugh t  b y Poly a (Leinhardt ,  1987 ;  Schwar z & 
Leinhardt ,  1993) .  I t  ha s bee n show n tha t  exper t 
teacher s regularl y incorporat e mos t  o f  th e majo r 
feature s i n th e mode l  whil e novic e teacher s d o no t 
(Leinhardt ,  1989) .  I n thi s paper ,  I  exten d th e 
model  t o includ e history .  Thi s mode l  include s 
thos e goa l  state s presen t  i n th e majorit y o f 
instructiona l  explanation s i n bot h histor y an d 
mathematics ,  bu t  doe s no t  includ e thos e uniqu e 
t o eac h subject .  ( A complet e discussio n woul d 
requir e a n examinatio n o f  th e non-overlappin g 
goal s i n th e disciplines ;  however ,  spac e preclude s 
tha t  discussio n fo r  now. )  Fou r  goa l  state s 
commonl y presen t  i n bot h histor y an d mathematic s 
explanation s are :  identificatio n o f  natur e o f  th e 

problem :  knowin g representationa l  bas e use d t o 

explain ;  completio n o f  th e verba l  explanatio n i n a 

manner  tha t  connect s i t  t o bot h th e natur e o f  th e 

proble m an d th e representation(s) :  an d th e 

principle s accesse d o r  addresse d i n th e 

explanation .  Th e actio n schema s tha t  suppor t 
thes e goa l  state s ar e uniqu e fo r  differen t 
instructiona l  subjec t  matter s an d differen t 
occasion s withi n subjec t  matter . 

Each subjec t  matte r  ha s it s ow n famil y o f 
question s o r  problem s tha t  i t  addresses .  Ther e i s 
an obviou s relationshi p betwee n th e occasion s fo r 
instructiona l  explanation s an d goa l  o f  identifyin g 

th e natur e o f  th e proble m bein g explained .  Th e 
occasion s ar e th e classe s o f  likel y problem s i n a 
domain .  Example s o f  problem s i n histor y include : 

W as ther e a  reasonabl e adjustmen t  betwee n 
libert y an d powe r  whe n th e Constitutio n wa s 
writte n t o replac e th e Article s o f  Confederation ? o r 
W as Reconstructio n constructive ? Example s o f 
problem s i n mathematic s include :  Wha t  rul e 
(function )  underlie s thes e pattern s o f  numbers ? 
Why i s 1/ 4 time s 3  equa l  t o 3/4 ? Ho w man y space s 
ar e create d whe n a  regio n i s cu t  b y fiv e planes ? 
Understandin g wha t  constitute s a  proble m 
require s mor e tha n a  teache r  statin g it ;  i t  require s 
that ,  a s a n explanatio n unfolds ,  th e teache r  an d 
student s connec t  th e representations ,  principles , 
and verba l  discours e bac k t o th e proble m t o assur e 
coherence .  Student s graduall y lear n ho w t o 

answer  particula r  question s i n subjec t  areas .  Les s 
frequentl y ar e the y give n th e opportunit y t o lear n 
ho w t o fram e questions .  I n a  goo d instructiona l 
explanation ,  th e questio n o r  proble m bein g 
answere d i s a s clea r  a s th e answer .  I n explanation s 
give n b y studen t  teachers ,  th e proble m bein g 
explaine d i s frequentl y invisibl e (Leinhardt ,  1989) . 
Thi s leave s student s wit h a n answe r  t o a n unaske d 
questio n an d th e knowledg e i s decidedl y iner t 
(Bereite r  &  Scardamalia ,  1985 ;  Leinhardt ,  1988a , 
1988b) .  Th e specifi c  proble m bein g explaine d 
constrain s al l  othe r  goal s an d actio n i n a n 
explanationa l  plan . 

Knowin g th e representationa l  bas e use d i n a n 

explanatio n i s on e o f  th e share d goal s i n histor y 
and mathematics .  Representation s i n mathematic s 
includ e microworlds ,  manipulatives ,  diagrams ,  an d 
gestures .  I n history ,  representation s ar e mos t 
frequentl y analogies .  I n bot h mathematic s an d 
history ,  example s ca n als o b e considere d 
representations .  Representativ e system s serv e a s 
simplifyin g bridges .  The y ca n onl y d o thi s i f  the y 
ar e simplifying ,  i f  th e representatio n fit s  th e 
proble m bein g explained ,  an d i f  the y ar e know n t o 
th e students .  I n a n instructiona l  explanation , 
exper t  teacher s fla g th e connection s betwee n 
prio r  knowledg e an d th e targe t  informatio n a s wel l 
as negativ e entailment s an d misalignment s 
betwee n th e representatio n an d th e targe t 
(Leinhardt ,  1988a) .  Tha t  is ,  bot h th e fi t  an d th e 
lac k o f  fi t  ar e clea r  t o th e student .  Instructiona l 
explanation s d o no t  requir e a  secondar y 
representationa l  syste m o r  examples ,  bu t  th e 
majorit y contai n them .  I n poo r  explanations ,  th e 
representationa l  syste m sometime s become s th e 
targe t  an d th e explanatio n get s los t  i n it s ow n 
analogy . 

Any device s use d i n a n explanation ,  suc h a s 
representation s o r  micro-worlds ,  mus t  b e know n t o 
th e learne r  an d th e operation s i n tha t  spac e mus t 
be accessible ,  befor e th e devic e i s use d t o buil d 
an explanation .  I n th e parlanc e o f  Gentne r  (1983) , 
attemptin g t o buil d a  bas e an d a  targe t  a t  th e sam e 

tim e i s difficult .  Fo r  example ,  a  se t  o f  pape r  strips , 
whic h migh t  b e use d fo r  explainin g equivalen t 
fraction s bu t  whic h requir e uniformit y o f  lengt h an d 
alignmen t  t o operat e "correctly, "  canno t  b e 
introduce d a s a  ne w representatio n a t  th e sam e 
tim e a s i t  i s  bein g use d t o explai n equivalen t 
fractions .  Further ,  th e operation s i n a  particula r 
representationa l  worl d mus t  als o b e know n an d no t 
assumed .  Fo r  example ,  i n on e classroom ,  w e 
observe d a  studen t  usin g bas e te n block s t o 
suppor t  subtractin g wit h regrouping .  Th e studen t 
had mad e th e "trade" ,  ha d take n awa y th e 

subtrahen d whic h wa s i n he r  han d -  sh e the n 
pause d clearl y puzzled .  Sh e ha d on e se t  o f  block s 
i n he r  han d (subtrahend )  an d tw o set s o f  block s o n 



her  des k (differenc e an d "bank "  fro m trading) . 
Whic h se t  wa s th e answe r  set ? (Leinhardt ,  1987) . 
I n explanation s give n b y studen t  teachers ,  the y 
ofte n assum e tha t  th e "concrete "  worl d i s definitel y 
easier ,  s o eas y tha t  i t  i s  sel f  eviden t  an d ca n b e 
assume d (Leinhardt .  1988a :  Leinhardt .  1989) . 

Completin g th e verba l  explanation s woul d 

appea r  t o b e a  sel f  eviden t  goal .  However ,  studen t 
teacher s frequentl y fai l  t o complet e a n explanatio n 
becaus e the y ge t  los t  i n th e representatio n an d 
"solve "  th e proble m i n th e microworl d bu t  no t  th e 
symboli c worl d (Leinhardt ,  1988a) .  Likewise . 
student s i n histor y als o fai l  t o complet e a n 
explanatio n b y no t  connectin g th e evidenc e bac k 
t o th e initia l  proble m (Leinhardt .  1993) .  I n part ,  thi s 
i s because ,  fo r  bot h teacher s an d students ,  rule s 
fo r  completio n ar e les s tha n clear . 

I n bot h mathematic s an d history ,  principle s o f 
th e disciplin e ar e th e mechanis m o f  disciplinar y 
explanations .  I n instructiona l  explanations ,  thes e 
ar e txjt h occasion s fo r  explanation s (se e Tabl e 1 ) 
and goal s i n th e pla n o f  a n explanation .  Principle s 
i n a n explanatio n hel p t o justif y wh y somethin g i s 
so - -  o r  hel p t o identif y th e rul e governin g a  claim . 
I n history ,  themati c shift s suc h a s change s i n th e 
contro l  o f  capita l  o r  th e locatio n o f  powe r  ar e 
explanator y principles ,  s a ar e th e definition s o f 

terms .  I n mathematics ,  principle s enabl e legitimat e 
moves t o b e identified .  I n bot h cases ,  principle s 
connec t  representation s an d verba l  description s 
of  ho w a  proble m i s bein g analyze d an d explained . 

Examples 

To investigate the nature and form of instructional 
explanation s w e hav e bee n buildin g a  dat a bas e o f 
instructiona l  episode s acros s a  wid e rang e o f 
grades ,  secon d grad e throug h college ,  an d a  wid e 
rang e o f  subject s - -  mathematics ,  history . 
geography ,  writing ,  an d psychology .  Th e dat a 
consis t  o f  videotape s o f  consecutiv e lesson s fro m 
tw o week s t o a n entir e year .  I n addition ,  studen t 
wor k an d semi-structure d interview s hav e bee n 
collected .  Fro m 198 8 t o 1990 ,  w e obsen/e d ever y 
clas s i n th e firs t  semeste r  i n on e Advance d 
Placemen t  U.S .  histor y classroo m an d audi o o r 
vide o tape d al l  o f  th e classes .  Al l  o f  th e lesson s 
wer e transcribed ,  an d th e transcription s ar e treate d 
as protocols .  Durin g th e fal l  o f  1988 ,  te n 
consecutiv e mat h lesson s taugh t  b y Lamper t  wer e 
likewis e tape d an d transcribed .  Thes e tw o dat a 
base s wer e analyze d fo r  example s o f  instructiona l 
dialogue s tha t  produc e a n explanation .  Th e 
explanation s ar e i n th e for m o f  grou p dialogues . 
The firs t  exampl e deal s wit h a  them e i n th e histor y 
course ,  libert y an d power .  Th e secon d i s a 
studen t  i n th e cours e wh o ha d learne d t o explain . 
The thir d exampl e i s a n explanatio n t o justif y th e 

answer  whe n a  particula r  functio n ha d a  fractiona l 
inpu t  value . 

The firs t  exampl e come s fro m a  clas s taugh t  b y 
an exper t  teacher ,  Sterling .  Sh e ofte n le d 
discussion s tha t  merge d severa l  occasion s 
together ,  suc h a s theme s an d structures .  Sterlin g 
le d a  discussio n fo r  severa l  day s abou t  th e 
Constitution .  A s background ,  th e U.S . 
Constitutio n wa s writte n i n 188 7 b y 5 5 me n wh o 
met  ove r  th e lon g summer  i n Philadelphia .  I t  wa s 
writte n becaus e o f  th e shortcoming s o f  th e interi m 
government .  Article s o f  Confederation ,  founde d a t 
th e beginnin g o f  th e Revolution .  Ther e exis t  man y 
version s an d interpretation s o f  th e motivations , 
backgroun d conditions ,  an d value s tha t  shape d 
thi s critica l  historica l  period .  (Fo r  excellen t  moder n 
discussions ,  se e Bailyn ,  1990 ;  Morgan ,  1956 ; 
Wood,  1992. )  Sterling' s discussio n too k fou r  clas s 
periods ;  th e exampl e come s fro m th e third . 

The explanatio n deal t  wit h th e questio n o f  th e 
balanc e o f  libert y an d powe r  i n th e Constitution . 
The deepe r  questio n was ,  "Wh y i s th e 
Constitutio n a s i t  is ,  an d ho w di d i t  becom e so? " 
The them e o f  libert y an d powe r  wa s on e tha t  ha d 
floate d i n an d ou t  o f  th e cours e throughou t  th e 
year .  Sterlin g starte d thi s par t  o f  th e explanatio n 
wit h th e embedde d questio n o f  wha t  wer e th e 
weaknesse s (powe r  weaknesses )  i n th e Article s o f 
Confederatio n tha t  lea d t o th e Constitutiona l 
Convention ,  o r  restated ,  wha t  wa s th e imbalanc e i n 
power ? Th e answe r  tha t  sh e constructe d wit h hel p 
fro m th e student s wa s tha t  th e Article s gav e 
sovereignt y t o th e states ,  thu s dividin g power ; 
ther e wa s n o overarchin g judicia l  structure ,  leavin g 
a powe r  vacuum ;  an d ther e wa s n o centralize d 
power  o f  taxation ,  producin g economi c 
powerlessness .  Thi s answe r  se t  u p th e 
expectatio n tha t  th e 'new '  governmen t  woul d 
repai r  these .  Th e secon d embedde d quer y was , 
"On wha t  di d th e delegate s agree? "  Th e answe r 
was popula r  sovereignt y ( a shif t  i n power )  an d a 
stronge r  nationa l  government ,  on e tha t 
presumabl y coul d ta x an d ha d a  judiciar y ( a ne w 
power) .  O n th e wa y ther e wa s a  definitio n o f  libert y 
and powe r  an d a  flaggin g o f  thi s relationshi p a s a 
them e fo r  th e course . 

The framin g question s wer e model s o f  th e 
kind s o f  historica l  heuristic s student s wer e learnin g 
t o use .  Th e centra l  questio n poste d o n da y tw o 
was "D o yo u thin k th e Foundin g Father s mad e a 
goo d adjustmen t  betwee n libert y an d powe r  i n th e 
Constitutio n o r  d o yo u thin k tha t  the y wer e to o 
fearfu l  tha t  th e majorit y o f  th e peopl e migh t  loos e 
thei r  liberty? "  (themati c query) .  Thi s questio n 
starte d th e segmen t  o n da y tw o an d ende d i t  o n 
day three .  Th e questio n i s fundamentall y on e tha t 
require s a n explanatio n abou t  th e structur e o f  th e 
Constitution ,  an d abou t  th e event s o f  it s  writing . 
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Th e explanatio n w a s buil t  aroun d a  circl e o f  eigh t 
subquestion s tha t  le d bac k t o legitimiz e th e initia l 
question .  Sub-question s pose d b y th e teache r  t o 
hel p construc t  th e explanatio n o f  th e questio n 
included :  " W a s i t  necessar y t o g o t o Philadelphi a i n 
th e s u m m e r  o f  198 7 t o writ e a  n e w constitution? " 
(metasyste m analysis) .  "Wha t  wer e thes e thre e 
weaknesse s i n th e Article s tha t  nee d t o b e 
changed? "  (structure) .  "Wha t  wer e s o m e o f  th e 
area s o f  agreemen t  o f  th e delegates? "  (structure) . 
"What  kin d o f  governmen t  d o w e want? " 
(structure) .  "Wher e i n thi s documen t  tha t  w e ar e 
writin g i n Philadelphi a doe s i t  sa y tha t  th e powe r  i n 
thi s countr y i s wit h th e people? "  (identification) . 
"Ca n yo u clarif y thos e concept s [libert y an d 
power]? "  (theme) .  "I n th e perio d o f  th e revolutio n 
fro m let' s  sa y 1781-8 3 wha t  instrumen t  o f 
governmen t  ha s th e power? "  (identificatio n i n 
structure) .  "Now ,  wha t  doe s Madiso n sa y abou t 
th e purpos e her e o f  goin g t o Philadelphi a an d 
writin g thi s Constitution? "  (theme) .  A  se t  o f  nin e 
question s a t  variou s level s o f  specificit y frame d th e 
dialogu e tha t  answere d th e initia l  question .  The y 
continue d o n t o discus s th e variou s historian s 
interpretation s (metasystems )  o f  th e writin g o f  th e 
Constitution . 

T h e explanatio n tha t  th e clas s constructe d 
centere d o n rediscoverin g th e legitimac y o f  an d 
explainin g th e origina l  question ,  no t  o n answerin g 

it .  T h e rediscover y reste d i n th e structura l 
discussio n o f  th e Constitution .  I t  als o include d 
reference s t o event s an d mos t  strongl y t o theme s 
as th e questio n w a s itsel f  a  themati c one .  Smal l 
ikat-lik e explanation s o f  th e metasystem s o f  histor y 
wer e als o given .  W h e n on e studen t  w a s unabl e t o 
understan d th e secon d questio n (Wha t  wer e thre e 
weaknesses) ,  Sterlin g ha d tw o othe r  student s 
exten d th e firs t  student' s answe r  s o tha t  th e 
questio n coul d b e answered .  Th e goa l  o f  knowin g 
what  th e proble m w a s tha t  w a s bein g explaine d 
w as reache d throug h a  definit e direc t  statemen t 
an d a  restatemen t  o f  th e question .  I t  w a s 
supporte d b y sub-questions .  T h e answer s t o 
thos e sub-question s le d int o th e issu e o f  powe r 
an d liberty . 

Figur e 1  show s a  ne t  o f  th e centra l  concept s 
tha t  e m e r g e d a s th e clas s develope d th e 
explanation .  Bol d line s s h o w studen t  ideas .  T o 
chec k tha t  th e clas s ha d i n plac e th e necessar y 
prerequisit e understandin g o f  th e situatio n tha t  le d 
t o th e writin g o f  th e Constitution ,  Sterlin g ha d th e 
student s revie w th e weaknesse s s h o w n o n th e 

Constitutio n goo d adjustmen t  ? New Constitutio n necessar y 

Governmen t  no t  goin g t o las t 

What  ar e 3  weaknesse s Area s o f  agreemen t 

republi c no taxe s 
interstat e 

commerc e 
no court s 

legislatur e 

Preambl e 

sovereignt y o f  state^ ^ 

stron g nationa ^ 

opular sovereignty 

separatio n o f  p o w e r ^ 

^ ^ ^  th e peopl e libert y an d p o ^ e ^ 

governmen t  no t  dire^ ^  ^absenc e o f  compulsio n 

^opportunit y t o expa n authorit y 

if  wit h peopl e 

anarch y balanc e 

balanc e o f  powe r 

means t o d o somethirig ^ 

was wit h s t a t ^ T ^  <^i f  wit h governmen l 

^rnonarch (sic) "^ 

Figur e 1 .  Collaborativ e Histor y Explanatio n 
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left .  Thes e wer e th e tailure s o f  extan t  powe r 
relationships .  O n th e righ t  han d side ,  th e thre e 
area s o f  agreemen t  includ e republica n for m o f 
government ,  th e locatio n o f  power ,  an d th e nee d 
fo r  a  stronge r  centra l  government .  Th e las t  tw o 
construct s ar e i n tensio n wit h eac h othe r  becaus e 
a stron g nationa l  governmen t  implie d les s powe r 
residin g wit h th e people .  However ,  th e 
governmen t  existe d onl y t o serv e th e peopl e an d 
tha t  w a s clea r  fro m th e preambl e i n th e 
Constitution . 

Student s identifie d th e chang e fro m th e 
Articles ,  i n whic h th e powe r  wa s no t  wit h th e 
peopl e bu t  wit h th e States ,  t o th e Constitution . 
Bot h th e assignmen t  o f  power ,  an d it s limitatio n b y 
separatio n o f  power s an d check s an d balances , 
complete d th e firs t  par t  o f  th e explanation . 
Sterlin g requeste d an d go t  a  clarificatio n o f  th e 
"concepts "  o f  libert y an d power .  A  studen t  replie d 
by offerin g a  doubl e layere d definitio n fo r  bot h 
concepts :  freedo m i s no t  jus t  th e absenc e o f 
compulsio n bu t  th e opportunit y t o expand ;  no t  jus t 
authority ,  bu t  th e mean s t o d o something .  Sterlin g 
pushe d toward s th e issu e o f  powe r  an d th e 
student s walke d throug h a  secon d historica l 
tensio n - -  i f  powe r  wa s wit h th e people ,  ther e wa s 
th e fea r  o f  anarchy ;  i f  wit h th e government ,  th e fea r 
of  a  retur n t o monarchy .  Sterlin g le d them ,  then ,  t o 
a rephrasin g o f  Madison' s charg e tha t  th e jo b wa s 
t o develo p a  balance. "  Th e verba l  par t  o f  th e 
explanatio n o f  th e questio n wa s complete .  Wha t 
w as accomplishe d i n th e explanatio n wa s a 
nrrodeiin g o f  questio n for m an d th e summonin g o f 
evidenc e t o begi n a n explanation . 

I n thi s segment ,  th e metastructura l  too l  o f 
analysi s wa s used ,  specificall y analyzin g th e 
economi c an d politica l  issue s i n th e writin g o f  a n 
event .  Th e failur e i n th e Article s t o provid e a  solid , 
unifie d ta x polic y (alon g wit h currency ,  bankin g an d 
othe r  economi c issues) ,  couple d wit h th e locatio n 
of  sovereignt y i n th e states ,  wer e majo r 
weaknesses .  Th e discussio n o f  agreemen t 
among th e delegate s wa s a  prelud e t o a n entir e 
themati c uni t  o n compromise ,  politica l  compromis e 
and it s successe s i n th e cas e o f  th e Constitutio n 
and it s failur e i n th e cas e o f  th e Civi l  War . 

I n th e earl y par t  o f  th e explanation ,  whe n 
Sterlin g w a s tryin g t o suppor t  th e students ' 
attempts ,  sh e use d a  switc h i n voic e fro m thir d t o 
firs t  perso n (fro m "Wha t  wer e thes e thre e 
weaknesses? "  t o "We' d bette r  d o somethin g 
abou t  thi s document .  An d i n fac t  w e me t  a t  ..." ) 
Thi s devic e helpe d t o repositio n th e student s i n 
bot h th e questio n spac e (Wh y coul d w£ .  hav e 

wante d t o chang e th e document )  an d th e answe r 
spac e (I t  wil l  flo w ou t  o f  know n problem s w e hav e 
bee n talkin g about) .  Thi s latte r  hin t  ma y wel l  hav e 
connecte d th e studen t  t o informa l  informatio n 

alread y existin g bu t  i n a n iner t  way .  Late r  o n i n th e 
explanation ,  sh e rephrase d again ,  afte r  sh e ha d 
aske d fo r  area s o f  agreement :  "Everybod y [thir d 
perso n probably] ,  al l  fifty-fiv e o f  u s [firs t  person ] 
who ar e i n th e sessio n i n Philadelphi a ar e goin g t o 
say .  "Yes ,  Pete ,  that' s a  grea t  idea .  That' s wha t  w e 
want  i n government.' "  Thi s wa s a n analogica l 
devic e o f  sorts .  I t  flag s th e part s o f  th e pas t  tha t  ar e 
accessibl e fro m persona l  knowledge .  Th e dange r 
was tha t  i t  coul d b e misapplied .  Student s coul d 
hav e gotte n los t  i n th e analogica l  spac e (i s  i t  u s 
now,  o r  u s then? )  an d misma p a s wel l  (Gentner , 

1983 :  Gic k &  Holyoak ,  1980 ,  1983 ;  Holland , 
Holyoak .  Nisbett ,  &  Thagard ,  1986) . 

A secon d devic e tha t  wa s use d i n th e 
explanation ,  servin g a s a  warnin g tha t  sh e wa s 
goin g t o mak e a n asid e o r  mov e on .  wa s 
summarizing .  Sterlin g summarize d severa l  times : 
"Thi s i s wha t  i s wrong; "  "thes e wer e area s o f 
agreement. "  Thi s w a s bot h a  reasonabl e 
pedagogica l  mov e an d a  reasonabl e discipline -
base d move .  I n essence ,  th e teache r  wa s 
reiteratin g wha t  ha d bee n accomplishe d ove r  th e 
cours e o f  th e discussio n t o fla g a  mov e t o a  ne w 
ide a o r  a n elaboration .  Afte r  th e discussio n o n 
power  an d liberty ,  sh e returne d t o th e initia l 
subquestio n o f  area s o f  agreemen t  fo r  a  poin t 
abou t  separatio n o f  powers .  Tw o explanation s 
were ,  thus ,  lef t  'unfinished; '  th e area s o f 
agreemen t  neede d t o continu e wit h area s o f 
disagreemen t  an d th e for m an d conten t  o f  th e fina l 
document . 

I n history ,  then ,  on e fundamenta l  par t  o f 
answerin g an y questio n i s t o rediscove r  i t  an d 
reformulat e it s meaning .  I n thi s particula r 
explanatio n develope d b y bot h th e teache r  an d 
student ,  th e proble m wa s state d an d restated ,  th e 
explanatio n w a s complete .  Th e onl y 
representatio n use d wa s on e tha t  shifte d voice . 
Therefore ,  i t  wa s no t  necessar y t o se e ho w th e 
targe t  an d bas e fi t  wit h on e another ;  however , 
many explanation s i n histor y d o mak e us e o f  ver y 
explici t  analogies ,  an d failur e t o us e the m properl y 
ofte n lea d t o a  failur e o f  th e explanation .  Finally , 
th e principl e use d i n developin g th e explanatio n 
was th e sectio n i n whic h th e definition s o f  libert y 
and powe r  wer e mad e an d connecte d t o th e 
Article s an d th e Constitution . 

The secon d exampl e i s fro m a  student ,  Paul , 
who wa s learnin g ho w t o buil d an d expres s a n 
explanation .  H e mad e tremendou s progres s fro m 
th e beginnin g o f  th e yea r  whe n hi s bac k 
reference s wer e alway s t o "teache r  said. "  an d hi s 
averag e utteranc e wa s onl y a  coupl e o f  line s lon g 
(Leinhardt ,  1993) .  I n thi s explanation ,  h e wa s 
tryin g t o sho w ho w th e perio d afte r  th e Civi l  War 
coul d b e considere d a  constructiv e on e i n spit e 
ofth e man y negativ e features .  H e wa s i n a n 

12 



W as Reconstructio n constructiv e 
YES 

ntegratio n o f  Black s begu n tel l  shor t  o f  goal s 

Graf t  result s 
Freedmen' s 

Burea u 
13.  14 .  15t h votin g 

Conside r  situatio n a t  tim e Amendments 

fre e education] ^ 
Faction s Need strengt h 

(excep t  wome n 
Black s i n Sout h i n 1920 ) 

Confederate s Moderate s 

^ ^  Radical s ^ J ^ Not  to o hars h 
wit h Sout h Souther n Conservativ e 

(Johnson ) 

^ ^ e e d t o integrate ^ 

Figur e 2 .  Studen t  Histor y explanatio n 

extende d dialogu e wit h othe r  students .  Figur e 2 
display s th e m a p o f  hi s explanation . 

Th e underlyin g quer y whic h produce d thi s 
explanatio n deal t  wit h th e politica l  consequence s 
of  Reconstructio n an d perception s o f  thos e 
condition s afte r  th e Civi l  War .  ("W e ar e goin g t o 
questio n whethe r  th e perio d w a s a  constructiv e 
one ,  whethe r  i t  w a s a  destructiv e one." )  Th e clas s 
w as havin g a n ope n discussio n o n Reconstructio n 
an d Pau l  explaine d w h y Reconstructio n w a s bot h 
constructiv e an d necessary .  H e starte d i n th e earl y 

par t  o f  th e clas s wit h a  brie f  bu t  fairl y  complet e 
discussio n o f  th e integratio n o f  Blac k American s 
int o society .  H e use d a  structura l  explanatio n a s 
oppose d t o event s (thi s happened ,  the n this )  o r 
themati c (shif t  i n economi c powe r  base) .  A s th e 
net  o f  concept s show s i n Figur e 2 ,  h e touche d o n 
th e economi c (Freedman' s Bureau) ,  socia l  (fre e 
education) ,  an d politica l  (votin g amendmen ts ) 
aspect s o f  th e redefinitio n o f  Souther n Blacks '  rol e 
i n America n society .  Thi s w a s a n integratio n o f 
historica l  principle s o f  analysis .  H e conclude d th e 
firs t  par t  b y assertin g tha t  Reconstructio n w a s 
constructive ,  i n a  sens e a  summar y an d a  clea r 
identificatio n o f  th e problem .  I n th e secon d par t  o f 
hi s explanation ,  h e backe d u p an d considere d th e 
entir e situatio n followin g th e Civi l  War .  H e focuse d 
o n politica l  disintegration ,  an d offere d th e 
presenc e o f  faction s a s evidenc e o f  disintegration . 
Th e politica l  group s i n th e countr y wer e portraye d 
as respondin g t o thes e social/politica l  problems . 
Paul  state d tha t  th e radica l  positio n w a s necessar y 
give n th e time s an d w a s positiv e i n spit e o f  th e 
graf t  an d failings .  H e referre d bac k t o hi s initia l 
statemen t  an d conclude d tha t  i t  w a s a  constructiv e 
period ,  thu s completin g hi s explanation . 

Paul  ha d a  stron g c o m m a n d o f  facts ,  whic h h e 
use d a s hi s evidence .  Ther e w a s n o particula r 
appea l  t o authorit y othe r  tha n thes e facts .  (H e 
migh t  hav e referre d t o specifi c  author s an d thei r 

positions ,  suc h a s Hofstadte r  o r  Beard ,  somethin g 
ofte n don e i n th e class. )  H e m a d e a n interestin g 
interconnectio n wit h anothe r  studen t  --"A s Ev a 
said "  -  an d the n adde d t o he r  statement .  Late r  h e 
said ,  "Lik e Arnol d said. "  Hi s us e o f  voic e "we "  w a s 
inclusiv e o f  th e othe r  speaker s an d par t  o f  th e for m 

of  discours e a s in ,  'w e find. '  I n form ,  thi s i s a n 
instructiona l  explanatio n becaus e i n it s spoken , 
loosely ,  redundantl y constructe d form ,  i t  w a s 
designe d t o infor m th e res t  o f  th e class .  However , 
wit h tightenin g an d mor e precis e us e o f  fact s an d 
languag e i t  woul d m o v e mor e closel y int o th e 
spac e o f  a  disciplinar y explanation .  Paul' s us e o f 
languag e w a s occasionall y awkward ,  especiall y 
w h en h e m a d e connection s betwee n idea s (i n 
additio n t o this ,  now ,  tha t  i s w h y I  woul d sa y that ) 
tha t  tende d t o mas k th e clarit y o f  hi s explanation . 

Whil e hig h schoo l  histor y classe s hav e a 
differen t  characte r  an d objectiv e tha n fift h grad e 
mathematic s classes ,  bot h us e explanation s tha t 
ar e designe d t o teac h an d m o v e student s toward s 
th e understandin g o f  a  disciplin e (Lamperl ,  1990) . 
The y accomplis h thi s m o v e toward s understandin g 
by invokin g instantiation s o f  principles ,  th e us e o f 
representations ,  an d th e clea r  demarcatio n o f 
problems .  Th e thir d exampl e c o m e s fro m a  smal l 
sectio n o f  on e 5t h grad e clas s taugh t  b y 
fvlagdelen e Lamper t  durin g 1988 .  Thi s clas s w a s 
th e firs t  i n a  serie s o f  te n classe s durin g whic h th e 
mai n focu s w a s o n function s an d graphs .  Al l  te n 
classe s wer e vide o tape d an d transcribed .  I n 
addition ,  pre -  an d post-interview s wer e conducte d 
wit h Lamper t  an d observationa l  log s wer e kept .  I n 
th e firs t  clas s th e focu s w a s o n th e knowledg e 
student s ha d o f  grid s an d graphs .  Lamper t 
planne d t o m o v e int o tha t  discussio n fro m a  quic k 
discussio n o f  mappin g rules .  Th e firs t  "problem " 
w as t o fin d th e functio n rule ,  us e it ,  bu t  no t  stat e it . 
Afte r  workin g throug h 1 4 ordere d pair s o n tw o 
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Figur e Ou t  th e Rul e (Function ,  y=3 x +  1 

14 Example s Worke d Throug h 

I  an d 

o e ^ 

answer  s 
1 3/ 4 

why/ because 

Inpu t  i s  1/ 4 ? 
becaus e 

answer 

1/ 4 X  3 4/ 4 +  3/ 4 =  7/ 4 one wh o e 

^ 

why /  becaus e 
X 3  =  3/ 4 

7/ 4 -  1  3/ 4 

^ 

one fourt h i s on e piec e 
time s 3  i s 3  plu s 1  mor e piec e 
i s 4  o r  4/ 4 whic h i s on e whol e 

becaus e 

o e 

Figur e 3 .  Collaborativ e Mathematic s explanatio n 

chart s usin g whol e number s wit h th e s a m e rul e ( y 
= 3  X  +  1) ,  Lamper t  gav e 1/ 4 a s th e inpu t  number . 
A discussio n abou t  fractions ,  the n referent s an d 
operation s ensued .  Figur e 3  d iagram s th e 
resultin g instructiona l  explanation .  Studen t 
contribution s ar e i n bol d circles . 

A studen t  answere d tha t  i f  th e inpu t  w a s 1/ 4 th e 
outpu t  w a s 1  an d 3/4 .  Lamper t  aske d w h y an d th e 
studen t  responded ,  "Becaus e 1/ 4 time s 3  i s 3/4 , 
an d the n ad d one. "  Thi s w a s th e "correct "  answer . 
It  di d no t  nee d a n explanatio n becaus e o f  a n error . 
Lamper t  agai n aske d w h y ("Wh o ca n explai n w h y 
on e fourt h time s thre e i s thre e fourths?") ,  bu t  thi s 
tim e i n referenc e t o w h y 3  time s 1/ 4 i s 3/4 . 

Anothe r  studen t  gav e a n ambiguou s answer :  i f 
yo u ha d on e piec e o f  pi e an d s o m e o n e brough t 
tw o m o r e yo u woul d hav e thre e piece s "tha t  c o m e 
out  o f  fou r  piece s o f  pie. "  (Thi s appeare d t o b e 
additiv e rathe r  tha n multiplicative. )  Afte r  a 
discussio n o f  equa l  sizes ,  a  thir d studen t 
challenge d th e firs t  answe r  o f  1  an d 3/ 4 an d 
claime d tha t  on e whol e woul d als o b e correct .  Thi s 
thir d student' s reasonin g w a s tha t  on e fourt h i s 
on e piec e o f  pie ,  time s three ,  tha t  woul d b e thre e 
pieces ,  an d the n yo u shoul d ad d on e mor e piece , 
whic h woul d m a k e a  whole .  Th e las t  tw o answer s 
w e r e bot h unclear ,  bu t  th e secon d o n e w a s 
explaine d i n enoug h detai l  b y th e studen t  s o tha t 
th e confusio n coul d b e detecte d an d discussed . 
T h e "mistake "  w a s shiftin g th e uni t  o f  whol e pi e t o 
o n e piec e o f  pi e durin g calculation ,  bu t  the n 

reclaimin g i t  i n th e answe r  o f  fou r  fourths .  T h e 
chil d dre w a  pictur e o f  a  whol e pi e divide d int o 
fourth s an d pointe d a t  on e segment ,  showin g on e 
piec e o f  a  pie .  Thi s drawin g introduce d a 
representatio n o f  th e proble m fo r  th e class . 
Lamper t  pu t  x' s  i n thre e o f  th e student' s fou r  pi e 
piece s an d aske d fo r  a  labe l  (uppe r  righ t  o f  figure) . 
Th e studen t  chos e thre e fourth s a s oppose d t o 
thre e piece s o f  pie .  The n Lamper t  said ,  "Plu s on e 
whole, "  whil e th e studen t  simultaneousl y said , 
"Fou r  fourths. "  T h e studen t  adde d th e pictoria l 
piece s an d go t  seve n fourths ,  bu t  th e pictur e w a s 
als o o f  on e whol e an d thre e fourths ,  whic h forme d 
th e lin k t o th e firs t  answe r  whic h ende d th e 
particula r  par t  o f  th e explanation ,  bot h verball y an d 
pictorially . 

T h e explanatio n continue d wit h w h y 3/ 4 plu s 
4/ 4 i s o r  i s no t  7/4 .  T h e jointl y constructe d 
explanatio n go t  t o th e hear t  o f  th e slippin g uni t 
problem .  Tha t  i s on e m o r e what ? O n e mor e 
piece/fourt h o r  on e mor e whole ,  fou r  fourths .  Th e 
explanatio n close d w h e n al l  o f  th e representation s 
wer e show n t o b e consisten t  wit h eac h other .  T h e 
initiatin g conditio n fo r  thi s mini-explanatio n w a s a 
tas k i n justifyin g a  calculation ,  an d th e explanatio n 
continue d wit h statement s o f  procedure s tha t 
wer e share d b y al l  o f  th e students .  W h e n a  par t 
w as reache d tha t  w a s no t  share d a  secon d 
explanatio n w a s offered .  T h e explanatio n m a d e 
us e o f  a  representatio n offere d b y a  student ,  i n 
thi s case ,  a  pie .  Finally ,  th e origina l  answe r  an d th e 
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pi e answer s wer e reconcile d an d th e tw o symboli c 
form s wer e show n t o b e equivalen t  throug h th e 
representation .  Th e principl e involve d wa s tha t 
th e tw o system s wer e show n t o support ,  no t 
contradic t  eac h other . 

Thes e mathematic s student s wer e muc h 
younge r  an d thei r  languag e wa s no t  nearl y a s 
sophisticate d a s tha t  o f  Paul ,  bu t  th e explanatio n 
of  entitie s an d operation s (fractions ,  multiplication . 
and addition )  wa s complete .  The y mad e greate r 
use o f  devices ,  suc h a s representatio n o f  th e pie , 
(les s i n evidenc e i n th e historica l  explanation) ,  wit h 
smoothness .  The y als o showe d som e facilit y  wit h 
bot h additiv e an d causa l  connection s tha t 
identifie d principle s bein g use d i n thei r 
explanations .  "Becaus e on e fourt h time s thre e i s 

thre e fourth s an d the n yo u jus t  add ,  ad d a  one. " 

Later ,  "Caus e thre e fourth s plu s fou r  fourth s 

equal s seve n fourths. "  A  goo d dea l  o f  th e causa l 
par t  o f  th e explanatio n wa s i n fac t  carrie d b y th e 
drawin g an d correc t  markin g o f  th e pictoria l 
representation s i n additio n t o th e language . 
Becaus e Lamper l  wa s a  par t  o f  th e dialogu e ther e 
was considerabl e suppor t  (i n th e sens e o f 
scaffolding )  fo r  bot h identifyin g appropriat e 
reason s an d to r  usin g causa l  languag e t o expres s 
them . 

The mathematica l  explanatio n wa s instructiona l 
i n severa l  ways .  A t  th e mos t  globa l  leve l  i t  wa s a 
layere d discussio n o n a  singl e functio n rul e (y=3 x 
+1)  wher e th e repeate d us e o f  th e rul e wa s 
demonstrate d b y mappin g "inputs "  t o "outputs. " 
Thi s globa l  explanatio n wa s i n th e hand s o f  th e 
teache r  i n muc h th e sam e wa y tha t  th e choic e o f 
questio n fo r  th e Constitutio n wa s i n th e hand s o f 
Sterling .  A t  a  mor e focusse d level ,  par t  o f  th e 
explanatio n deal t  wit h a  specifi c  applicatio n o f  th e 
functio n rul e whic h involve d dealin g wit h a 
fractiona l  input .  A s Lamper t  sai d i n he r  note s fo r 
th e day ,  "... I  ha d a  bi g digressio n o n fraction s - » I 
decide d (of f  th e track? )  t o thro w i n 'IM '  a s a n inpu t 
number ,  an d w e neede d t o d o som e wor k o n th e 
meaning  o f  1  3/ 4 als o 7/ 4 -»... "  Th e multiplicatio n 
of  fraction s an d equivalenc e o f  imprope r  an d 
mixe d number s ma y hav e bee n "of f  th e track "  bu t 
th e explanatio n o f  th e procedur e an d it s 
justificatio n wa s not .  Ther e wa s a  crispnes s t o th e 
students '  publi c explanation ;  the y wer e explainin g 
th e righ t  thin g an d involve d th e principl e o f  proof . 

Conclusion 

The discussion of explanations started with 
distinguishin g betwee n differen t  kind s o f 
explanations :  common ,  self ,  disciplinary ,  an d 
instructional .  I t  wa s suggeste d tha t  instructiona l 
explanation s hav e a  uniqu e aspec t  becaus e o f 
bot h styl e o r  for m an d wha t  get s explained .  I t  wa s 

als o suggeste d tha t  instructiona l  explanation s 
shar e propertie s o f  disciplinar y an d sel f 
explanations .  Student s lear n fro m explanation s 
bot h th e conten t  o f  th e explanation ,  tha t  is .  wha t 
sort s o f  thing s nee d t o b e justified ,  an d th e 
manner  i n whic h thing s ar e explaine d i n term s o f 
orderin g an d languag e an d structure .  Th e 
presente d explanation s occurre d i n respons e t o 
querie s abou t  themes ,  operations ,  an d entities . 
The mathematica l  explanatio n use d severa l 
representations :  pie s an d diagrams .  Th e 
representatio n helpe d t o captur e th e propertie s o f 
th e entitie s bein g discusse d (equa l  fractions ) 
rathe r  tha n th e operation s o n thos e entitie s 
(cuttin g th e pie) ;  th e operation s o n th e 
representatio n wer e demonstrate d wit h somewha t 
les s tha n a n isomorphi c fi t  (choosin g a  pie ,  slicin g 
th e pie ,  demarkin g withou t  x' s  al l  o f  th e pieces , 
demarkin g wit h x' s a  subse t  o r  al l  o f  th e pieces , 
countin g th e pieces ,  usin g th e tota l  coun t  o f 
demarke d -wit h x -  an d relatin g the m t o th e 
demarke d withou t  x  i s comparabl e bu t  no t  identica l 
t o addin g numerator s an d retainin g denominators) . 
The historica l  explanation s use d th e les s forma l 
representatio n o f  voic e position .  I n man y othe r 
classe s ther e wa s a  mor e complet e us e o f  analog y 
(McCarth y &  Leinhardt ,  1993) .  Al l  o f  th e 
explanation s identifie d principle s (equivalence , 
definition s o f  themes ,  analyse s o f  conditions )  a s a 
par t  o f  th e discussion ,  an d al l  thre e complete d th e 
verba l  explanation . 

Explanation s ar e a  cor e o f  al l  teaching ,  didacti c 
or  dialogu e based .  Knowin g wha t  th e aspect s o f 
goo d explanation s are ,  ho w thes e aspect s ar e 
learned ,  an d ho w t o improv e o n the m i s importan t 
fo r  th e educatio n o f  teacher s an d fo r  th e genera l 
improvemen t  o f  education .  I n th e examples ,  th e 
student s wer e show n learnin g ho w t o construc t 
thei r  ow n instructiona l  explanations ,  explanation s 
whic h coul d communicat e t o thei r  fello w student s 
i n th e discipline s o f  mathematic s an d history , 
explanation s whic h buil t  u p fro m a  share d know n 
languag e bas e an d wer e no t  personall y 
idiosyncrati c i n way s tha t  destroye d meaning . 
Thes e explanation s wer e reflection s o f  th e 
students '  ow n emergin g power s o f  reasonin g i n 
th e respectiv e disciplines . 
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