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Summary	
  

This	
  study	
  investigates	
  a	
  large	
  collection	
  of	
  teacher-­‐generated	
  end-­‐of-­‐semester	
  final	
  

exams	
  from	
  Chicago	
  Public	
  School	
  high	
  school	
  science	
  classrooms	
  in	
  order	
  to	
  explore	
  the	
  

depth	
  and	
  breadth	
  of	
  content	
  that	
  students	
  learn	
  in	
  science	
  classrooms.	
  Teachers	
  focus	
  on	
  a	
  

specific	
  set	
  of	
  scientific	
  content	
  that	
  is	
  driven	
  by	
  district	
  guidelines	
  and	
  popular	
  textbooks	
  

but	
  not	
  particularly	
  aligned	
  to	
  standards.	
  To	
  most	
  teachers,	
  rigor	
  means	
  coverage	
  instead	
  

of	
  intellectual	
  press.	
  The	
  assessments,	
  while	
  unsophisticated,	
  seem	
  to	
  be	
  delivering	
  what	
  is	
  

expected	
  of	
  them—a	
  way	
  to	
  mimic	
  the	
  most	
  basic	
  format	
  of	
  the	
  ACT	
  exam	
  quickly.	
  There	
  

was	
  little	
  variation	
  among	
  high	
  poverty	
  and	
  low	
  poverty	
  schools,	
  matching	
  national	
  data	
  

and	
  indicating	
  issues	
  that	
  are	
  more	
  due	
  to	
  a	
  particular	
  culture	
  of	
  science	
  teaching	
  and	
  

learning	
  than	
  driven	
  by	
  particular	
  contexts.	
  The	
  study	
  identifies	
  implications	
  for	
  the	
  ob-­‐

served	
  homogeneity	
  of	
  final	
  exam	
  rigor	
  and	
  content,	
  identifies	
  gaps	
  between	
  how	
  the	
  rou-­‐

tine	
  of	
  final	
  exams	
  are	
  design	
  and	
  implemented	
  in	
  schools,	
  and	
  discusses	
  similar	
  methodo-­‐

logical	
  efforts	
  that	
  could	
  enhance	
  the	
  ability	
  of	
  schools	
  and	
  districts	
  to	
  access	
  useful	
  infor-­‐

mation	
  about	
  the	
  technical	
  core	
  of	
  instruction.	
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Chapter	
  1:	
  The	
  Problem	
  

The	
  Problem	
  

In	
  science	
  instruction,	
  breadth	
  and	
  depth	
  of	
  learning	
  both	
  matter.	
  New	
  scientific	
  dis-­‐

coveries	
  are	
  made	
  on	
  a	
  daily	
  basis,	
  so	
  the	
  amount	
  of	
  scientific	
  knowledge	
  is	
  continually	
  in-­‐

creasing.	
  K-­‐12	
  teachers	
  and	
  school	
  leaders	
  know	
  all	
  this	
  new	
  knowledge	
  must	
  be	
  moderat-­‐

ed	
  in	
  the	
  classroom—an	
  introductory	
  biology	
  course	
  cannot	
  focus	
  solely	
  on	
  the	
  latest	
  ge-­‐

netic	
  discoveries,	
  for	
  instance.	
  At	
  the	
  same	
  time,	
  students	
  need	
  to	
  learn	
  both	
  the	
  unique	
  

ways	
  of	
  knowing	
  associated	
  with	
  the	
  scientific	
  endeavor	
  as	
  well	
  as	
  sufficient	
  content	
  to	
  

transcend	
  the	
  often-­‐naïve	
  misconceptions	
  that	
  are	
  developed	
  in	
  their	
  everyday	
  interactions	
  

with	
  the	
  natural	
  world.	
  This	
  means	
  studying	
  particular	
  topics	
  with	
  depth.	
  

The	
  rise	
  of	
  standards-­‐based	
  reform	
  over	
  the	
  last	
  few	
  decades	
  in	
  American	
  education	
  

created	
  a	
  wave	
  of	
  cascading	
  policies	
  and	
  changes—and	
  is	
  poised	
  to	
  do	
  so	
  again	
  with	
  the	
  re-­‐

cent	
  advent	
  of	
  the	
  Next	
  Generation	
  Science	
  Standards	
  (NGSS	
  Lead	
  States,	
  2013b).	
  Yet	
  the	
  

heart	
  of	
  this	
  work—the	
  teaching	
  and	
  learning—remains	
  “loosely	
  coupled”	
  (Weick,	
  1976)	
  

within	
  classrooms,	
  despite	
  all	
  the	
  attention	
  and	
  energy	
  that	
  have	
  focused	
  upon	
  it.	
  Richard	
  

Elmore	
  explains	
  the	
  “bane	
  of	
  ‘loose-­‐coupling’”	
  in	
  Building	
  A	
  New	
  Structure	
  For	
  School	
  Lead-­‐

ership.	
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“…The	
  ‘technical	
  core’	
  of	
  education—detailed	
  decisions	
  about	
  what	
  
should	
  be	
  taught	
  at	
  any	
  given	
  time,	
  how	
  it	
  should	
  be	
  taught,	
  what	
  stu-­‐
dents	
  should	
  be	
  expected	
  to	
  learn	
  at	
  any	
  given	
  time,	
  how	
  they	
  should	
  be	
  
grouped	
  within	
  classrooms	
  for	
  purposes	
  of	
  instruction,	
  what	
  they	
  should	
  
be	
  required	
  to	
  do	
  to	
  demonstrate	
  their	
  knowledge,	
  and,	
  perhaps	
  most	
  
importantly,	
  how	
  their	
  learning	
  should	
  be	
  evaluated—resides	
  in	
  indi-­‐
vidual	
  classrooms,	
  not	
  in	
  the	
  organizations	
  that	
  surround	
  them”	
  
(Elmore,	
  2000,	
  page	
  6).	
  

Tools	
  that	
  enable	
  us	
  as	
  both	
  researchers	
  and	
  practitioners	
  to	
  explore	
  this	
  technical	
  

core	
  at	
  scale	
  have	
  the	
  potential	
  to	
  be	
  quite	
  powerful.	
  To	
  investigate	
  the	
  depth	
  and	
  breadth	
  

of	
  content	
  that	
  students	
  learn	
  in	
  science	
  classrooms,	
  one	
  relevant	
  artifact	
  is	
  the	
  summative	
  

exams	
  that	
  teachers	
  write	
  and	
  students	
  complete	
  at	
  the	
  end	
  of	
  each	
  semester.	
  These	
  “final	
  

exams”	
  are	
  hallmarks	
  of	
  the	
  American	
  high	
  school,	
  and	
  ostensibly	
  address	
  both	
  the	
  depth	
  

and	
  breadth	
  of	
  content	
  contained	
  within	
  a	
  course.	
  And	
  while	
  individual	
  teacher-­‐written	
  ex-­‐

ams	
  likely	
  vary	
  greatly	
  on	
  all	
  sorts	
  of	
  dimensions,	
  analysis	
  of	
  large	
  collections	
  of	
  such	
  ex-­‐

ams	
  can	
  reveal	
  patters	
  than	
  describe	
  the	
  depth	
  and	
  breadth	
  of	
  science	
  learning	
  expected	
  of	
  

Chicago	
  high	
  school	
  students.	
  

In	
  the	
  2003-­‐04	
  and	
  2004-­‐05	
  school	
  years,	
  several	
  hundred	
  final	
  exams	
  from	
  high	
  

school	
  science	
  classrooms	
  were	
  collected	
  as	
  part	
  of	
  a	
  school	
  improvement	
  strategy	
  initiat-­‐

ed	
  by	
  the	
  Chicago	
  Public	
  Schools	
  Chicago	
  Math	
  &	
  Science	
  Initiative.	
  In	
  studying	
  a	
  collection	
  

of	
  these	
  artifacts	
  of	
  individual	
  classroom	
  practice,	
  I	
  have	
  explored	
  an	
  important	
  part	
  of	
  the	
  

technical	
  core	
  of	
  high	
  school	
  science	
  teaching	
  and	
  learning	
  from	
  a	
  unique	
  vantage	
  point.	
  

This	
  data	
  creates	
  a	
  picture	
  of	
  a	
  unique	
  routine	
  within	
  high	
  school	
  science	
  teaching,	
  and	
  has	
  

the	
  potential	
  to	
  help	
  explain	
  what	
  high	
  school	
  science	
  teachers	
  in	
  Chicago	
  value	
  about	
  the	
  

content	
  they	
  teach,	
  how	
  they	
  organize	
  that	
  content,	
  and	
  the	
  sort	
  of	
  demands	
  they	
  expect	
  of	
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their	
  students.	
  This	
  study	
  describes	
  and	
  analyzes	
  that	
  data	
  and	
  paints	
  the	
  resulting	
  picture	
  

of	
  practice.	
  

Why	
  Is	
  This	
  A	
  Significant	
  Problem?	
  

There	
  are	
  several	
  reasons	
  this	
  is	
  a	
  problem	
  worthy	
  of	
  study.	
  Most	
  importantly,	
  the	
  

technical-­‐core	
  issue	
  described	
  above	
  is	
  one	
  that	
  is	
  intractable	
  from	
  the	
  practice	
  of	
  educa-­‐

tional	
  leadership	
  and	
  attempts	
  to	
  improve	
  student	
  learning	
  at	
  scale.	
  Particularly	
  from	
  the	
  

district	
  and	
  state	
  level,	
  obtaining	
  meaningful	
  access	
  to	
  the	
  thinking,	
  decision-­‐making,	
  and	
  

practice	
  of	
  classroom	
  teachers	
  remains	
  difficult	
  to	
  do.	
  Solutions	
  that	
  address	
  this	
  challenge	
  

will	
  certainly	
  help	
  aid	
  understanding	
  and	
  bring	
  clarity	
  to	
  the	
  work	
  of	
  district	
  and	
  state	
  level	
  

policy	
  makers.	
  

At	
  least	
  six	
  other	
  reasons	
  describe	
  why	
  this	
  is	
  a	
  significant	
  problem	
  to	
  tackle.	
  

First,	
  the	
  semester	
  and	
  final	
  exam	
  in	
  high	
  school	
  is	
  part	
  of	
  the	
  culture	
  of	
  American	
  

education,	
  particularly	
  in	
  science.	
  Teaching	
  is	
  a	
  cultural	
  activity,	
  and	
  the	
  decisions	
  teachers	
  

make	
  depend	
  on	
  the	
  school	
  and	
  educational	
  culture	
  in	
  which	
  they	
  operate	
  (Stigler	
  &	
  

Hiebert,	
  1999).	
  High	
  school	
  science	
  has	
  a	
  few	
  touchstones	
  in	
  our	
  society—the	
  frog	
  dissec-­‐

tion,	
  the	
  mad	
  scientist	
  chemistry	
  teacher	
  who	
  “blows	
  things	
  up,”	
  and	
  onerous	
  lab	
  reports,	
  

to	
  name	
  a	
  few	
  examples—and	
  a	
  summative	
  final	
  exam	
  is	
  one	
  of	
  them.	
  While	
  some	
  (Alfie	
  

Kohn,	
  Deborah	
  Meier)	
  have	
  valid	
  concerns	
  about	
  the	
  purpose	
  and	
  usefulness	
  of	
  end-­‐of-­‐

course	
  assessments,	
  in	
  practice,	
  they	
  have	
  been	
  institutionalized	
  for	
  decades.	
  For	
  this	
  rea-­‐

son	
  alone,	
  studying	
  them	
  is	
  important.	
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A	
  second	
  reason	
  is	
  the	
  particular	
  way	
  of	
  knowing	
  in	
  science:	
  the	
  topics	
  that	
  are	
  

taught	
  matter,	
  but	
  the	
  field	
  of	
  science	
  is	
  one	
  defined	
  by	
  knowledge	
  of	
  both	
  process	
  and	
  con-­‐

tent.	
  The	
  standards	
  movement	
  has	
  expended	
  great	
  energy	
  to	
  articulate	
  the	
  body	
  of	
  

knowledge	
  and	
  scientific	
  ways	
  of	
  knowing	
  that	
  are	
  relevant	
  for	
  students	
  and	
  teachers	
  at	
  the	
  

K-­‐12	
  level	
  (Bybee,	
  1997).	
  Important	
  work	
  strives	
  to	
  continually	
  update	
  them	
  (Quinn,	
  

Schweingruber,	
  Keller,	
  &	
  Krone,	
  2010),	
  and	
  the	
  latest	
  A	
  Framework	
  For	
  K-­‐12	
  Science	
  Educa-­‐

tion	
  talks	
  about	
  “3-­‐D	
  science”	
  where	
  practices,	
  cross-­‐cutting	
  concepts,	
  and	
  disciplinary	
  core	
  

ideas	
  are	
  intertwined	
  (National	
  Research	
  Council,	
  2012).	
  The	
  American	
  mathematics	
  and	
  

science	
  curriculum	
  has	
  been	
  derided	
  as	
  “a	
  mile	
  wide	
  and	
  an	
  inch	
  deep”	
  (W.	
  H.	
  Schmidt,	
  

2005).	
  However,	
  to	
  think	
  that	
  just	
  because	
  particular	
  documents	
  describe	
  topics	
  for	
  study	
  

means	
  that	
  they	
  are	
  actually	
  taught	
  is	
  a	
  different	
  matter	
  entirely	
  (for	
  instance,	
  Spillane,	
  

2004).	
  Additional	
  insight	
  about	
  what	
  teachers	
  really	
  teach	
  and	
  how	
  decisions	
  about	
  partic-­‐

ular	
  content	
  are	
  made	
  will	
  help	
  school	
  and	
  district	
  leaders,	
  assessment	
  designers,	
  and	
  cur-­‐

riculum	
  developers	
  better	
  understand	
  what	
  actually	
  happens	
  between	
  teachers	
  and	
  stu-­‐

dents	
  in	
  science	
  classrooms.	
  

A	
  third	
  reason	
  is	
  the	
  more	
  recent	
  groundswell	
  of	
  dialogue	
  about	
  rigor	
  in	
  high	
  school	
  

coursework.	
  Many	
  influential	
  national	
  groups—the	
  Bill	
  &	
  Melinda	
  Gates	
  Foundation,	
  the	
  

American	
  Diploma	
  Project,	
  the	
  American	
  Youth	
  Policy	
  Forum,	
  the	
  College	
  Board,	
  to	
  name	
  a	
  

few—have	
  recently	
  produced	
  reports	
  that	
  decry	
  the	
  current	
  lack	
  of	
  rigor	
  in	
  American	
  high	
  

school	
  classrooms.	
  The	
  Obama	
  Administration	
  has	
  made	
  “higher	
  standards”	
  a	
  focus	
  of	
  its	
  

school	
  reform	
  agenda	
  (Duncan,	
  2010),	
  and	
  “college	
  and	
  career	
  readiness”	
  is	
  now	
  part	
  of	
  the	
  

educational	
  reform	
  lexicon.	
  (See	
  http://www.achieve.org/college-­‐and-­‐career-­‐readiness.)	
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These	
  policy	
  proposals	
  and	
  initiatives	
  have	
  been	
  echoed	
  by	
  similar	
  findings	
  from	
  research-­‐

ers.	
  A	
  study	
  released	
  by	
  the	
  U.	
  S.	
  Department	
  of	
  Education,	
  for	
  example,	
  found	
  that	
  “the	
  ac-­‐

ademic	
  intensity	
  and	
  quality”	
  of	
  a	
  student’s	
  course	
  of	
  study	
  was	
  a	
  far	
  more	
  powerful	
  pre-­‐

dictor	
  of	
  bachelor’s	
  degree	
  attainment	
  than	
  class	
  rank,	
  grade	
  point	
  average,	
  or	
  test	
  scores	
  

(Adelman,	
  1999).	
  The	
  Chicago	
  Consortium	
  on	
  Chicago	
  School	
  Research’s	
  work	
  to	
  develop	
  

the	
  idea	
  of	
  “on	
  track”	
  indicators	
  connects	
  strongly	
  to	
  conceptions	
  about	
  rigor	
  and	
  academic	
  

press	
  for	
  students	
  (E.	
  Allensworth	
  &	
  Easton,	
  2005).	
  

A	
  fourth	
  reason	
  to	
  explore	
  questions	
  about	
  content	
  and	
  rigor	
  in	
  high	
  school	
  science	
  

classrooms	
  is	
  that	
  some	
  science	
  content	
  is	
  controversial.	
  Debates	
  about	
  evolution	
  and	
  crea-­‐

tionism	
  regularly	
  make	
  front-­‐page	
  headlines.	
  Controversies	
  about	
  environmental	
  science	
  

issues	
  (the	
  National	
  Science	
  Teachers	
  Association’s	
  decision	
  not	
  to	
  distribute	
  free	
  copies	
  of	
  

Al	
  Gore’s	
  An	
  Inconvenient	
  Truth	
  DVD	
  for	
  fear	
  of	
  upsetting	
  some	
  constituencies,	
  for	
  instance)	
  

or	
  evolution	
  (Bill	
  Nye’s	
  recent	
  debate	
  at	
  the	
  Creation	
  Museum	
  was	
  front-­‐page	
  news)	
  are	
  

essentially	
  debates	
  about	
  what	
  content	
  students	
  should	
  students	
  learn.	
  And	
  while	
  there	
  is	
  

general	
  consensus	
  among	
  science	
  educators	
  that	
  topics	
  such	
  as	
  inquiry	
  and	
  the	
  nature	
  of	
  

science	
  are	
  important	
  (Dow,	
  2000),	
  there	
  is	
  compelling	
  evidence	
  that	
  teachers	
  do	
  not	
  un-­‐

derstand	
  how	
  this	
  sort	
  of	
  content	
  can	
  or	
  should	
  be	
  included	
  in	
  their	
  coursework	
  

(Banilower,	
  Boyd,	
  Pasley,	
  &	
  Weiss,	
  2006).	
  To	
  date,	
  there	
  is	
  not	
  a	
  clear	
  picture	
  of	
  how	
  sci-­‐

ence	
  teachers	
  select	
  the	
  topics	
  that	
  they	
  are	
  to	
  teach,	
  and	
  how	
  they	
  use	
  the	
  context	
  of	
  dis-­‐

trict	
  and	
  state	
  standards	
  to	
  do	
  so.	
  

A	
  fifth	
  reason	
  to	
  explore	
  these	
  questions	
  is	
  the	
  phenomena	
  articulated	
  by	
  research-­‐

ers	
  such	
  as	
  Tyack	
  and	
  Cuban	
  (Tyack	
  &	
  Cuban,	
  1995)	
  and	
  Spillane	
  (Spillane,	
  2004)	
  that	
  de-­‐
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scribe	
  how	
  reforms	
  get	
  assimilated	
  into	
  actual	
  classroom	
  practice.	
  Messages	
  from	
  central	
  

office	
  or	
  the	
  local	
  administration	
  are	
  often	
  misunderstood	
  or	
  misapplied	
  in	
  the	
  classroom	
  

setting.	
  An	
  understanding	
  about	
  what	
  happens	
  in	
  the	
  actual	
  classroom,	
  and	
  the	
  decisions	
  

that	
  teachers	
  make	
  in	
  response	
  to	
  a	
  new	
  idea	
  or	
  new	
  reform,	
  will	
  help	
  leaders	
  and	
  policy-­‐

makers	
  in	
  their	
  efforts	
  to	
  transform	
  schools.	
  At	
  the	
  system	
  level,	
  district-­‐wide	
  assessment	
  

data	
  can	
  tell	
  the	
  outputs	
  and	
  results	
  of	
  the	
  educational	
  system,	
  but	
  identifying	
  causes	
  for	
  

changes	
  in	
  performance	
  and	
  the	
  possible	
  interventions	
  that	
  will	
  enable	
  greater	
  effective-­‐

ness	
  remains	
  difficult.	
  

A	
  sixth	
  reason	
  to	
  explore	
  these	
  questions	
  is	
  that	
  assessment	
  literacy	
  matters.	
  “Data-­‐

driven	
  decision	
  making”	
  (Shirley	
  &	
  Hargreaves,	
  2006)	
  is	
  now	
  also	
  part	
  of	
  the	
  American	
  ed-­‐

ucational	
  lexicon.	
  It	
  is	
  clear	
  that	
  in	
  many	
  districts,	
  teachers	
  and	
  schools	
  have	
  struggled	
  to	
  

make	
  sense	
  of	
  the	
  new	
  student	
  assessment	
  data	
  that	
  is	
  available	
  (Goertz,	
  Oláh,	
  &	
  Rigan,	
  

2009).	
  By	
  exploring	
  the	
  thinking	
  and	
  decisions	
  teachers	
  use	
  when	
  creating	
  their	
  in-­‐class	
  

assessments,	
  a	
  picture	
  of	
  what	
  teachers	
  know	
  and	
  do	
  not	
  know	
  about	
  assessments	
  can	
  be	
  

established,	
  providing	
  the	
  foundation	
  for	
  further	
  work	
  and	
  study.	
  

Conclusion	
  

In	
  this	
  chapter,	
  I	
  have	
  described	
  the	
  problem	
  of	
  understanding	
  at	
  scale	
  the	
  decisions	
  

high	
  school	
  science	
  teachers	
  make	
  about	
  the	
  content	
  and	
  rigor	
  they	
  embrace	
  in	
  their	
  clas-­‐

ses,	
  and	
  explained	
  why	
  it	
  is	
  a	
  worthwhile	
  problem	
  to	
  consider.	
  In	
  chapter	
  2,	
  I	
  will	
  review	
  

the	
  literature	
  base	
  to	
  determine	
  what	
  we	
  know	
  and	
  do	
  not	
  know	
  about	
  this	
  topic.	
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Chapter	
  2:	
  Literature	
  Review	
  

Introduction	
  

In	
  the	
  previous	
  chapter,	
  I	
  discussed	
  the	
  importance	
  of	
  three	
  interrelated	
  issues	
  

about	
  science	
  teaching	
  in	
  Chicago	
  high	
  schools:	
  what	
  do	
  high	
  school	
  science	
  teachers	
  in	
  

Chicago	
  value	
  about	
  the	
  content	
  they	
  teach,	
  how	
  do	
  they	
  organize	
  that	
  content,	
  and	
  what	
  

sort	
  of	
  demands	
  do	
  they	
  expect	
  of	
  their	
  students?	
  There	
  are	
  several	
  different	
  collections	
  of	
  

scholarship	
  about	
  high	
  school	
  science	
  teaching	
  and	
  learning	
  in	
  the	
  United	
  States	
  in	
  general	
  

and	
  in	
  particular	
  in	
  Chicago.	
  In	
  this	
  chapter,	
  I	
  will	
  provide	
  an	
  overview	
  of	
  those	
  collections	
  

of	
  research	
  literature.	
  In	
  Chapter	
  3,	
  I	
  will	
  describe	
  some	
  of	
  the	
  gaps	
  in	
  this	
  literature	
  base,	
  

and	
  how	
  this	
  study	
  helps	
  to	
  close	
  that	
  gap.	
  

Organizing	
  The	
  Literature	
  Base	
  

I	
  will	
  begin	
  with	
  an	
  analysis	
  of	
  what	
  we	
  know	
  about	
  high	
  school	
  science	
  teaching,	
  

paying	
  particular	
  attention	
  to	
  how	
  teachers	
  react	
  to	
  policy	
  mechanisms	
  such	
  as	
  standards	
  

and	
  assessments.	
  There	
  is	
  a	
  gap	
  here	
  between	
  what	
  practices	
  research	
  tells	
  us	
  work,	
  and	
  

the	
  outcomes	
  we	
  observe,	
  however,	
  meaning	
  that	
  our	
  understanding	
  of	
  practices	
  at	
  scale	
  is	
  

limited.	
  

I	
  will	
  next	
  ground	
  the	
  work	
  in	
  Chicago	
  and	
  describe	
  the	
  particular	
  context	
  into	
  

which	
  my	
  research	
  is	
  situated.	
  I	
  will	
  draw	
  from	
  district	
  data,	
  the	
  work	
  of	
  the	
  Consortium	
  on	
  

Chicago	
  School	
  Research	
  at	
  the	
  University	
  of	
  Chicago,	
  and	
  the	
  extensive	
  research	
  and	
  eval-­‐

uation	
  background	
  of	
  the	
  Chicago	
  Math	
  &	
  Science	
  Initiative	
  (CMSI).	
  The	
  latter	
  includes	
  re-­‐
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search	
  papers	
  produced	
  internally	
  by	
  the	
  district,	
  and	
  the	
  University	
  of	
  Illinois	
  at	
  Chicago	
  

(now	
  Loyola)	
  PRAIRIE	
  group,	
  often	
  as	
  part	
  of	
  National	
  Science	
  Foundation	
  funded	
  efforts.	
  

While	
  these	
  papers	
  set	
  some	
  context	
  and	
  define	
  in	
  part	
  how	
  individual	
  teachers	
  and	
  

schools	
  interact	
  with	
  their	
  science	
  content	
  and	
  their	
  students,	
  there	
  is	
  little	
  here	
  that	
  de-­‐

scribes	
  the	
  routine	
  work	
  of	
  science	
  teachers.	
  

The	
  next	
  body	
  of	
  literature	
  focuses	
  on	
  science	
  content—both	
  breadth	
  and	
  depth—as	
  

typically	
  defined	
  for	
  high	
  school	
  students	
  and	
  teachers.	
  This	
  includes	
  various	
  sets	
  of	
  na-­‐

tional	
  and	
  state	
  standards,	
  the	
  design	
  work	
  that	
  forms	
  the	
  basis	
  for	
  curriculum	
  develop-­‐

ment,	
  and	
  work	
  about	
  “learning	
  progressions”	
  and	
  student	
  misconceptions	
  within	
  the	
  vari-­‐

ous	
  scientific	
  disciplines.	
  This	
  literature	
  will	
  address	
  various	
  definitions	
  of	
  academic	
  press	
  

and	
  rigor,	
  but	
  most	
  of	
  it	
  describes	
  the	
  state	
  to	
  which	
  teachers,	
  schools,	
  and	
  curriculum	
  

writers	
  should	
  aspire,	
  not	
  the	
  level	
  of	
  current	
  classroom	
  practice.	
  I	
  will	
  pay	
  special	
  atten-­‐

tion	
  to	
  some	
  particular	
  content	
  areas	
  that	
  have	
  received	
  lots	
  of	
  attention	
  for	
  various	
  rea-­‐

sons	
  over	
  the	
  past	
  decade.	
  

The	
  fourth	
  body	
  of	
  literature	
  describes	
  assessment	
  use	
  by	
  teachers,	
  the	
  connections	
  

between	
  large-­‐scale	
  and	
  classroom	
  level	
  assessments,	
  and	
  the	
  decision-­‐making	
  and	
  policy	
  

implications	
  that	
  entails.	
  This	
  body	
  tends	
  to	
  be	
  rather	
  theoretical—amid	
  the	
  calls	
  for	
  more	
  

“data	
  driven	
  decision	
  making,”	
  there	
  are	
  few	
  examples	
  that	
  show	
  how	
  this	
  can	
  be	
  done	
  at	
  

scale	
  in	
  a	
  fashion	
  that	
  lives	
  up	
  to	
  the	
  rhetoric.	
  

Connecting	
  all	
  of	
  these	
  bodies	
  of	
  literature	
  is	
  a	
  final	
  group	
  that	
  discusses	
  the	
  leader-­‐

ship	
  and	
  policy	
  issues	
  at	
  play.	
  This	
  is	
  important	
  because	
  the	
  practice	
  and	
  craft	
  of	
  teaching	
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does	
  not	
  occur	
  in	
  a	
  vacuum,	
  but	
  in	
  schools	
  described	
  by	
  routines	
  and	
  overseen	
  by	
  leaders,	
  

governed	
  by	
  policies.	
  

High	
  School	
  Science	
  Teaching	
  

There	
  is	
  considerable	
  research	
  that	
  attempts	
  to	
  describe	
  effective	
  science	
  teaching.	
  

Numerous	
  policy	
  efforts	
  have	
  attempted	
  to	
  create	
  science	
  “master	
  teachers”	
  (White	
  House	
  

Office	
  Of	
  The	
  Press	
  Secretary,	
  2012)	
  and	
  define	
  the	
  knowledge,	
  skills,	
  and	
  dispositions	
  

needed	
  for	
  exceptional	
  practice	
  (The	
  National	
  Board	
  For	
  Professional	
  Teaching	
  Standards,	
  

2003).	
  The	
  Handbook	
  Of	
  Research	
  On	
  Science	
  Education	
  (Abell	
  &	
  Lederman,	
  2007)	
  synthe-­‐

sizes	
  much	
  of	
  what	
  we	
  know	
  about	
  teaching,	
  learning,	
  and	
  leading	
  science	
  at	
  the	
  K-­‐12	
  level,	
  

though	
  as	
  part	
  of	
  the	
  inevitable	
  process	
  of	
  synthesizing	
  many	
  studies	
  the	
  local	
  contexts	
  are	
  

downplayed.	
  

Some	
  more	
  recent	
  and	
  targeted	
  studies	
  attempt	
  to	
  highlight	
  both	
  practices	
  that	
  are	
  

particularly	
  important	
  and	
  the	
  processes	
  by	
  which	
  teachers	
  learn	
  or	
  adopt	
  these	
  practices.	
  

For	
  instance,	
  a	
  recent	
  research	
  synthesis	
  shows	
  that	
  research	
  “indicate[s]	
  a	
  clear,	
  positive	
  

trend	
  favoring	
  inquiry-­‐based	
  instructional	
  practices,	
  particularly	
  instruction	
  that	
  empha-­‐

sizes	
  student	
  active	
  thinking	
  and	
  drawing	
  conclusions	
  from	
  data”	
  (Minner,	
  Levy,	
  &	
  Century,	
  

2010),	
  thought	
  it	
  is	
  clear	
  that	
  these	
  practices	
  are	
  difficult	
  to	
  enact	
  successfully	
  in	
  many	
  

classrooms	
  (Tang,	
  Coffey,	
  Elby,	
  &	
  Levin,	
  2009).	
  Some	
  studies	
  have	
  explored	
  how	
  science	
  

teachers	
  respond	
  to	
  standards	
  and	
  assessments	
  and	
  accountability	
  provisions,	
  but	
  these	
  

tend	
  be	
  based	
  on	
  either	
  small	
  numbers	
  of	
  teachers	
  in	
  focus	
  groups	
  (Donnelly	
  &	
  Sadler,	
  

2009)	
  or	
  tied	
  to	
  specific	
  interventions,	
  such	
  as	
  instructional	
  materials	
  (Ball	
  &	
  Cohen,	
  1996)	
  

or	
  concept	
  substitution	
  (Grayson,	
  1996).	
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High	
  School	
  Science	
  Teaching	
  In	
  Chicago	
  

These	
  questions	
  highlighted	
  at	
  the	
  beginning	
  of	
  this	
  chapter	
  are	
  grounded	
  in	
  the	
  po-­‐

litical,	
  organizational,	
  and	
  educational	
  context	
  of	
  Chicago.	
  As	
  Kahle	
  comments	
  when	
  re-­‐

viewing	
  large-­‐scale	
  attempts	
  at	
  science	
  education	
  reform,	
  “success	
  depends	
  primarily	
  on	
  

local	
  factors,	
  not	
  federal	
  guidelines	
  or	
  funding	
  levels”	
  (Kahle,	
  2007).	
  Much	
  has	
  been	
  written	
  

about	
  high	
  school	
  performance	
  in	
  the	
  Chicago	
  Public	
  Schools.	
  In	
  addition	
  to	
  the	
  variety	
  of	
  

data	
  from	
  the	
  district	
  (Bugler,	
  2006),	
  the	
  Consortium’s	
  regular	
  surveys	
  and	
  reports	
  

(Luppescu	
  &	
  Hart,	
  2005)	
  provide	
  a	
  way	
  to	
  benchmark	
  and	
  ground	
  progress.	
  

The	
  Chicago	
  Consortium	
  On	
  School	
  Research	
  

Essentially,	
  overall	
  student	
  achievement	
  in	
  Chicago	
  high	
  schools	
  has	
  increased	
  

slightly	
  in	
  the	
  past	
  decade	
  (Luppescu	
  et	
  al.,	
  2011).	
  There	
  is	
  a	
  gap	
  between	
  college	
  aspira-­‐

tions	
  and	
  actual	
  attainment,	
  as	
  students	
  do	
  not	
  leave	
  high	
  school	
  with	
  the	
  knowledge,	
  skills,	
  

and	
  dispositions	
  to	
  be	
  successful	
  in	
  higher	
  education	
  (Roderick	
  et	
  al.,	
  2006).	
  A	
  leadership	
  

focus	
  seems	
  to	
  be	
  on	
  preparation	
  for	
  the	
  Prairie	
  State	
  Achievement	
  Exam	
  (PSAE),	
  the	
  high-­‐

stakes	
  exam	
  for	
  high	
  schools	
  (Stoelinga,	
  Hart,	
  &	
  Schalliol,	
  2008),	
  though	
  this	
  “test-­‐prep”	
  fo-­‐

cus	
  does	
  not	
  provide	
  very	
  strong	
  student	
  learning	
  results	
  (E.	
  Allensworth,	
  Correa,	
  &	
  

Ponisciak,	
  2008b).	
  Small	
  high	
  schools	
  have	
  greater	
  amounts	
  of	
  program	
  coherence	
  than	
  

large	
  high	
  schools,	
  but	
  student	
  outcomes	
  are	
  generally	
  similar	
  to	
  large	
  comprehensive	
  high	
  

schools	
  (Kahne,	
  Sporte,	
  de	
  La	
  Torre,	
  &	
  Easton,	
  2006).	
  When	
  professional	
  communities	
  exist	
  

in	
  small	
  high	
  schools—not	
  a	
  given—they	
  tend	
  to	
  focus	
  on	
  supportive	
  practices	
  rather	
  than	
  

developmental	
  ones,	
  and	
  the	
  daily	
  demands	
  of	
  teaching	
  often	
  made	
  teacher	
  collaboration	
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difficult	
  (Stevens	
  &	
  Kahne,	
  2006).	
  On	
  the	
  PSAE,	
  performance	
  is	
  low,	
  particularly	
  in	
  science	
  

(Bugler,	
  2006),	
  though	
  scores	
  on	
  one	
  subject	
  are	
  associated	
  with	
  low	
  scores	
  on	
  the	
  others	
  

(Ponisciak,	
  2005).	
  Graduation	
  rates	
  in	
  Chicago	
  are	
  low	
  but	
  increasing	
  slightly,	
  but	
  the	
  vari-­‐

ance	
  is	
  high	
  between	
  schools	
  (E.	
  Allensworth,	
  2005).	
  In	
  the	
  early	
  redesign	
  work	
  sponsored	
  

by	
  the	
  Gates	
  Foundation,	
  despite	
  increased	
  optimism	
  and	
  personalization,	
  implementation	
  

and	
  operations	
  hurdles	
  eclipsed	
  instructional	
  issues	
  as	
  the	
  primary	
  focus	
  of	
  schools	
  

(Sporte,	
  Kahne,	
  &	
  Correa,	
  2004),	
  though	
  later	
  efforts	
  began	
  to	
  show	
  some	
  signs	
  of	
  academic	
  

progress	
  (Sporte,	
  Correa,	
  Hart,	
  &	
  Wechsler,	
  2009).	
  Together,	
  the	
  portrait	
  these	
  paint	
  of	
  Chi-­‐

cago’s	
  high	
  schools	
  is	
  one	
  with	
  lots	
  of	
  energy	
  and	
  enthusiasm	
  for	
  reform,	
  but	
  to	
  date,	
  not	
  

enough	
  progress.	
  

Mathematics	
  and	
  Science	
  In	
  Chicago	
  

There	
  is	
  a	
  host	
  of	
  literature	
  about	
  mathematics	
  and	
  science	
  performance	
  in	
  Chicago	
  

as	
  well,	
  thanks	
  to	
  the	
  program	
  evaluation	
  efforts	
  of	
  the	
  Chicago	
  Math	
  &	
  Science	
  Initiative	
  

(CMSI).	
  The	
  evaluation	
  and	
  research	
  plans	
  are	
  presented	
  in	
  annual	
  documents	
  describing	
  

the	
  strategies	
  and	
  approaches	
  used	
  to	
  collect,	
  analyze,	
  and	
  disseminate	
  data	
  in	
  2003-­‐04	
  

(Feranchak,	
  2003),	
  2004-­‐05	
  (Feranchak	
  &	
  Price,	
  2004),	
  and	
  2005-­‐06	
  (Feranchak,	
  Price,	
  &	
  

Lemke,	
  2005),	
  and	
  most	
  of	
  the	
  outcome	
  data	
  mirrors	
  the	
  broader	
  reports	
  referred	
  to	
  above.	
  

(The	
  progress	
  at	
  the	
  K-­‐8	
  level	
  has	
  been	
  more	
  pronounced.)	
  The	
  annual	
  reports	
  to	
  the	
  Na-­‐

tional	
  Science	
  Foundation	
  describe	
  strategies	
  and	
  results	
  annually	
  (Lach,	
  2006).	
  It	
  is	
  clear	
  

that	
  capacity	
  for	
  content-­‐based	
  change	
  remains	
  limited,	
  as	
  efforts	
  to	
  increase	
  the	
  leader-­‐

ship	
  capacity	
  of	
  central	
  office	
  staff	
  members	
  in	
  mathematics	
  and	
  science	
  have	
  had	
  mixed	
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results	
  (Hallman,	
  Fendt,	
  &	
  Wenzel,	
  2003).	
  As	
  time	
  has	
  passed,	
  those	
  efforts	
  did	
  appear	
  to	
  

increase	
  the	
  district-­‐wide	
  instructional	
  coherence,	
  but	
  capacity	
  remained	
  thin	
  (Hallman,	
  

2004).	
  A	
  review	
  of	
  teacher	
  qualifications	
  shows	
  most	
  high	
  school	
  teachers	
  have	
  the	
  appro-­‐

priate	
  content	
  background	
  for	
  the	
  courses	
  they	
  teach,	
  with	
  key	
  gaps	
  in	
  the	
  physical	
  scienc-­‐

es	
  and	
  special	
  education	
  (LaForce,	
  2004).	
  It	
  is	
  also	
  clear	
  there	
  are	
  few	
  commonalities	
  

among	
  instructional	
  materials	
  used	
  in	
  CPS	
  high	
  school	
  science	
  classrooms	
  (Deiger,	
  2003),	
  

and	
  the	
  district	
  lacks	
  a	
  coherent	
  policy	
  or	
  plan	
  around	
  course	
  enrollment	
  and	
  sequencing	
  

(LaForce	
  &	
  Feranchak,	
  2003).	
  At	
  the	
  high	
  school	
  level,	
  there	
  is	
  an	
  emerging	
  sense	
  that	
  the	
  

college-­‐prep	
  focus	
  likely	
  has	
  not	
  made	
  much	
  impact	
  for	
  many	
  students	
  (Mazzeo,	
  2010).	
  

Changes	
  in	
  high	
  school	
  graduation	
  requirements	
  were	
  made	
  in	
  the	
  early	
  1990s,	
  dramatical-­‐

ly	
  increasing	
  science	
  course	
  taking	
  requirements.	
  These	
  changes	
  did	
  not	
  help	
  students	
  

learn	
  more	
  science	
  and	
  actually	
  may	
  have	
  hurt	
  their	
  college	
  prospects	
  (Montgomery,	
  

Allensworth,	
  &	
  Correa,	
  2010).	
  

Much	
  of	
  this	
  literature—particularly	
  the	
  Consortium	
  reports—describes	
  and	
  

benchmarks	
  the	
  district’s	
  performance.	
  When	
  policy	
  levers	
  are	
  considered,	
  they	
  are	
  ap-­‐

plied	
  at	
  a	
  broad	
  scale,	
  and	
  there	
  is	
  little	
  insight	
  into	
  how	
  the	
  various	
  policy	
  levers	
  connect	
  

to	
  one	
  another	
  at	
  the	
  classroom	
  level.	
  The	
  CMSI	
  work	
  also	
  mostly	
  provides	
  benchmarking,	
  

though	
  it	
  does	
  delve	
  into	
  the	
  workings	
  of	
  the	
  central	
  Office	
  of	
  Mathematics’	
  and	
  Science.	
  As	
  

Spillane	
  has	
  described	
  in	
  Standards	
  Deviation,	
  the	
  connections	
  between	
  different	
  levels	
  of	
  

the	
  educational	
  system	
  often	
  dilutes	
  the	
  implementation	
  of	
  instructional	
  innovations	
  

(Spillane,	
  2004),	
  so	
  probing	
  how	
  the	
  various	
  levels	
  connect	
  and	
  impact	
  the	
  practice	
  of	
  

teachers	
  will	
  be	
  important.	
  The	
  literature	
  discussed	
  above	
  generally	
  describes	
  the	
  context	
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and	
  the	
  setting,	
  but	
  does	
  not	
  really	
  explain	
  what	
  this	
  looks	
  like	
  in	
  teacher	
  classrooms	
  

around	
  the	
  district,	
  or	
  how	
  various	
  policies	
  influenced	
  classroom	
  instruction	
  and	
  student	
  

learning.	
  	
  

Science	
  Content,	
  Science	
  Rigor	
  

Now,	
  I	
  will	
  describe	
  several	
  bodies	
  of	
  literature	
  that	
  address	
  nature	
  of	
  science	
  con-­‐

tent	
  and	
  rigor	
  for	
  high	
  school	
  classrooms.	
  This	
  includes	
  an	
  explanation	
  about	
  how	
  deci-­‐

sions	
  are	
  made	
  concerning	
  science	
  content,	
  an	
  overview	
  of	
  the	
  current	
  status	
  of	
  state	
  and	
  

national	
  standards	
  for	
  science,	
  the	
  nature	
  of	
  learning	
  progressions,	
  and	
  various	
  definitions	
  

of	
  rigor.	
  I	
  will	
  also	
  tackle	
  some	
  important	
  “special	
  cases”	
  of	
  science	
  content	
  that	
  have	
  par-­‐

ticular	
  relevance:	
  environmental	
  education,	
  including	
  climate	
  change;	
  evolution;	
  and	
  in-­‐

quiry.	
  

Drivers	
  Of	
  Science	
  Content	
  In	
  Classrooms	
  

It	
  is	
  clear	
  that	
  the	
  primary	
  driver	
  of	
  science	
  content	
  in	
  classrooms	
  is	
  the	
  textbook	
  

that	
  teachers	
  use.	
  Yager	
  and	
  Stodghill	
  commented	
  back	
  in	
  1979	
  that:	
  

“Science	
  in	
  the	
  school	
  program	
  can	
  be	
  characterized	
  by	
  one	
  word—
textbooks.	
  The	
  science	
  curriculum	
  exists	
  as	
  the	
  facts	
  and	
  concepts	
  that	
  
are	
  traditionally	
  packaged	
  in	
  textbooks.	
  The	
  textbook	
  not	
  only	
  deter-­‐
mines	
  the	
  content,	
  but	
  the	
  order,	
  and	
  the	
  examples,	
  and	
  the	
  application	
  
of	
  that	
  content.”	
  (Yager	
  &	
  Stodghill,	
  1979)	
  

This	
  is	
  still	
  the	
  case,	
  as	
  reported	
  by	
  Lyons	
  as	
  part	
  of	
  the	
  2012	
  National	
  Survey	
  of	
  Science	
  

and	
  Mathematics	
  Education	
  (Lyons,	
  2013).	
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At	
  the	
  national	
  level,	
  there	
  is	
  substantial	
  consensus	
  regarding	
  what	
  science	
  high	
  

school	
  students	
  should	
  know	
  and	
  be	
  able	
  to	
  do.	
  Two	
  sets	
  of	
  national	
  standards	
  have	
  existed	
  

for	
  some	
  time,	
  the	
  National	
  Science	
  Education	
  Standards	
  (National	
  Research	
  Council,	
  1996)	
  

and	
  the	
  Benchmarks	
  for	
  Science	
  Literacy	
  (American	
  Association	
  for	
  the	
  Advancement	
  of	
  

Science,	
  1994),	
  and	
  both	
  have	
  paved	
  the	
  way	
  for	
  subsequent	
  systemic	
  reform	
  and	
  policy	
  

decisions	
  (Kahle,	
  2007).	
  While	
  more	
  similar	
  than	
  different,	
  the	
  Benchmarks	
  include	
  a	
  

broader	
  vision	
  for	
  science	
  literacy	
  than	
  the	
  National	
  Academy’s	
  version	
  (Bybee,	
  1997);	
  ei-­‐

ther	
  sufficiently	
  defines	
  what	
  science	
  students	
  should	
  know	
  and	
  be	
  able	
  to	
  do,	
  and	
  both	
  

were	
  influential	
  in	
  crafting	
  state	
  science	
  standards.	
  Building	
  on	
  these	
  documents,	
  the	
  Na-­‐

tional	
  Academies	
  recently	
  developed	
  a	
  Framework	
  for	
  science	
  education	
  (National	
  

Research	
  Council,	
  2012)	
  which	
  was	
  used	
  by	
  Achieve,	
  Inc.	
  and	
  some	
  state	
  partners	
  to	
  create	
  

the	
  Next	
  Generation	
  Science	
  Standards	
  (NGSS	
  Lead	
  States,	
  2013b)	
  which	
  as	
  of	
  early	
  March	
  

2014	
  have	
  been	
  adopted	
  by	
  nine	
  states.	
  Illinois	
  is	
  poised	
  to	
  adopt	
  them	
  as	
  well	
  (Heiton,	
  

2014).	
  

Evidence	
  is	
  emerging	
  that	
  by	
  focusing	
  more	
  on	
  depth	
  than	
  breadth,	
  as	
  the	
  NGSS	
  are	
  

designed	
  to	
  do,	
  is	
  important	
  in	
  high	
  school	
  for	
  performance	
  in	
  science	
  in	
  college.	
  As	
  

Schwartz,	
  et.	
  al.	
  report	
  in	
  their	
  study	
  relating	
  the	
  performance	
  of	
  college	
  students	
  with	
  high	
  

school	
  experiences,	
  

“Students	
  who	
  reported	
  covering	
  at	
  least	
  one	
  major	
  topic	
  in	
  depth,	
  for	
  a	
  
month	
  or	
  longer,	
  in	
  high	
  school	
  were	
  found	
  to	
  earn	
  higher	
  grades	
  in	
  col-­‐
lege	
  science	
  than	
  did	
  students	
  who	
  reported	
  no	
  coverage	
  in	
  depth.	
  Stu-­‐
dents	
  reporting	
  breadth	
  in	
  their	
  high	
  school	
  course,	
  covering	
  all	
  major	
  
topics,	
  did	
  not	
  appear	
  to	
  have	
  any	
  advantage	
  in	
  chemistry	
  or	
  physics	
  
and	
  a	
  significant	
  disadvantage	
  in	
  biology”	
  (Schwartz,	
  Sadler,	
  Sonnert,	
  &	
  
Tai,	
  2008).	
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While	
  we	
  have	
  good	
  data	
  that	
  shows	
  Chicago’s	
  high	
  school	
  science	
  performance	
  is	
  not	
  that	
  

strong,	
  we	
  do	
  not	
  have	
  a	
  very	
  robust	
  understanding	
  of	
  how	
  ideas	
  about	
  content	
  and	
  rigor	
  

get	
  operationalized	
  at	
  the	
  classroom	
  level	
  by	
  teachers.	
  

State	
  Standards	
  	
  

Information	
  about	
  science	
  content	
  and	
  performance	
  in	
  Illinois	
  is	
  limited.	
  Infor-­‐

mation	
  about	
  high	
  stakes	
  testing	
  in	
  Illinois,	
  including	
  the	
  technical	
  manual	
  for	
  the	
  Prairie	
  

State	
  Achievement	
  Exam	
  (PSAE)	
  (Illinois	
  State	
  Board	
  Of	
  Education	
  &	
  ACT,	
  2007)	
  and	
  the	
  

accompanying	
  science	
  overview	
  for	
  teachers	
  (Stanko,	
  2007),	
  is	
  readily	
  available,	
  but	
  focus	
  

mostly	
  on	
  the	
  psychometrics	
  of	
  the	
  test	
  design	
  and	
  logistics	
  for	
  implementation.	
  During	
  the	
  

2003-­‐04	
  and	
  2004-­‐05	
  school	
  years,	
  the	
  high	
  school	
  PSAE	
  consisted	
  of	
  two	
  components	
  

spread	
  over	
  the	
  two	
  days	
  of	
  testing:	
  the	
  ACT	
  science	
  reasoning	
  exam	
  on	
  day	
  one	
  and	
  an	
  

ISBE-­‐develop	
  science	
  exam	
  on	
  day	
  two	
  (Lach,	
  2004).	
  According	
  to	
  the	
  ISBE	
  Science	
  As-­‐

sessment	
  Framework	
  PSAE	
  Grade	
  11,	
  day	
  one	
  focused	
  85%	
  on	
  scientific	
  inquiry	
  and	
  day	
  

two	
  focused	
  75%	
  on	
  the	
  content	
  standards	
  (goal	
  12)	
  (Illinois	
  State	
  Board	
  Of	
  Education,	
  

2006).	
  And	
  while	
  both	
  statewide	
  and	
  Chicago	
  PSAE	
  results	
  are	
  public	
  (Bugler,	
  2006),	
  and	
  

some	
  reviews	
  of	
  PSAE	
  results	
  exist	
  (for	
  instance,	
  Ponisciak,	
  2005),	
  there	
  are	
  few	
  deep	
  ef-­‐

forts	
  to	
  probe	
  at	
  what	
  is	
  really	
  going	
  on	
  in	
  classrooms	
  with	
  any	
  grade	
  or	
  content	
  specificity.	
  

(There	
  are	
  no	
  statewide	
  indicators	
  of	
  progress	
  in	
  specific	
  science	
  courses	
  or	
  grade	
  levels,	
  

like	
  Biology	
  or	
  9th	
  grade	
  science,	
  for	
  instance.)	
  Relatively	
  little	
  information	
  exists	
  about	
  the	
  

statewide	
  contexts	
  for	
  science,	
  technology,	
  engineering,	
  and	
  mathematics	
  (STEM)	
  educa-­‐

tion	
  reform,	
  though	
  a	
  remarkably	
  noncommittal	
  overview	
  is	
  available	
  from	
  the	
  Illinois	
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Business	
  Roundtable	
  and	
  Northern	
  Illinois	
  University	
  (Northern	
  Illinois	
  University,	
  2006)	
  

and	
  recent	
  attempts	
  have	
  been	
  made	
  to	
  set	
  an	
  agenda	
  for	
  teachers	
  (Jackson	
  et	
  al.,	
  2013)	
  

and	
  the	
  state	
  (C-­‐STEMEC,	
  2013).	
  Some	
  data	
  does	
  exist	
  about	
  college	
  readiness	
  and	
  perfor-­‐

mance,	
  showing	
  that	
  only	
  one-­‐third	
  of	
  the	
  high	
  school	
  class	
  of	
  2002	
  graduated	
  ready	
  for	
  

college	
  (Presley	
  &	
  Gong,	
  2006),	
  though	
  there	
  is	
  little	
  content-­‐specific	
  data	
  there,	
  either.	
  

Statewide,	
  the	
  teaching	
  force	
  quality	
  is	
  shown	
  to	
  be	
  concentrated	
  in	
  areas	
  of	
  relative	
  

wealth,	
  and	
  that	
  the	
  influence	
  of	
  high	
  quality	
  teachers	
  is	
  strongest	
  at	
  the	
  high	
  school	
  level	
  

(Presley,	
  White,	
  &	
  Gong,	
  2005).	
  Specifics	
  about	
  teacher	
  preparation	
  in	
  particular	
  content	
  

areas	
  such	
  as	
  mathematics	
  and	
  science	
  are	
  missing.	
  

Certainly,	
  the	
  Illinois	
  State	
  Standards	
  for	
  science	
  (Illinois	
  State	
  Board	
  Of	
  Education,	
  

1985)	
  and	
  the	
  accompanying	
  performance	
  descriptors	
  (Illinois	
  State	
  Board	
  Of	
  Education,	
  

2001)	
  will	
  be	
  cornerstone	
  of	
  any	
  effort	
  to	
  gauge	
  the	
  rigor	
  and	
  academic	
  press	
  of	
  high	
  school	
  

science	
  classes—and	
  as	
  mentioned	
  previously,	
  new	
  standards	
  will	
  likely	
  be	
  adopted	
  in	
  

2014.	
  A	
  rather	
  cursory	
  review	
  of	
  current	
  standards	
  is	
  available,	
  and	
  places	
  Illinois	
  in	
  the	
  

middle	
  of	
  the	
  pack	
  when	
  compared	
  to	
  other	
  states	
  (Gross	
  et	
  al.,	
  2005).	
  In	
  Illinois,	
  there	
  is	
  

no	
  data	
  about	
  performance	
  on	
  particular	
  courses	
  in	
  high	
  school,	
  and	
  the	
  connections	
  be-­‐

tween	
  statewide	
  and	
  district	
  policy	
  and	
  the	
  classroom	
  are	
  loose	
  at	
  best.	
  

Learning	
  Progressions	
  

The	
  emerging	
  discussions	
  about	
  learning	
  progressions	
  (Committee	
  on	
  Science	
  

Learning	
  Kindergarten	
  through	
  Eighth	
  Grade,	
  Duschl,	
  Schweingruber,	
  &	
  Shouse,	
  2007)	
  de-­‐

scribe	
  how	
  an	
  understanding	
  of	
  conceptual	
  flow	
  within	
  a	
  particular	
  aspect	
  of	
  a	
  discipline	
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can	
  help	
  teachers	
  identify	
  the	
  important	
  ideas	
  when	
  teaching	
  (BSCS,	
  2006).	
  Studies	
  have	
  

connected	
  this	
  work	
  with	
  curriculum	
  design	
  (for	
  example,	
  Roseman,	
  Caldwell,	
  Gogos,	
  &	
  

Kurth,	
  2006),	
  but	
  only	
  minimal	
  work	
  has	
  shown	
  how	
  it	
  can	
  emerge	
  in	
  classroom	
  level	
  as-­‐

sessments	
  via	
  specific	
  instructional	
  materials	
  (for	
  example,	
  Stern	
  &	
  Alhlgren,	
  2002).	
  Un-­‐

derstanding	
  how	
  science	
  teachers	
  decide	
  which	
  content	
  to	
  assess	
  has	
  the	
  potential	
  to	
  in-­‐

form	
  these	
  discussions.	
  

Rigor	
  

The	
  policy	
  airwaves	
  have	
  been	
  filled	
  lately	
  with	
  cries	
  for	
  more	
  academic	
  rigor.	
  These	
  

reports	
  tend	
  to	
  be	
  a	
  mix	
  of	
  national	
  test	
  score	
  analysis	
  and	
  political	
  commentary,	
  and	
  often	
  

compare	
  high	
  school	
  work	
  with	
  that	
  accepted	
  at	
  colleges.	
  A	
  report	
  by	
  ACT,	
  Inc.	
  shows	
  that	
  

course	
  taking	
  is	
  no	
  longer	
  the	
  indicator	
  it	
  once	
  was	
  for	
  college	
  success,	
  as	
  the	
  core	
  content	
  

of	
  courses	
  is	
  often	
  ambiguous	
  or	
  watered	
  down	
  (ACT	
  Inc.,	
  2007).	
  Many	
  of	
  the	
  course	
  titles	
  

of	
  advanced	
  courses	
  do	
  not	
  reflect	
  advanced	
  topics	
  (Dougherty,	
  Mellor,	
  &	
  Jian,	
  2006).	
  Fur-­‐

thermore,	
  many	
  high	
  school	
  courses	
  do	
  not	
  align	
  with	
  content	
  and	
  rigor	
  expectations	
  of	
  col-­‐

leges	
  (Venezia,	
  Krist,	
  &	
  Antonio,	
  2003).	
  As	
  mentioned	
  above,	
  there	
  is	
  evidence	
  suggesting	
  

that	
  depth	
  of	
  content	
  leads	
  to	
  better	
  postsecondary	
  outcomes	
  (Schwartz	
  et	
  al.,	
  2008).	
  While	
  

advanced	
  placement	
  course	
  do	
  provide	
  some	
  level	
  of	
  specificity	
  about	
  what	
  expectations	
  

make	
  sense	
  for	
  students,	
  and	
  some	
  initial	
  work	
  has	
  done	
  to	
  broadly	
  define	
  what	
  rigor	
  looks	
  

like	
  in	
  effective	
  high	
  school	
  courses	
  (ACT	
  Inc.	
  &	
  The	
  Education	
  Trust,	
  2004),	
  this	
  literature	
  

provides	
  more	
  impetus	
  for	
  the	
  proposed	
  research	
  than	
  it	
  focuses	
  the	
  picture	
  of	
  classroom	
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practice.	
  ,The	
  College	
  Board	
  has	
  since	
  launched	
  an	
  effort	
  to	
  redesign	
  their	
  science	
  course	
  

offerings	
  (National	
  Science	
  Foundation,	
  2006).	
  

Special	
  Topic:	
  Environmental	
  Science	
  and	
  Climate	
  Change	
  

Given	
  City	
  Hall’s	
  interest	
  in	
  environmental	
  issues,	
  and	
  the	
  national	
  attention	
  placed	
  

on	
  climate	
  change,	
  the	
  focus	
  on	
  environmental	
  science	
  in	
  Chicago	
  has	
  never	
  been	
  stronger	
  

(Ferkenhoff,	
  2006).	
  This	
  comes	
  amid	
  somewhat	
  of	
  a	
  complicated	
  time	
  for	
  environmental	
  

science	
  at	
  the	
  national	
  level,	
  as	
  the	
  political	
  debates	
  sharpen.	
  For	
  instance,	
  the	
  National	
  Sci-­‐

ence	
  Teachers	
  Association	
  recently	
  found	
  itself	
  in	
  hot	
  water	
  for	
  refusing	
  to	
  freely	
  distribute	
  

copies	
  of	
  Al	
  Gore’s	
  award	
  winning	
  An	
  Inconvenient	
  Truth	
  for	
  fear	
  of	
  upsetting	
  corporate	
  

sponsors	
  (David,	
  2006).	
  As	
  a	
  discipline,	
  the	
  understanding	
  is	
  now	
  emerging	
  that	
  environ-­‐

mental	
  education	
  has	
  its	
  own	
  unique	
  epistemology	
  due	
  to	
  its	
  connections	
  to	
  the	
  social	
  as-­‐

pects	
  of	
  science	
  (Hart,	
  2007).	
  A	
  description	
  of	
  environmental	
  science	
  as	
  an	
  interdiscipli-­‐

nary,	
  contemporary,	
  and	
  applied	
  science	
  at	
  the	
  high	
  school	
  has	
  been	
  articulated	
  in	
  both	
  the	
  

national	
  literature	
  and	
  as	
  one	
  component	
  of	
  the	
  Chicago	
  Public	
  School’s	
  high	
  school	
  im-­‐

provement	
  efforts	
  (Edelson,	
  2007),	
  but	
  it	
  is	
  unclear	
  what	
  is	
  the	
  most	
  common	
  type	
  of	
  envi-­‐

ronmental	
  science	
  practiced	
  within	
  the	
  Chicago	
  Public	
  Schools.	
  

Special	
  Topic:	
  Evolution	
  

No	
  science	
  education	
  issue	
  has	
  attracted	
  more	
  attention	
  in	
  recent	
  memory	
  than	
  the	
  

study	
  of	
  evolution.	
  High-­‐profile	
  court	
  cases	
  ("Tammy	
  Kitzmiller	
  versus	
  Dover	
  Area	
  School	
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District,"	
  2005)	
  have	
  fueled	
  the	
  controversy,	
  and	
  some	
  studies	
  indicate	
  many	
  high	
  school	
  

biology	
  teachers	
  merely	
  ignore	
  it	
  as	
  a	
  topic	
  all	
  together	
  (Monastersky,	
  2005).	
  No	
  available	
  

data	
  describes	
  the	
  degree	
  to	
  which	
  evolution	
  is	
  taught	
  in	
  the	
  Chicago	
  Public	
  Schools.	
  

Special	
  Topic:	
  Inquiry	
  and	
  the	
  Nature	
  of	
  Science	
  

Inquiry	
  is	
  another	
  science	
  topic	
  that	
  has	
  been	
  the	
  subject	
  of	
  much	
  misunderstand-­‐

ing.	
  While	
  the	
  national	
  standards	
  delineate	
  inquiry	
  as	
  separate	
  from	
  the	
  nature	
  of	
  science	
  

(Dow,	
  2000),	
  the	
  degree	
  to	
  which	
  science	
  teachers	
  make	
  the	
  distinction	
  remains	
  unclear	
  

(N.	
  Lederman,	
  1998).	
  In	
  the	
  Next	
  Generation	
  Science	
  Standards,	
  this	
  idea	
  is	
  included	
  in	
  the	
  

“practices”	
  section	
  and	
  integrated	
  into	
  all	
  the	
  standards	
  (NGSS	
  Lead	
  States,	
  2013b),	
  though	
  

the	
  designers	
  and	
  standards	
  authors	
  note	
  the	
  challenges	
  this	
  will	
  mean	
  for	
  implementation	
  

(Board	
  On	
  Science	
  Education,	
  2014,	
  in	
  press).	
  The	
  current	
  Illinois	
  state	
  standards	
  do	
  not	
  

make	
  the	
  distinction	
  very	
  clearly	
  either,	
  as	
  inquiry	
  and	
  technological	
  design	
  are	
  grouped	
  in	
  

one	
  goal	
  (goal	
  11),	
  with	
  what	
  could	
  be	
  most	
  closely	
  aligned	
  with	
  nature	
  of	
  science	
  in	
  anoth-­‐

er	
  (goal	
  13)	
  (Illinois	
  State	
  Board	
  Of	
  Education,	
  1985).	
  Inquiry	
  is	
  not	
  well	
  tested	
  on	
  the	
  

state’s	
  high-­‐stakes	
  exam	
  (Illinois	
  State	
  Board	
  Of	
  Education,	
  2005),	
  so	
  reviewing	
  what	
  hap-­‐

pens	
  in	
  classroom	
  level	
  assessments	
  about	
  inquiry	
  will	
  fill	
  a	
  sizable	
  gap	
  in	
  our	
  understand-­‐

ing	
  of	
  science	
  instructional	
  practice.	
  Evidence	
  suggests	
  that	
  teachers	
  with	
  stronger	
  content	
  

knowledge	
  background,	
  and	
  more	
  professional	
  development	
  that	
  is	
  firmly	
  grounded	
  in	
  

content,	
  use	
  inquiry-­‐oriented	
  teaching	
  approaches	
  more	
  frequently	
  than	
  other	
  teachers	
  

(Smith	
  et	
  al.,	
  2007),	
  though	
  this	
  study	
  relied	
  on	
  teacher	
  self	
  reports	
  about	
  methods	
  and	
  

techniques	
  to	
  measure	
  impact	
  on	
  instruction.	
  



 

 

20 

Assessments	
  and	
  Assessment	
  Systems	
  

The	
  literature	
  base	
  on	
  science	
  assessment	
  is	
  extensive,	
  beginning	
  with	
  the	
  National	
  

Academy’s	
  Knowing	
  What	
  Students	
  Know	
  (Pellegrino,	
  Chudowsky,	
  &	
  Glaser,	
  2001).	
  In	
  this	
  

important	
  work,	
  the	
  authors	
  describe	
  how	
  cognition,	
  observation,	
  and	
  interpretation	
  form	
  

the	
  foundational	
  elements	
  of	
  all	
  assessments,	
  and	
  describe	
  how	
  careful	
  consideration	
  of	
  

these	
  three	
  components	
  of	
  an	
  “assessment	
  triangle”	
  would	
  result	
  in	
  assessment	
  systems	
  

and	
  practices	
  dramatically	
  different	
  (and	
  more	
  effective)	
  than	
  currently	
  in	
  mainstream	
  use.	
  

Systems	
  for	
  State	
  Science	
  Assessment	
  (M.	
  R.	
  Wilson	
  &	
  Bertenthal,	
  2005)	
  attempts	
  to	
  take	
  

these	
  ideas	
  and	
  describe	
  what	
  a	
  large-­‐scale	
  science	
  assessment	
  system	
  should	
  look	
  like,	
  in	
  

advance	
  of	
  the	
  No	
  Child	
  Left	
  Behind	
  science	
  testing	
  mandate	
  for	
  the	
  2007-­‐08	
  academic	
  

year.	
  The	
  classroom	
  assessment	
  supplement	
  to	
  the	
  National	
  Science	
  Education	
  Standards	
  

(Atkin,	
  Black,	
  &	
  Coffey,	
  2001)	
  describes	
  the	
  connections	
  between	
  research	
  and	
  teacher	
  

practice	
  around	
  classroom-­‐based	
  assessment,	
  and	
  documents	
  clearly	
  how	
  teachers	
  can	
  in-­‐

corporate	
  stronger	
  assessment	
  strategies	
  into	
  their	
  classrooms.	
  Another	
  report	
  from	
  the	
  

National	
  Academy	
  of	
  Sciences,	
  Assessment	
  in	
  Support	
  of	
  Instruction	
  and	
  Learning:	
  Bridging	
  

the	
  Gap	
  Between	
  Large-­‐Scale	
  and	
  Classroom	
  Assessment	
  (Committee	
  on	
  Assessment	
  In	
  

Support	
  of	
  Instruction	
  and	
  Learning,	
  2003),	
  makes	
  concrete	
  the	
  connections	
  between	
  the	
  

classroom	
  level	
  and	
  large	
  scale	
  exams.	
  It	
  links	
  to	
  much	
  of	
  the	
  synthesis	
  work	
  in	
  other	
  Na-­‐

tional	
  Academy	
  reports	
  in	
  order	
  to	
  discuss	
  how	
  classroom	
  assessments	
  and	
  the	
  manage-­‐

ment	
  of	
  them	
  fit	
  within	
  an	
  overall	
  system	
  of	
  assessments,	
  and	
  highlighting	
  the	
  curricular	
  

and	
  instructional	
  decisions	
  that	
  can	
  be	
  made	
  to	
  improve	
  local	
  level	
  teaching	
  and	
  learning.	
  

Recently,	
  the	
  National	
  Academies	
  have	
  synthesized	
  these	
  recommendations	
  in	
  light	
  of	
  the	
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recently	
  released	
  Next	
  Generation	
  Science	
  Standards	
  (Committee	
  on	
  Developing	
  

Assessments	
  of	
  Science	
  Proficiency	
  in	
  K-­‐12,	
  2013).	
  	
  	
  

Another	
  body	
  of	
  literature	
  has	
  emerged	
  addressing	
  comprehensive	
  assessment	
  

plans	
  for	
  districts.	
  Much	
  of	
  this	
  is	
  in	
  response	
  to	
  the	
  assessment	
  and	
  accountability	
  provi-­‐

sions	
  in	
  the	
  No	
  Child	
  Left	
  Behind	
  legislation,	
  calling	
  district-­‐level	
  assessments	
  ultimately	
  “a	
  

relatively	
  weak	
  intervention,	
  because	
  while	
  it	
  reveals	
  shortcomings,	
  it	
  does	
  not	
  contain	
  the	
  

guidance	
  and	
  expertise	
  to	
  inform	
  response”	
  (Supovitz,	
  2009).	
  Additional	
  work	
  has	
  explored	
  

using	
  formative	
  assessment	
  mechanisms	
  as	
  a	
  way	
  to	
  increase	
  overall	
  capacity.	
  For	
  instance,	
  

the	
  National	
  Center	
  for	
  the	
  Improvement	
  of	
  Educational	
  Assessment	
  has	
  released	
  a	
  frame-­‐

work	
  (Perie,	
  Marion,	
  &	
  Gong,	
  2007)	
  to	
  help	
  state	
  and	
  district	
  leaders	
  make	
  decisions	
  about	
  

interim	
  and	
  formative	
  assessments—mid	
  way	
  between	
  the	
  classroom	
  and	
  large-­‐scale	
  as-­‐

sessment	
  systems,	
  and	
  in	
  sync	
  with	
  the	
  National	
  Academy	
  focus	
  on	
  a	
  comprehensive	
  and	
  

aligned	
  assessment	
  system.	
  

Since	
  the	
  National	
  Academy	
  reports	
  both	
  synthesize	
  the	
  existing	
  literature	
  and	
  in-­‐

clude	
  commissioned	
  white	
  papers	
  to	
  fill	
  in	
  identified	
  research	
  gaps,	
  they	
  provide	
  a	
  solid	
  

launching	
  pad	
  for	
  additional	
  research	
  and	
  study.	
  The	
  literature	
  cited	
  above	
  generally	
  de-­‐

scribes	
  high-­‐level	
  policy	
  work	
  and	
  classroom	
  level	
  specifications—the	
  intended	
  audiences	
  

of	
  both	
  the	
  Inquiry	
  And	
  The	
  National	
  Science	
  Standards	
  (National	
  Research	
  Council,	
  2000)	
  

and	
  the	
  Classroom	
  Assessment	
  And	
  The	
  National	
  Science	
  Standards	
  (Atkin	
  et	
  al.,	
  2001)	
  sup-­‐

plements	
  are	
  teachers.	
  The	
  studies	
  that	
  are	
  cited	
  include	
  descriptions	
  of	
  hothouse	
  best-­‐

practice	
  designs	
  from	
  much	
  of	
  the	
  instructional	
  materials	
  development	
  work,	
  like	
  the	
  

SEPUP	
  assessment	
  system	
  (M.	
  R.	
  Wilson	
  &	
  Draney,	
  1999),	
  but	
  little	
  data	
  about	
  what	
  actual-­‐
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ly	
  is	
  happening	
  in	
  classrooms	
  around	
  assessment	
  in	
  science,	
  particularly	
  at	
  scale.	
  To	
  create	
  

a	
  complete	
  picture	
  of	
  the	
  current	
  state	
  of	
  assessment	
  at	
  all	
  levels,	
  more	
  insight	
  into	
  teacher	
  

practice	
  is	
  needed.	
  

There	
  is	
  an	
  emerging	
  body	
  of	
  evaluation	
  literature	
  that	
  describes	
  how	
  attempts	
  to	
  

create	
  large	
  scale	
  formative	
  or	
  benchmark	
  assessment	
  systems	
  have	
  fared.	
  In	
  Philadelphia,	
  

implementation	
  of	
  an	
  aggressive	
  benchmark	
  assessment	
  system	
  was	
  limited	
  by	
  local	
  school	
  

resources	
  and	
  capacity	
  (Bulkley,	
  Christman,	
  Goertz,	
  &	
  Lawrence,	
  2010).	
  In	
  Providence,	
  a	
  

“well-­‐crafted	
  system	
  of	
  quarterly	
  assessments”	
  was	
  implemented	
  and	
  later	
  discarded,	
  as	
  

the	
  benefits	
  never	
  quite	
  materialized	
  from	
  the	
  design	
  (Clune	
  &	
  White,	
  2008).	
  Even	
  the	
  Con-­‐

sortium	
  has	
  moved	
  to	
  claiming	
  interim	
  assessments	
  as	
  “easier	
  said	
  than	
  done”	
  (Goren,	
  

2010).	
  

Scale,	
  Implementation,	
  and	
  Leadership	
  

There	
  is	
  only	
  limited	
  data	
  on	
  large-­‐scale	
  improvement	
  in	
  mathematics	
  and	
  science.	
  

And	
  Cohen	
  and	
  Ball	
  comment,	
  “like	
  love	
  affairs,	
  many	
  [large	
  scale]	
  innovations	
  consist	
  

more	
  of	
  hopes	
  and	
  dreams	
  than	
  the	
  carefully	
  designed	
  details	
  of	
  daily	
  operations	
  that	
  often	
  

are	
  required	
  to	
  make	
  appreciable	
  change”	
  (Cohen	
  &	
  Ball,	
  2007).	
  The	
  ARC	
  Center’s	
  tri-­‐state	
  

study	
  (Sconiers,	
  Isaacs,	
  Higgins,	
  McBride,	
  &	
  Kelso,	
  2003)	
  shows	
  that	
  curriculum-­‐driven	
  in-­‐

structional	
  improvements	
  can	
  happen	
  at	
  a	
  large	
  scale—the	
  changes	
  in	
  teacher	
  practice	
  

brought	
  on	
  by	
  well	
  supported	
  curriculum	
  materials	
  result	
  in	
  new	
  practice	
  and	
  student	
  

learning	
  gains.	
  This	
  is	
  matched	
  by	
  several	
  meta-­‐studies	
  that	
  describe	
  even	
  greater	
  impact	
  

from	
  curriculum-­‐focused	
  intervention	
  efforts	
  (Whitehurst,	
  2009).	
  After	
  five	
  years	
  of	
  im-­‐

plementation,	
  the	
  National	
  Science	
  Foundation	
  local	
  systemic	
  change	
  grants	
  had	
  only	
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mixed	
  results	
  (Kahle,	
  2007),	
  but	
  the	
  ten-­‐year	
  capstone	
  report	
  shows	
  	
  that	
  both	
  pedagogical	
  

change	
  and	
  student	
  achievement	
  improvements	
  do	
  occur	
  via	
  curriculum-­‐centric	
  reforms	
  

(Banilower	
  et	
  al.,	
  2006),	
  though	
  teacher	
  turnover	
  and	
  administrative	
  support	
  remain	
  the	
  

primary	
  challenges	
  (Banilower	
  et	
  al.,	
  2006).	
  Several	
  international	
  studies,	
  including	
  those	
  

based	
  on	
  the	
  Programme	
  for	
  International	
  Student	
  Assessment	
  (PISA)	
  (Watanabe	
  &	
  

McGaw,	
  2003a)	
  and	
  the	
  Third	
  International	
  Mathematics	
  and	
  Science	
  Study	
  (TIMSS)	
  

(Gonzales	
  et	
  al.,	
  2004)	
  data,	
  include	
  powerful	
  insights	
  into	
  the	
  role	
  of	
  curriculum	
  

(Watanabe	
  &	
  McGaw,	
  2003b)	
  and	
  support	
  structures	
  in	
  advancing	
  student	
  achievement	
  as	
  

well,	
  particularly	
  as	
  related	
  to	
  opportunities	
  to	
  learn	
  (W.	
  H.	
  Schmidt,	
  Zoido,	
  &	
  Cogan,	
  2014).	
  

Essentially,	
  the	
  message	
  of	
  these	
  reports	
  is	
  that	
  curriculum	
  matters,	
  and	
  matters	
  in	
  ways	
  

that	
  are	
  unique	
  and	
  particular	
  to	
  mathematics	
  and	
  science	
  improvement.	
  	
  

In	
  Transforming	
  Teaching	
  In	
  Math	
  and	
  Science	
  (Gamoran	
  et	
  al.,	
  2003),	
  the	
  authors	
  

describe	
  some	
  of	
  the	
  district	
  and	
  school	
  level	
  structures	
  that	
  impact	
  mathematics	
  and	
  sci-­‐

ence	
  learning.	
  In	
  presentations	
  made	
  based	
  on	
  this	
  material	
  (Gamoran,	
  2004),	
  it	
  is	
  clear	
  

that	
  a	
  focus	
  needs	
  to	
  be	
  on	
  “discovery	
  teaching”	
  (Hammer,	
  1997)	
  or	
  “teaching	
  for	
  under-­‐

standing,”	
  which	
  by	
  definition	
  do	
  not	
  work	
  very	
  well	
  in	
  routines	
  or	
  procedures	
  grounded	
  in	
  

restrictive	
  organizational	
  cultures,	
  and	
  probably	
  is	
  not	
  included	
  on	
  most	
  state	
  standards	
  

(Finn,	
  Petrilli,	
  &	
  Julian,	
  2006).	
  Gamoran	
  argues	
  that	
  schools	
  need	
  to	
  expand	
  the	
  typical	
  fo-­‐

cus	
  on	
  “a	
  predictable	
  flow	
  of	
  material	
  resources”	
  to	
  a	
  broader	
  focus	
  on	
  material,	
  human,	
  

and	
  social	
  resources.	
  The	
  inherent	
  uncertainty	
  in	
  discovery	
  teaching	
  speaks	
  to	
  a	
  need	
  for	
  

more	
  organic	
  and	
  less	
  bureaucratic	
  management,	
  and	
  leadership	
  based	
  on	
  “expertise	
  and	
  

commitment,	
  not	
  just	
  position.”	
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What	
  does	
  that	
  mean	
  for	
  the	
  practicing	
  high	
  school	
  science	
  teacher?	
  Gamoran’s	
  

work	
  takes	
  a	
  science	
  and	
  mathematics	
  focus	
  to	
  some	
  of	
  the	
  work	
  on	
  professional	
  learning	
  

communities	
  (Dufour	
  &	
  Eaker,	
  1998)	
  and	
  generally	
  progressive-­‐minded	
  school	
  reform	
  ide-­‐

as,	
  with	
  a	
  healthy	
  dose	
  of	
  2000-­‐style	
  business	
  management	
  thrown	
  in.	
  Both	
  Dufour	
  and	
  

Tim	
  Kanold,	
  who	
  followed	
  DuFour	
  as	
  superintendent	
  at	
  Stevenson	
  High	
  School	
  and	
  then	
  

later	
  as	
  a	
  professional	
  learning	
  community	
  advocate,	
  used	
  semester	
  and	
  final	
  exams	
  as	
  the	
  

“organizational	
  routine”	
  (Spillane,	
  2006)	
  to	
  initiate	
  and	
  sustain	
  their	
  professional	
  learning	
  

communities	
  (Kanold,	
  2003).	
  Halverson	
  describes	
  how	
  leadership	
  artifacts	
  “such	
  as	
  poli-­‐

cies,	
  programs	
  and	
  procedures”	
  are	
  the	
  heart	
  of	
  leadership	
  practice	
  and	
  can	
  be	
  used	
  to	
  cre-­‐

ate	
  the	
  sorts	
  of	
  schools	
  that	
  Gamoran	
  envisions,	
  and	
  that	
  the	
  TIMSS	
  and	
  PISA	
  assessments	
  

demand	
  (R.	
  R.	
  Halverson,	
  2003).	
  So	
  exploring	
  the	
  routine	
  of	
  semester	
  and	
  final	
  exams	
  will	
  

provide	
  insights	
  into	
  both	
  teacher	
  practice	
  and	
  leadership	
  at	
  the	
  local	
  school	
  level.	
  	
  

The	
  systemic	
  change	
  literature	
  will	
  also	
  certainly	
  be	
  important.	
  While	
  much	
  of	
  

Elmore’s	
  thinking	
  has	
  been	
  captured	
  in	
  both	
  the	
  writing	
  of	
  Gamoran	
  and	
  Spillane,	
  he	
  re-­‐

mains	
  a	
  giant	
  in	
  the	
  field.	
  In	
  Bridging	
  the	
  Gap	
  Between	
  Standards	
  and	
  Assessment	
  (Elmore,	
  

2002),	
  he	
  argues	
  for	
  the	
  importance	
  of	
  professional	
  development	
  and	
  general	
  transparen-­‐

cy,	
  as	
  schools	
  in	
  the	
  United	
  States	
  tend	
  to	
  isolate	
  and	
  ignore	
  the	
  “technical	
  core”	
  via	
  struc-­‐

tures	
  of	
  loose-­‐coupling.	
  I	
  suspect	
  that	
  as	
  the	
  content	
  and	
  curriculum	
  in	
  mathematics	
  and	
  

science	
  classrooms	
  becomes	
  more	
  transparent	
  via	
  an	
  analysis	
  of	
  teacher’s	
  values	
  and	
  as-­‐

sessment	
  practices,	
  issues	
  of	
  school	
  leadership	
  and	
  organization	
  will	
  follow.	
  Connecting	
  

these	
  will	
  have	
  major	
  systemic	
  implications,	
  perhaps	
  involving	
  the	
  way	
  schools	
  are	
  orga-­‐
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nized	
  or	
  the	
  preparation	
  of	
  teachers	
  and	
  principals.	
  This	
  literature	
  will	
  be	
  helpful	
  in	
  identi-­‐

fying	
  those	
  sorts	
  of	
  changes.	
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Chapter	
  3:	
  Conceptual	
  Framework	
  

Chapter	
  Introduction	
  

This	
  chapter	
  describes	
  the	
  conceptual	
  framework	
  that	
  will	
  be	
  used	
  to	
  organize	
  this	
  

research	
  project.	
  Beginning	
  where	
  I	
  left	
  off	
  with	
  the	
  previous	
  chapter,	
  I	
  will	
  identify	
  what	
  

the	
  literature	
  base	
  does	
  not	
  tell	
  us.	
  From	
  there,	
  I	
  develop	
  an	
  approach,	
  which	
  leads	
  to	
  the	
  

research	
  questions.	
  Following	
  those	
  questions,	
  I	
  discuss	
  the	
  data	
  set	
  I	
  will	
  use	
  to	
  generate	
  

findings,	
  as	
  well	
  as	
  how	
  my	
  own	
  background	
  influences	
  the	
  issues	
  at	
  play	
  here.	
  In	
  Chapter	
  

4,	
  I	
  will	
  describe	
  the	
  methodology	
  used	
  to	
  collect	
  and	
  analyze	
  the	
  data	
  for	
  this	
  research	
  

project.	
  

What	
  the	
  Research	
  Literature	
  Does	
  Not	
  Tell	
  Us	
  

In	
  chapter	
  2,	
  I	
  provided	
  an	
  overview	
  of	
  the	
  existing	
  literature	
  about	
  Chicago	
  educa-­‐

tion	
  reform,	
  with	
  a	
  focus	
  on	
  mathematics	
  and	
  science	
  improvement	
  efforts.	
  I	
  provided	
  

some	
  national	
  perspectives	
  on	
  high	
  school	
  science	
  teaching	
  and	
  learning,	
  described	
  the	
  

current	
  knowledge	
  base	
  about	
  science	
  assessments	
  and	
  assessment	
  systems,	
  and	
  the	
  histo-­‐

ry	
  of	
  national	
  science	
  standards.	
  I	
  reviewed	
  the	
  literature	
  on	
  science	
  standards	
  implemen-­‐

tation,	
  rigor,	
  and	
  impacts	
  at	
  scale.	
  

Two	
  related	
  issues	
  emerge	
  from	
  this	
  literature	
  review.	
  First,	
  it	
  is	
  clear	
  that	
  there	
  is	
  a	
  

gap	
  in	
  the	
  literature	
  base	
  when	
  it	
  comes	
  to	
  describing	
  both	
  the	
  content	
  and	
  the	
  level	
  of	
  ri-­‐

gor	
  in	
  Chicago	
  high	
  school	
  science	
  classrooms,	
  and	
  the	
  processes	
  by	
  which	
  schools	
  and	
  

teachers	
  make	
  decisions	
  about	
  which	
  content	
  to	
  cover,	
  the	
  level	
  of	
  rigor	
  to	
  demand,	
  and	
  the	
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nature	
  of	
  the	
  tasks	
  to	
  assign.	
  In	
  this	
  research,	
  I	
  will	
  explore	
  a	
  series	
  of	
  questions	
  to	
  advance	
  

our	
  understanding	
  of	
  these	
  assessment	
  dimensions.	
  Second,	
  this	
  gap	
  and	
  this	
  context	
  both	
  

imply	
  a	
  particularly	
  useful	
  theoretical	
  perspective	
  that	
  enable	
  a	
  unique	
  approach	
  to	
  an-­‐

swering	
  these	
  questions.	
  

I	
  will	
  address	
  each	
  of	
  these	
  in	
  turn	
  in	
  the	
  next	
  sections.	
  

Gaps	
  In	
  The	
  Research	
  Literature	
  

The	
  research	
  base	
  provides	
  clear	
  guidance	
  on	
  the	
  macro-­‐level	
  outcomes	
  of	
  high	
  

school	
  science	
  teaching,	
  learning,	
  and	
  leading	
  within	
  the	
  Chicago	
  Public	
  Schools.	
  The	
  mes-­‐

sage	
  is	
  clear:	
  student	
  scores	
  are	
  low,	
  performance	
  is	
  not	
  good	
  enough.	
  But	
  other	
  than	
  

broad-­‐brush	
  statements,	
  there	
  is	
  little	
  understanding	
  why	
  performance	
  remains	
  where	
  it	
  

does.	
  Policy	
  makers	
  and	
  leaders	
  talk	
  about	
  poor	
  leadership,	
  uneven	
  teacher	
  quality,	
  inco-­‐

herent	
  systems,	
  and	
  poor	
  funding,	
  but	
  their	
  explanations	
  rarely	
  dig	
  below	
  such	
  surface	
  

statements	
  to	
  provide	
  a	
  more	
  comprehensive	
  and	
  nuanced	
  explanation	
  for	
  why	
  the	
  per-­‐

formance	
  is	
  so	
  low.	
  At	
  the	
  school	
  and	
  classroom	
  level,	
  the	
  various	
  academic	
  and	
  content	
  

standards	
  provide	
  a	
  clear	
  sense	
  of	
  what	
  performance	
  should	
  look	
  like,	
  but	
  not	
  what	
  prac-­‐

tice	
  currently	
  looks	
  like	
  or	
  how	
  decisions	
  about	
  content	
  are	
  made—and	
  there	
  is	
  clear	
  evi-­‐

dence	
  from	
  the	
  literature	
  that	
  teachers	
  do	
  not	
  implement	
  standards	
  they	
  way	
  most	
  policy-­‐

makers	
  intend	
  them	
  to	
  (Spillane,	
  2004).	
  The	
  literature	
  does	
  not	
  describe	
  what	
  science	
  

teaching	
  practice	
  looks	
  like	
  within	
  Chicago	
  high	
  school	
  science	
  classrooms,	
  other	
  than	
  the	
  

results	
  as	
  captured	
  in	
  specific	
  and	
  rather	
  limited	
  standardized	
  assessments.	
  It	
  does	
  not	
  cre-­‐

ate	
  a	
  picture	
  of	
  practice	
  sufficient	
  to	
  connect	
  this	
  performance	
  to	
  teacher	
  decisions,	
  school	
  

and	
  leadership	
  supports,	
  and	
  district-­‐wide	
  performance	
  outcomes.	
  Answering	
  those	
  ques-­‐
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tions—about	
  the	
  content	
  teachers	
  focus	
  on	
  in	
  their	
  classrooms,	
  and	
  the	
  level	
  of	
  intellectual	
  

demand	
  they	
  use	
  in	
  their	
  classrooms,	
  and	
  teachers’	
  rationales	
  for	
  decisions	
  about	
  both—

will	
  be	
  the	
  focus	
  of	
  this	
  research.	
  

An	
  Approach	
  

The	
  gap	
  in	
  the	
  literature	
  base	
  described	
  above	
  also	
  highlights	
  a	
  promising	
  approach	
  

to	
  investigating	
  these	
  questions,	
  providing	
  a	
  warrant	
  to	
  address	
  these	
  questions	
  from	
  a	
  

particular	
  theoretical	
  perspective.	
  My	
  working	
  premise	
  is	
  that	
  teacher-­‐generated	
  end-­‐of-­‐

semester	
  high	
  school	
  science	
  exams	
  constitute	
  important	
  evidence	
  of	
  the	
  content	
  and	
  intel-­‐

lectual	
  demand	
  that	
  teachers	
  value	
  in	
  their	
  classrooms.	
  Collected	
  broadly,	
  these	
  exams	
  will	
  

provide	
  a	
  great	
  deal	
  of	
  information	
  about	
  the	
  content,	
  rigor,	
  and	
  assessment	
  practices	
  of	
  

CPS	
  science	
  teachers	
  across	
  the	
  district.	
  

What	
  are	
  high	
  school	
  end	
  of	
  semester	
  exams?	
  In	
  the	
  Chicago	
  Public	
  Schools,	
  they	
  are	
  

school	
  required,	
  teacher	
  generated,	
  summative	
  assessments	
  designed	
  to	
  assess	
  learning	
  of	
  

course	
  content	
  that	
  are	
  given	
  twice	
  each	
  course,	
  at	
  the	
  end	
  of	
  each	
  semester.	
  Exams	
  such	
  as	
  

these	
  have	
  a	
  long	
  history	
  and	
  tradition	
  in	
  American	
  education.	
  An	
  example	
  of	
  an	
  exam	
  from	
  

more	
  than	
  a	
  century	
  ago	
  was	
  recently	
  released	
  and	
  was	
  “apparently	
  a	
  big	
  deal”	
  for	
  all	
  those	
  

involved	
  (Bullitt	
  County	
  Geneological	
  Society,	
  1912).	
  It	
  is	
  reasonable	
  to	
  believe	
  that	
  virtual-­‐

ly	
  every	
  educator	
  active	
  today	
  experienced	
  final	
  exams	
  as	
  a	
  high-­‐stakes	
  assessment	
  in	
  high	
  

school	
  and	
  in	
  college;	
  they	
  were	
  ubiquitous	
  throughout	
  the	
  20th	
  century	
  and	
  into	
  the	
  21st.	
  

In	
  Chicago,	
  while	
  the	
  precise	
  degree	
  of	
  accountability	
  generally	
  varies	
  by	
  classroom,	
  high	
  

school	
  exams	
  are	
  clearly	
  still	
  “a	
  big	
  deal”—counting	
  for	
  a	
  sizable	
  portion	
  of	
  a	
  student’s	
  

grade	
  for	
  the	
  course.	
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Why	
  can	
  looking	
  at	
  teacher-­‐generated	
  end-­‐of-­‐semester	
  high	
  school	
  exams	
  tell	
  us	
  

anything	
  meaningful	
  about	
  instruction,	
  schools,	
  and	
  schooling?	
  There	
  are	
  several	
  reasons.	
  

It	
  Is	
  Part	
  Of	
  CPS	
  Practice	
  	
  

Organizational	
  routines	
  involve	
  “a	
  repetitive,	
  recognizable	
  pattern	
  of	
  interdepend-­‐

ent	
  actions,	
  involving	
  multiple	
  actors”	
  (Feldman	
  &	
  Pentland,	
  2003).	
  My	
  years	
  of	
  experience	
  

with	
  the	
  district	
  shows	
  that	
  end-­‐of-­‐semester	
  grades	
  and	
  final	
  exams	
  are	
  an	
  important	
  part	
  

of	
  the	
  district	
  routines—to	
  schools	
  they	
  are	
  a	
  “big	
  deal.”	
  Schedules	
  are	
  changed,	
  meetings	
  

are	
  held,	
  and	
  energy	
  is	
  expended	
  at	
  all	
  levels	
  of	
  the	
  school	
  in	
  the	
  hustle	
  to	
  write,	
  administer,	
  

score,	
  grade,	
  and	
  issue	
  grades	
  and	
  end-­‐of-­‐semester	
  report	
  cards.	
  This	
  makes	
  sense—at	
  the	
  

high	
  school	
  level,	
  the	
  goal	
  for	
  students	
  is	
  to	
  accumulate	
  graduation-­‐necessary	
  course	
  cred-­‐

its,	
  which	
  are	
  issued	
  each	
  semester	
  by	
  teachers	
  (Chicago	
  Public	
  Schools,	
  2004).	
  As	
  a	
  teach-­‐

er,	
  I	
  was	
  expected	
  to	
  write	
  and	
  administer	
  an	
  end-­‐of-­‐semester	
  final	
  exam	
  in	
  all	
  my	
  courses.	
  

As	
  an	
  administrator,	
  many	
  of	
  our	
  improvement	
  strategies	
  and	
  professional	
  development	
  

agendas	
  focused	
  on	
  assessment	
  and	
  the	
  end-­‐of-­‐course	
  exam	
  routine	
  (Wenzel,	
  2010).	
  While	
  

a	
  review	
  of	
  the	
  CPS	
  policies	
  (at	
  http://policies.cps.k12.il.us/)	
  reveals	
  no	
  hard-­‐and-­‐fast	
  rules	
  

about	
  end-­‐of-­‐course	
  exams,	
  communications	
  with	
  principals	
  informed	
  me	
  that	
  indeed,	
  local	
  

schools	
  make	
  policies	
  about	
  the	
  relative	
  importance	
  of	
  end-­‐of-­‐semester	
  exams	
  in	
  their	
  

classrooms	
  (Mather,	
  2014).	
  A	
  review	
  of	
  local	
  news	
  media	
  (Farmer	
  &	
  Selch,	
  2010)	
  and	
  blog	
  

posts	
  (Salazar,	
  2013)	
  finds	
  some	
  articles	
  advocating	
  for	
  fewer	
  and	
  less	
  significant	
  final	
  ex-­‐

ams,	
  evidence	
  that	
  end-­‐of-­‐semester	
  and	
  course	
  final	
  exams	
  are	
  a	
  “big	
  deal”	
  for	
  CPS	
  teach-­‐

ers.	
  Emerging	
  validation	
  studies	
  show	
  the	
  utility	
  of	
  classroom	
  artifacts	
  to	
  “illuminate	
  fea-­‐
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tures	
  of	
  instruction	
  not	
  apparent	
  even	
  through	
  direct	
  classroom	
  observation”	
  (Martínez,	
  

Borko,	
  &	
  Stecher,	
  2011)	
  which	
  given	
  the	
  centrality	
  of	
  the	
  high	
  school	
  end	
  of	
  semester	
  exam,	
  

clearly	
  make	
  this	
  an	
  aspect	
  of	
  high	
  school	
  teaching	
  and	
  learning	
  worth	
  studying.	
  

High	
  school	
  end	
  of	
  semester	
  exams	
  are	
  an	
  important	
  artifact	
  of	
  practice.	
  Since	
  these	
  

exams	
  are	
  all	
  generated	
  by	
  teachers,	
  and	
  have	
  high	
  accountability	
  for	
  students,	
  they	
  pro-­‐

vide	
  an	
  insightful	
  lens	
  into	
  the	
  decisions	
  teachers	
  make	
  about	
  the	
  content	
  and	
  skills	
  they	
  

think	
  are	
  most	
  important	
  for	
  students.	
  

Assessment	
  And	
  Instruction	
  Are	
  Tightly	
  Connected	
  

Second,	
  it	
  is	
  clear	
  that	
  assessment	
  and	
  instruction	
  are	
  tightly	
  connected.	
  John	
  Dewey	
  

made	
  this	
  connection	
  back	
  in	
  1916:	
  when	
  discussing	
  developing	
  classroom	
  instruction,	
  he	
  

commented	
  how	
  the	
  “aim”	
  or	
  goal	
  of	
  instruction	
  influences	
  all	
  that	
  comes	
  before:	
  “the	
  aim	
  

as	
  a	
  foreseen	
  end	
  gives	
  direction	
  to	
  the	
  activity...	
  it	
  influences	
  the	
  steps	
  taken	
  to	
  reach	
  the	
  

end”	
  (Dewey,	
  1916).	
  Moreover,	
  Dewey	
  also	
  promotes	
  a	
  notion	
  of	
  curriculum	
  as	
  experience;	
  

that	
  is,	
  if	
  students	
  experience	
  it,	
  then	
  it	
  is	
  part	
  of	
  the	
  curriculum	
  of	
  school,	
  and	
  therefore	
  

one	
  central	
  connection	
  between	
  assessment	
  and	
  instruction	
  exists	
  de	
  facto.	
  	
  

“Hence	
  to	
  develop	
  and	
  train	
  [the]	
  mind	
  is	
  to	
  provide	
  an	
  environment	
  
which	
  induces	
  such	
  activity.	
  On	
  the	
  other	
  side,	
  it	
  protects	
  us	
  from	
  the	
  no-­‐
tion	
  that	
  subject	
  matter	
  on	
  its	
  side	
  is	
  something	
  isolated	
  and	
  independ-­‐
ent.	
  It	
  shows	
  that	
  subject	
  matter	
  of	
  learning	
  is	
  identical	
  with	
  all	
  the	
  ob-­‐
jects,	
  ideas,	
  and	
  principles	
  which	
  enter	
  as	
  resources	
  or	
  obstacles	
  into	
  the	
  
continuous	
  intentional	
  pursuit	
  of	
  a	
  course	
  of	
  action.	
  ”	
  (Dewey,	
  1916)	
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Dewey	
  argues	
  that	
  the	
  subject	
  matter	
  is	
  not	
  isolated	
  and	
  independent,	
  but	
  part	
  of	
  the	
  over-­‐

all	
  experience	
  (the	
  “objects,	
  ideas,	
  and	
  principles”)	
  of	
  the	
  learner.	
  Assessments	
  are	
  part	
  of	
  

instruction.	
  Later	
  philosophers	
  of	
  education	
  have	
  connected	
  Dewey’s	
  ideas	
  to	
  formative	
  

assessment	
  (Kucey	
  &	
  Parsons,	
  2012)	
  and	
  professional	
  development	
  (Desimone,	
  Porter,	
  

Garet,	
  Yoon,	
  &	
  Birman,	
  2002).	
  Since	
  philosophically	
  assessment	
  and	
  instruction	
  are	
  so	
  in-­‐

terconnected,	
  even	
  inseparable	
  as	
  part	
  of	
  the	
  continuum	
  of	
  instructional	
  experience,	
  using	
  

teacher	
  generated	
  final	
  exams	
  as	
  strong	
  evidence	
  of	
  instruction	
  makes	
  sense;	
  exams	
  are	
  a	
  

part	
  of	
  that	
  instruction.	
  And	
  as	
  the	
  next	
  point	
  emphasizes,	
  exams	
  are	
  a	
  distinctively	
  im-­‐

portant	
  part.	
  

High	
  School	
  Exams	
  Are	
  Important	
  Tasks,	
  And	
  Tasks	
  Predict	
  Performance	
  

It	
  is	
  a	
  simple	
  fact	
  of	
  schooling	
  that	
  students	
  take	
  tests	
  seriously.	
  As	
  Doyle	
  mentions,	
  	
  

“Students	
  tend	
  to	
  take	
  seriously	
  only	
  that	
  work	
  for	
  which	
  they	
  are	
  held	
  
accountable.	
  If	
  no	
  answers	
  are	
  required	
  or	
  any	
  answer	
  is	
  accepted,	
  then	
  
few	
  students	
  will	
  actually	
  attend	
  to	
  the	
  content.”	
  (Doyle,	
  1983)	
  

But	
  exams	
  are	
  more	
  than	
  just	
  something	
  that	
  students	
  worry	
  about:	
  they	
  are	
  a	
  par-­‐

ticularly	
  powerful	
  and	
  common	
  academic	
  task.	
  Doyle	
  defines	
  academic	
  tasks	
  as:	
  

Academic	
  tasks	
  are	
  “(a)	
  the	
  products	
  students	
  are	
  to	
  formulate,	
  such	
  as	
  
an	
  original	
  essay	
  or	
  answers	
  to	
  a	
  set	
  of	
  questions;	
  (b)	
  the	
  operations	
  
that	
  are	
  used	
  to	
  generate	
  the	
  product,	
  such	
  as	
  memorizing	
  a	
  list	
  of	
  
words	
  or	
  classifying	
  examples	
  of	
  a	
  concept;	
  and	
  (c)	
  the	
  ‘givens’	
  or	
  re-­‐
sources	
  available	
  to	
  students	
  while	
  they	
  are	
  generating	
  a	
  product,	
  such	
  
as	
  a	
  model	
  of	
  a	
  finished	
  essay	
  supplied	
  by	
  a	
  teacher	
  or	
  a	
  fellow	
  student.”	
  
(Doyle,	
  1983)	
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High	
  school	
  end	
  of	
  semester	
  exams	
  clearly	
  fit	
  this	
  description.	
  Because	
  end	
  of	
  semester	
  ex-­‐

ams	
  occur	
  in	
  most	
  high	
  school	
  courses	
  and	
  are	
  largely	
  summative,	
  the	
  nature	
  of	
  the	
  aca-­‐

demic	
  tasks	
  that	
  they	
  are	
  comprised	
  of	
  can	
  be	
  a	
  powerful	
  indicator	
  of	
  the	
  learning	
  demands	
  

of	
  the	
  whole	
  course.	
  Richard	
  Elmore	
  uses	
  Doyle’s	
  definition	
  as	
  the	
  basis	
  for	
  his	
  construct	
  of	
  

the	
  “instructional	
  core,”	
  which	
  is,	
  loosely,	
  the	
  interaction	
  between	
  teachers,	
  students,	
  and	
  

content	
  (City,	
  Elmore,	
  Fiarman,	
  &	
  Teitel,	
  2009).	
  Elmore’s	
  “first	
  principle,”	
  that	
  “increases	
  in	
  

student	
  learning	
  occur	
  only	
  as	
  a	
  consequence	
  of	
  improvements	
  in	
  the	
  level	
  of	
  content,	
  

teachers’	
  knowledge	
  and	
  skill,	
  and	
  student	
  engagement,”	
  serves	
  as	
  a	
  powerful	
  lens	
  when	
  

analyzing	
  reform	
  efforts.	
  

Additionally,	
  task	
  predicts	
  performance.	
  Again,	
  from	
  Elmore:	
  	
  

“What	
  determines	
  what	
  students	
  know	
  and	
  are	
  able	
  to	
  do	
  is	
  not	
  what	
  
the	
  curriculum	
  says	
  they	
  are	
  supposed	
  to	
  do,	
  or	
  even	
  what	
  the	
  teacher	
  
thinks	
  he	
  or	
  she	
  is	
  asking	
  students	
  to	
  do.	
  What	
  predicts	
  performance	
  is	
  
what	
  students	
  are	
  actually	
  doing.	
  Memorization	
  tasks	
  produce	
  fluency	
  
in	
  memorization	
  and	
  recall,	
  not	
  necessarily	
  understanding.	
  Memorizing	
  
the	
  elements	
  of	
  the	
  periodic	
  table	
  is	
  not	
  the	
  same	
  as	
  understanding	
  the	
  
properties	
  of	
  the	
  elements.”	
  (City	
  et	
  al.,	
  2009)	
  

Certainly,	
  high	
  school	
  end-­‐of-­‐semester	
  exams	
  fit	
  these	
  criteria—they	
  are	
  clear	
  depictions	
  of	
  

what	
  students	
  actually	
  must	
  do,	
  with	
  considerable	
  stakes	
  attached.	
  Since	
  task	
  predicts	
  per-­‐

formance,	
  an	
  analysis	
  of	
  those	
  tasks	
  will	
  help	
  illuminate	
  important	
  aspects	
  of	
  teacher	
  and	
  

student	
  performance.	
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Teachers	
  Are	
  Taught	
  To	
  Align	
  Their	
  Assessment	
  To	
  Instruction	
  

Fourth,	
  there	
  is	
  evidence	
  that	
  teachers	
  are	
  taught	
  to	
  align	
  their	
  instruction	
  and	
  as-­‐

sessment	
  to	
  standards.	
  In	
  the	
  Chicago	
  Public	
  Schools	
  Design	
  For	
  High	
  Schools	
  from	
  1997,	
  a	
  

key	
  priority	
  is	
  “[teacher]	
  learning	
  opportunities...	
  to	
  [align]	
  curriculum	
  and	
  instruction	
  with	
  

standards	
  and	
  assessments”	
  (Schools,	
  1997).	
  Moreover,	
  schools	
  are	
  “required”	
  to	
  use	
  “the	
  

academic	
  standards	
  and	
  frameworks	
  to	
  drive	
  core	
  curriculum	
  and	
  instruction,”	
  which	
  as	
  

described	
  above,	
  also	
  includes	
  assessment.	
  In	
  2004,	
  the	
  CPS	
  board	
  policy	
  was	
  changed	
  to	
  

require	
  “students	
  have	
  passed	
  a	
  series	
  of	
  academically	
  challenging	
  courses	
  in	
  the	
  core	
  sub-­‐

ject	
  disciplines	
  of	
  English,	
  Mathematics,	
  Science	
  and	
  Social	
  Studies…	
  that	
  are	
  aligned	
  to	
  the	
  

Illinois	
  Learning	
  Standards”	
  [emphasis	
  in	
  the	
  original]	
  (Chicago	
  Public	
  Schools,	
  2004).	
  Giv-­‐

en	
  that	
  teachers	
  do	
  write	
  their	
  own	
  final	
  exams	
  and	
  are	
  told	
  to	
  and	
  taught	
  to	
  align	
  these	
  ex-­‐

ams	
  to	
  standards,	
  an	
  analysis	
  of	
  these	
  exams	
  should	
  provide	
  useful	
  insights	
  into	
  how	
  

teachers	
  go	
  about	
  the	
  business	
  of	
  determining	
  content	
  and	
  rigor	
  for	
  their	
  courses.	
  

Exposure	
  To	
  Concepts	
  Implies	
  Opportunity	
  To	
  Learn	
  

There	
  is	
  increasing	
  evidence	
  that	
  connects	
  students’	
  opportunity	
  to	
  learn	
  with	
  ac-­‐

cess	
  to	
  content.	
  When	
  exploring	
  this	
  issue	
  with	
  the	
  2012	
  PISA	
  exam,	
  Schmidt	
  and	
  col-­‐

leagues	
  comment:	
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Many	
  international	
  comparisons	
  of	
  education	
  over	
  the	
  past	
  50	
  years	
  
have	
  included	
  some	
  measure	
  of	
  students’	
  opportunity	
  to	
  learn	
  (OTL)	
  in	
  
their	
  schooling.	
  Results	
  have	
  typically	
  confirmed	
  the	
  common	
  sense	
  no-­‐
tion	
  that	
  a	
  student’s	
  exposure	
  in	
  school	
  to	
  the	
  assessed	
  concepts,	
  opera-­‐
tionalized	
  in	
  some	
  sort	
  of	
  time	
  metric,	
  is	
  related	
  to	
  what	
  the	
  student	
  has	
  
learned	
  as	
  measured	
  by	
  the	
  assessment.	
  (W.	
  H.	
  Schmidt	
  et	
  al.,	
  2014)	
  

Moreover,	
  there	
  is	
  increasing	
  evidence	
  that	
  thanks	
  to	
  a	
  reasonably	
  coherent	
  

worldview	
  of	
  mathematics	
  teaching	
  and	
  learning	
  starting	
  from	
  the	
  first	
  NCTM	
  standards	
  

(Usiskin,	
  2013),	
  the	
  alignment	
  between	
  standards,	
  assessments,	
  and	
  accountability	
  has	
  

contributed	
  to	
  the	
  larger	
  improvement	
  in	
  mathematics	
  NAEP	
  scores	
  when	
  compared	
  to	
  

reading	
  (Willingham	
  &	
  Grissmer,	
  2011).	
  Building	
  on	
  these	
  ideas,	
  it	
  is	
  quite	
  reasonable	
  to	
  

expect	
  that	
  an	
  analysis	
  of	
  teacher-­‐generated	
  assessments	
  and	
  the	
  nature	
  of	
  their	
  alignment	
  

to	
  other	
  assessments,	
  standards	
  and	
  instructional	
  resources	
  will	
  tell	
  us	
  something	
  useful	
  

about	
  the	
  opportunity	
  to	
  learn	
  in	
  Chicago	
  science	
  classrooms	
  and	
  the	
  ability	
  of	
  the	
  system	
  

to	
  collectively	
  improve.	
  

There	
  Is	
  No	
  Good	
  Reason	
  To	
  Reject	
  The	
  Premise	
  That	
  Final	
  Exams	
  Provide	
  Such	
  Evidence	
  

Finally,	
  the	
  chief	
  arguments	
  against	
  such	
  a	
  framework	
  do	
  not	
  hold	
  up	
  well	
  to	
  scruti-­‐

ny.	
  

Consider	
  one	
  possible	
  alternative:	
  science	
  teachers	
  do	
  not	
  value	
  the	
  final	
  exam	
  be-­‐

cause	
  the	
  most	
  important	
  assessment	
  takes	
  place	
  formatively,	
  throughout	
  the	
  course,	
  so	
  

they	
  construct	
  final	
  exams	
  without	
  expecting	
  them	
  to	
  demonstrate	
  what	
  has	
  been	
  taught	
  

and	
  learned.	
  If	
  this	
  were	
  true,	
  we	
  would	
  certainly	
  hear	
  about	
  it	
  in	
  the	
  research	
  about	
  as-­‐

sessment	
  practices	
  within	
  the	
  district.	
  In	
  the	
  largest	
  formative	
  assessment	
  pilot	
  done	
  in	
  the	
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district	
  over	
  the	
  past	
  ten	
  years—albeit	
  focused	
  on	
  mathematics	
  (Bogaert,	
  Fendt,	
  &	
  Vogele,	
  

2006)—there	
  is	
  no	
  reference	
  of	
  it.	
  In	
  the	
  history	
  of	
  science	
  improvement	
  efforts	
  in	
  Chicago	
  

(Wenzel,	
  2010),	
  there	
  is	
  no	
  description	
  of	
  this	
  either.	
  It	
  is	
  likely	
  the	
  district	
  wouldn’t	
  spend	
  

considerable	
  resources	
  on	
  assessment	
  tools	
  (see	
  

http://www.cps.edu/SchoolData/Pages/Assessment.aspx#sub2-­‐tab)	
  if	
  classroom	
  teachers	
  

had	
  the	
  formative	
  data	
  they	
  already	
  needed	
  on	
  hand.	
  	
  

Consider	
  a	
  second	
  possible	
  alternative:	
  teachers	
  are	
  forced	
  by	
  district	
  policy	
  to	
  use	
  

an	
  anemic	
  exam	
  that	
  has	
  no	
  consequence	
  for	
  grading	
  or	
  learning	
  and	
  bears	
  no	
  relationship	
  

to	
  teaching	
  and	
  learning.	
  As	
  mentioned	
  above,	
  there	
  is	
  no	
  CPS	
  policy	
  about	
  final	
  exams,	
  but	
  

a	
  clear	
  directive	
  that	
  course	
  grades	
  matter	
  for	
  students	
  in	
  the	
  high	
  school	
  promotion	
  policy.	
  

CPS	
  teachers	
  are	
  taught	
  and	
  told	
  to	
  align	
  their	
  instruction	
  and	
  courses	
  with	
  standards.	
  But	
  

as	
  we	
  will	
  see	
  in	
  Chapter	
  4,	
  it	
  was	
  relatively	
  easy	
  to	
  collect	
  final	
  exams	
  from	
  many	
  class-­‐

rooms,	
  and	
  not	
  only	
  are	
  the	
  all	
  different,	
  but	
  they	
  are	
  different	
  within	
  schools	
  for	
  the	
  same	
  

course.	
  That	
  would	
  not	
  be	
  the	
  case	
  if	
  district	
  policies	
  were	
  more	
  prescriptive.	
  

A	
  third	
  alternative	
  is	
  that	
  teachers	
  are	
  incredibly	
  inept	
  at	
  creating	
  final	
  exams,	
  so	
  the	
  

ones	
  they	
  create	
  bear	
  only	
  a	
  marginal	
  relationship	
  to	
  classroom	
  instruction:	
  	
  in	
  effect,	
  that	
  

teachers	
  teach	
  one	
  thing	
  but	
  test	
  another.	
  	
  Again,	
  there	
  is	
  little	
  or	
  no	
  evidence	
  to	
  support	
  

this	
  conjecture.	
  If	
  this	
  were	
  true,	
  given	
  the	
  attention	
  final	
  exams	
  have	
  as	
  a	
  routine	
  in	
  the	
  

system,	
  we	
  would	
  have	
  heard	
  about	
  by	
  now.	
  I	
  could	
  not	
  find	
  any	
  academic	
  or	
  mainstream	
  

literature	
  decrying	
  a	
  final	
  exam	
  problem	
  in	
  Chicago—at	
  the	
  very	
  least,	
  students	
  and	
  par-­‐

ents	
  would	
  be	
  pretty	
  upset	
  if	
  a	
  high	
  stakes	
  final	
  exam	
  didn’t	
  match	
  the	
  course	
  content.	
  

There	
  was	
  one	
  pro-­‐and-­‐con	
  article	
  in	
  the	
  Chicago	
  Tribune	
  about	
  final	
  exams	
  (Farmer	
  &	
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Selch,	
  2010)—indicating	
  there	
  might	
  be	
  some	
  debate	
  about	
  their	
  overall	
  utility,	
  and	
  one	
  

blog	
  post	
  (Salazar,	
  2013)	
  talks	
  about	
  final	
  exams	
  as	
  a	
  problem	
  more	
  for	
  the	
  grading	
  impli-­‐

cations	
  than	
  the	
  assessment	
  ones.	
  Neither	
  of	
  these	
  articles	
  is	
  about	
  science,	
  and	
  neither	
  is	
  

substantive	
  enough	
  to	
  think	
  that	
  teachers	
  don’t	
  take	
  the	
  final	
  exam	
  routine	
  seriously.	
  

In	
  sum,	
  there	
  just	
  is	
  not	
  any	
  good	
  evidence	
  that	
  teachers	
  do	
  not	
  take	
  final	
  exams	
  se-­‐

riously	
  as	
  indicators	
  of	
  what	
  has	
  been	
  taught	
  and	
  learned.	
  	
  Whether	
  they	
  are	
  adept	
  at	
  creat-­‐

ing	
  them	
  or	
  not,	
  teachers	
  expect	
  final	
  exams	
  to	
  tell	
  us	
  who	
  learned	
  what	
  in	
  the	
  course	
  of	
  a	
  

semester.	
  	
  Like	
  homework,	
  final	
  exams	
  are	
  a	
  part	
  of	
  what	
  Stigler	
  and	
  Hiebert	
  refer	
  to	
  as	
  the	
  

“culture	
  of	
  American	
  teaching”	
  (Stigler	
  &	
  Hiebert,	
  1999)	
  and	
  as	
  my	
  focus-­‐group	
  research	
  

confirms,	
  teachers	
  tend	
  to	
  believe	
  that	
  final	
  exams	
  matter.	
  

Conceptual	
  Framework	
  

As	
  mentioned	
  in	
  chapter	
  1,	
  I	
  will	
  use	
  teacher-­‐generated	
  end-­‐of-­‐semester	
  exams	
  as	
  

actual	
  artifacts	
  of	
  individual	
  classroom	
  practice.	
  In	
  doing	
  so,	
  I	
  will	
  be	
  able	
  to	
  explore	
  an	
  im-­‐

portant	
  part	
  of	
  the	
  technical	
  core	
  of	
  high	
  school	
  science	
  teaching	
  and	
  learning—both	
  the	
  

specific	
  routine	
  of	
  “the	
  final	
  exam”	
  as	
  it	
  exists	
  in	
  Chicago	
  high	
  school	
  science	
  classrooms,	
  

but	
  also	
  the	
  degree	
  to	
  which	
  those	
  final	
  exams	
  do	
  or	
  do	
  not	
  have	
  any	
  connection	
  to	
  the	
  in-­‐

structional	
  practices	
  of	
  teachers.	
  I	
  expect	
  to	
  create	
  a	
  picture	
  of	
  classroom	
  practice	
  that	
  ex-­‐

plains,	
  based	
  on	
  these	
  documents,	
  what	
  high	
  school	
  science	
  teachers	
  in	
  Chicago	
  value	
  about	
  

the	
  content	
  they	
  teach,	
  how	
  they	
  organize	
  that	
  content,	
  and	
  the	
  sort	
  of	
  demands	
  they	
  ex-­‐

pect	
  of	
  their	
  students.	
  In	
  the	
  discussion	
  above,	
  I	
  showed	
  that	
  the	
  literature	
  base	
  does	
  not	
  

currently	
  answer	
  these	
  questions.	
  I	
  also	
  demonstrated	
  that	
  we	
  can	
  learn	
  something	
  im-­‐

portant	
  about	
  science	
  instruction	
  by	
  analyzing	
  final	
  exams—or	
  more	
  pointedly,	
  that	
  final	
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exams	
  provide	
  important	
  evidence	
  about	
  the	
  instructional	
  core.	
  	
  I	
  will	
  now	
  specific	
  the	
  re-­‐

search	
  questions	
  that	
  will	
  drive	
  this	
  endeavor.	
  

Research	
  Questions	
  

As	
  Hatch	
  mentions,	
  “identifying	
  research	
  questions	
  is	
  a	
  critical	
  step	
  in	
  research	
  de-­‐

sign	
  because	
  questions	
  give	
  direction	
  to	
  the	
  study,	
  limit	
  the	
  scope	
  of	
  the	
  investigation,	
  and	
  

provide	
  a	
  device	
  for	
  evaluating	
  progress	
  and	
  satisfactory	
  completion”	
  (Hatch,	
  2002,	
  page	
  

41).	
  Using	
  a	
  large	
  collection	
  of	
  high	
  school	
  science	
  teacher	
  generated	
  end	
  of	
  semester	
  ex-­‐

ams,	
  I	
  have	
  explored	
  what	
  is	
  happening	
  in	
  high	
  school	
  science	
  classrooms	
  in	
  the	
  Chicago	
  

Public	
  Schools,	
  determining	
  the	
  depth	
  and	
  breadth	
  of	
  science	
  content	
  in	
  Chicago	
  public	
  

high	
  schools,	
  and	
  how	
  classroom	
  teachers	
  measure	
  it.	
  This	
  is	
  framed	
  by	
  the	
  following	
  three	
  

questions.	
  

1.	
   Content:	
  What	
  content	
  is	
  addressed	
  by	
  Chicago	
  high	
  school	
  science	
  teachers	
  in	
  

the	
  courses	
  they	
  teach,	
  as	
  reflected	
  in	
  the	
  assessments	
  they	
  use?	
  How	
  does	
  this	
  

content	
  relate	
  to	
  state	
  and	
  national	
  standards?	
  How	
  are	
  topics	
  with	
  important	
  

reform	
  or	
  societal	
  connotations	
  (e.g.	
  evolution,	
  the	
  environment,	
  inquiry,	
  nature	
  

of	
  science)	
  treated?	
  Finally,	
  does	
  the	
  content	
  indicate	
  anything	
  about	
  what	
  the	
  

teachers	
  value,	
  or	
  are	
  there	
  other	
  explanations	
  for	
  why	
  some	
  content	
  is	
  included	
  

and	
  other	
  content	
  not?	
  

2.	
   Rigor:	
  What	
  is	
  the	
  level	
  of	
  “academic	
  press”	
  associated	
  with	
  Chicago	
  high	
  school	
  

science	
  courses,	
  as	
  reflected	
  in	
  the	
  assessments	
  used	
  in	
  the	
  courses	
  they	
  teach?	
  

How	
  does	
  this	
  level	
  vary	
  between	
  schools?	
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3.	
   Assessment	
  Literacy:	
  What	
  does	
  local	
  assessment	
  design,	
  particularly	
  on	
  final	
  

exams,	
  say	
  about	
  the	
  level	
  of	
  assessment	
  literacy	
  of	
  CPS	
  high	
  school	
  science	
  

teachers?	
  Are	
  there	
  explanations	
  other	
  than	
  “assessment	
  literacy”	
  that	
  might	
  ex-­‐

plain	
  trends	
  in	
  design	
  of	
  these	
  final	
  exams?	
  

Theoretical	
  Perspective	
  

This	
  research	
  creates	
  a	
  picture	
  of	
  practice	
  at	
  the	
  classroom	
  level.	
  As	
  such,	
  it	
  is	
  cer-­‐

tainly	
  much	
  more	
  theory	
  development	
  and	
  hypothesis	
  generation	
  than	
  theory	
  application	
  

or	
  hypothesis	
  testing.	
  The	
  practices	
  of	
  determining	
  curriculum,	
  selecting	
  instructional	
  ma-­‐

terials,	
  identifying	
  topics,	
  sequencing	
  concepts,	
  designing	
  and	
  delivering	
  instruction,	
  ad-­‐

dressing	
  rigor,	
  and	
  then	
  designing	
  and	
  administering	
  assessments	
  constitutes	
  an	
  opaque	
  

process	
  in	
  most	
  high	
  school	
  science	
  classrooms	
  (Weick,	
  1976).	
  The	
  bulk	
  of	
  my	
  research	
  

work	
  consists	
  of	
  collecting	
  and	
  analyzing	
  data	
  in	
  the	
  form	
  of	
  teacher-­‐generated	
  final	
  exams	
  

that	
  describes	
  in	
  very	
  concrete	
  terms	
  the	
  instructional	
  decisions	
  that	
  are	
  made	
  by	
  teachers	
  

and	
  teams	
  of	
  teachers;	
  from	
  this,	
  I	
  will	
  then	
  craft	
  some	
  hypotheses	
  that	
  might	
  explain	
  the	
  

sense-­‐making	
  processes	
  teachers	
  and	
  school	
  use,	
  with	
  implications	
  to	
  leadership,	
  school	
  

organization,	
  and	
  policy.	
  

However,	
  late	
  2013	
  is	
  an	
  exciting	
  time	
  for	
  science	
  education	
  and	
  positioning	
  this	
  re-­‐

search	
  within	
  the	
  history	
  of	
  science	
  education	
  is	
  important.	
  In	
  2012,	
  the	
  National	
  Academy	
  

of	
  Science	
  released	
  the	
  Framework	
  For	
  K-­‐12	
  Science:	
  Practices,	
  Crosscutting	
  Concepts,	
  and	
  

Core	
  Ideas,	
  which	
  defines	
  the	
  science	
  content	
  American	
  students	
  should	
  know	
  (National	
  

Research	
  Council,	
  2012).	
  Last	
  year,	
  Achieve,	
  Inc.	
  released	
  the	
  Next	
  Generation	
  Science	
  

Standards	
  (NGSS),	
  a	
  set	
  of	
  content	
  standards	
  developed	
  by	
  states	
  based	
  on	
  the	
  Framework	
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(NGSS	
  Lead	
  States,	
  2013a).	
  These	
  new	
  standards	
  have	
  already	
  been	
  adopted	
  by	
  six	
  states,	
  

with	
  others—including	
  Illinois—ready	
  to	
  adopt	
  them	
  soon.	
  They	
  represent	
  a	
  dramatic	
  

change	
  in	
  vision	
  and	
  substance	
  from	
  the	
  existing	
  Illinois	
  standards	
  (Jackson	
  et	
  al.,	
  2013)	
  

and	
  an	
  unprecedented	
  event	
  in	
  the	
  history	
  of	
  science	
  education	
  in	
  the	
  United	
  States	
  

(DeBoer,	
  1991).	
  We	
  do	
  not	
  have	
  many	
  reasons	
  to	
  believe	
  that	
  instructional	
  practice	
  has	
  

shifted	
  dramatically	
  in	
  the	
  past	
  decade	
  in	
  science	
  classrooms	
  since	
  the	
  previous	
  set	
  of	
  Illi-­‐

nois	
  science	
  standards,	
  but	
  to	
  reach	
  the	
  goals	
  of	
  the	
  NGSS	
  will	
  clearly	
  require	
  dramatic	
  

change.	
  In	
  this	
  context	
  and	
  history,	
  this	
  study	
  serves	
  to	
  set	
  a	
  baseline	
  that	
  describes	
  current	
  

science	
  teaching	
  and	
  learning	
  practice.	
  As	
  the	
  new	
  standards	
  are	
  adopted—with	
  all	
  the	
  

curriculum,	
  assessments,	
  and	
  supports	
  that	
  are	
  implied—we	
  should	
  hope	
  to	
  see	
  changes	
  in	
  

instructional	
  practice	
  that	
  lead	
  to	
  more	
  student	
  learning.	
  This	
  research	
  seeks	
  to	
  empirically	
  

define	
  the	
  starting	
  point	
  for	
  those	
  efforts.	
  We	
  should	
  hope	
  that	
  a	
  similar	
  study,	
  conducted	
  

say	
  5	
  years	
  after	
  NGSS	
  implementation	
  begins	
  in	
  Chicago,	
  would	
  hope	
  to	
  highlight	
  different	
  

results.	
  

The	
  10-­‐Year	
  Old	
  Data	
  Problem	
  

As	
  mentioned	
  in	
  the	
  first	
  chapter,	
  the	
  set	
  of	
  teacher	
  generated	
  end-­‐of-­‐semester	
  final	
  

exams	
  I	
  will	
  use	
  to	
  answer	
  these	
  questions	
  is	
  from	
  the	
  2003-­‐04	
  and	
  2004-­‐05	
  school	
  years.	
  

This	
  is	
  data	
  that	
  is	
  ten	
  years	
  ago.	
  Can	
  we	
  expect	
  data	
  this	
  old	
  to	
  tell	
  us	
  anything	
  of	
  value?	
  I	
  

believe	
  we	
  can,	
  for	
  the	
  following	
  reasons.	
  

First,	
  we	
  can	
  use	
  this	
  to	
  benchmark	
  a	
  point	
  in	
  time.	
  This	
  data	
  will	
  describe	
  class-­‐

room	
  and	
  teacher	
  practice	
  in	
  the	
  past	
  as	
  a	
  benchmark.	
  Subsequent	
  changes	
  in	
  instructional	
  

practice	
  and	
  schools	
  could	
  or	
  should	
  be	
  expected	
  to	
  show	
  changes	
  in	
  the	
  design	
  and	
  con-­‐



 

 

40 

struction	
  of	
  teacher	
  generated	
  end-­‐of-­‐course	
  exams,	
  and	
  when	
  that	
  study	
  is	
  done	
  the	
  re-­‐

sults	
  could	
  be	
  compared	
  to	
  this	
  data.	
  Logistically	
  and	
  practically,	
  there	
  is	
  no	
  way	
  to	
  retroac-­‐

tively	
  collect	
  this	
  information,	
  so	
  using	
  what	
  we	
  have	
  now	
  makes	
  good	
  sense.	
  

Second,	
  with	
  this	
  study	
  I	
  am	
  in	
  part	
  confirming	
  the	
  approach.	
  As	
  I	
  will	
  argue	
  in	
  chap-­‐

ter	
  6,	
  the	
  sampling	
  and	
  analysis	
  methodology	
  that	
  I	
  am	
  using	
  here	
  to	
  make	
  claims	
  about	
  

classroom	
  practice	
  and	
  instruction	
  does	
  not	
  depend	
  on	
  the	
  school	
  year	
  or	
  the	
  amount	
  of	
  

time	
  that	
  has	
  passed,	
  and	
  returns	
  useful	
  insights	
  about	
  schools	
  and	
  classrooms	
  in	
  a	
  fashion	
  

that	
  is	
  both	
  trustworthy	
  and	
  affordable.	
  The	
  approach	
  is	
  worth	
  exploring,	
  regardless	
  of	
  the	
  

age	
  of	
  the	
  data.	
  

My	
  Background	
  

My	
  experiences	
  as	
  a	
  curriculum	
  developer	
  and	
  teacher	
  have	
  certainly	
  colored	
  this	
  

work.	
  As	
  a	
  former	
  science	
  teacher	
  who	
  has	
  studied	
  and	
  developed	
  curriculum	
  using	
  ideas	
  

about	
  conceptual	
  flow,	
  learning	
  progressions,	
  and	
  a	
  sensibility	
  about	
  misconceptions	
  (The	
  

Geographical	
  Data	
  in	
  Education	
  (GEODE)	
  Initiative,	
  2005),	
  my	
  analytic	
  lens	
  certainly	
  been	
  

shaped	
  by	
  those	
  sources.	
  As	
  a	
  district	
  leader	
  who	
  has	
  used	
  and	
  championed	
  instruction-­‐

based	
  reforms	
  to	
  improve	
  student	
  learning,	
  understanding	
  how	
  teachers	
  and	
  leaders	
  col-­‐

lectively	
  make	
  sense	
  about	
  the	
  content	
  that	
  is	
  taught	
  and	
  the	
  instruction	
  that	
  is	
  subse-­‐

quently	
  delivered	
  is	
  front-­‐and-­‐center	
  to	
  my	
  work.	
  My	
  generally	
  progressive	
  viewpoint,	
  

meshed	
  with	
  a	
  firm	
  grounding	
  in	
  science	
  content	
  and	
  epistemology,	
  will	
  certainly	
  bring	
  my	
  

focus	
  back	
  again	
  to	
  the	
  content	
  at	
  hand.	
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And	
  my	
  own	
  background	
  as	
  a	
  district	
  leader	
  clearly	
  complicates	
  things.	
  I	
  had	
  an	
  in-­‐

tegral	
  role	
  in	
  leading	
  science	
  education	
  improvements	
  in	
  the	
  Chicago	
  Public	
  Schools	
  from	
  

2002	
  to	
  2009.	
  As	
  leader,	
  my	
  charge	
  was	
  to	
  champion	
  and	
  drive	
  the	
  sorts	
  of	
  policies	
  and	
  

programs	
  that	
  will	
  enhance	
  student	
  achievement	
  at	
  all	
  levels,	
  and	
  the	
  work	
  that	
  has	
  result-­‐

ed	
  from	
  the	
  exam	
  repository	
  to	
  some	
  degree	
  comes	
  from	
  my	
  own	
  vision.	
  While	
  there	
  is	
  not	
  

an	
  ethical	
  conflict	
  with	
  pursuing	
  these	
  lines	
  of	
  inquiry,	
  surfacing	
  my	
  role	
  as	
  the	
  district’s	
  

curriculum	
  leader	
  in	
  this	
  case	
  is	
  essential.	
  One	
  of	
  my	
  intentions	
  in	
  pursuing	
  this	
  line	
  of	
  

study	
  is	
  to	
  learn	
  about	
  the	
  practice	
  of	
  teaching	
  and	
  learning	
  science	
  in	
  a	
  manner	
  that	
  in-­‐

forms	
  the	
  practice	
  of	
  district	
  leadership.	
  

Essentially,	
  then,	
  this	
  becomes	
  my	
  approach:	
  Little	
  information	
  exists	
  that	
  describes	
  

the	
  technical	
  core	
  of	
  high	
  school	
  science	
  teaching	
  and	
  learning,	
  apart	
  from	
  broad	
  high	
  level	
  

evaluation	
  documents	
  that	
  describe	
  poor	
  student	
  performance	
  based	
  on	
  large	
  scale	
  as-­‐

sessments	
  or	
  scholarly	
  treatises	
  based	
  on	
  hothouse	
  examples	
  that	
  tell	
  policy-­‐makers	
  what	
  

to	
  do.	
  	
  Through	
  this	
  research,	
  I	
  have	
  attempted	
  to	
  generate	
  something	
  in	
  between,	
  which	
  

collects	
  many	
  artifacts	
  of	
  instructional	
  practice,	
  synthesizes	
  meaning	
  among	
  and	
  between	
  

them,	
  and	
  then	
  connects	
  that	
  analysis	
  to	
  system-­‐level	
  data	
  about	
  organization	
  and	
  perfor-­‐

mance,	
  and	
  identifies	
  the	
  at-­‐scale	
  implications.	
  

Since	
  I	
  have	
  taught	
  high	
  school	
  science	
  for	
  nine	
  years,	
  and	
  been	
  involved	
  in	
  district	
  

science	
  leadership	
  for	
  several	
  more,	
  issues	
  that	
  connect	
  teaching	
  and	
  learning	
  with	
  school	
  

leadership	
  are	
  close	
  to	
  my	
  heart.	
  There	
  is	
  an	
  increasing	
  demand	
  to	
  improve	
  mathematics	
  

and	
  science	
  education	
  throughout	
  the	
  United	
  States	
  (Members	
  of	
  the	
  2005	
  "Rising	
  Above	
  

the	
  Gathering	
  Storm"	
  Committee,	
  2010),	
  with	
  issues	
  of	
  science,	
  technology,	
  engineering,	
  



 

 

42 

and	
  mathematics	
  (STEM)	
  education	
  receiving	
  direct	
  attention	
  from	
  President	
  Obama	
  (The	
  

White	
  House,	
  2012),	
  yet	
  the	
  research	
  base	
  about	
  what	
  is	
  actually	
  happening	
  at	
  the	
  class-­‐

room	
  level	
  is	
  remarkably	
  thin.	
  While	
  standardized	
  test	
  scores	
  provide	
  a	
  measure	
  of	
  

achievement	
  outcomes,	
  a	
  more	
  intense	
  look	
  at	
  what	
  is	
  taught	
  in	
  high	
  school	
  science	
  class-­‐

rooms,	
  using	
  the	
  lens	
  of	
  what	
  teachers	
  actually	
  assign	
  and	
  assess,	
  will	
  give	
  school	
  leaders,	
  

district	
  administrators,	
  and	
  policymakers	
  a	
  more	
  complete	
  picture	
  of	
  the	
  current	
  state	
  and	
  

implications	
  for	
  change.	
  

Chapter	
  Conclusion	
  

In	
  this	
  chapter,	
  I	
  identified	
  the	
  gaps	
  in	
  the	
  literature	
  base	
  that	
  was	
  surveyed	
  in	
  chap-­‐

ter	
  2.	
  I	
  posited	
  an	
  approach	
  that	
  both	
  helps	
  to	
  fill	
  the	
  gaps	
  in	
  the	
  research	
  base	
  and	
  is	
  based	
  

on	
  an	
  analysis	
  of	
  teacher-­‐generated	
  end-­‐of-­‐course	
  final	
  exams.	
  Based	
  on	
  this	
  information,	
  I	
  

articulated	
  my	
  research	
  questions,	
  explained	
  how	
  my	
  background	
  frames	
  my	
  understand-­‐

ing	
  of	
  them,	
  and	
  discussed	
  the	
  data	
  that	
  will	
  be	
  used	
  to	
  generate	
  findings.	
  In	
  the	
  next	
  chap-­‐

ter,	
  I	
  will	
  discuss	
  the	
  methods	
  I	
  used	
  to	
  generate	
  answers	
  to	
  these	
  questions.	
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Chapter	
  4:	
  Methodology	
  

Introduction	
  

In	
  this	
  chapter,	
  I	
  will	
  describe	
  the	
  methods	
  used	
  to	
  collect	
  and	
  analyze	
  the	
  data	
  to	
  

answer	
  the	
  research	
  questions	
  described	
  in	
  the	
  previous	
  chapter.	
  

Methods	
  Overview	
  

A	
  summary	
  of	
  the	
  sources	
  of	
  evidence,	
  the	
  particular	
  measures,	
  and	
  the	
  research	
  ac-­‐

tivities	
  used	
  by	
  research	
  question	
  are	
  displayed	
  on	
  Table	
  1.	
  The	
  primary	
  evidence	
  source	
  

used	
  to	
  generate	
  these	
  answers	
  is	
  many	
  teacher-­‐generated	
  end	
  of	
  semester	
  exams,	
  plus	
  a	
  

focus	
  group	
  discussion	
  of	
  Chicago	
  Public	
  Schools	
  (CPS)	
  high	
  school	
  science	
  teachers.	
  

Measures	
  for	
  content	
  and	
  rigor	
  came	
  from	
  the	
  chosen	
  analysis	
  tool,	
  the	
  Survey	
  of	
  Enacted	
  

Curriculum	
  (Rolf	
  K.	
  Blank,	
  Porter,	
  &	
  Smithson,	
  2001),	
  as	
  described	
  below;	
  measures	
  for	
  

assessment	
  literacy	
  came	
  from	
  an	
  anaylsis	
  of	
  item	
  type	
  distribution	
  and	
  from	
  focus	
  group	
  

comments.	
  There	
  are	
  three	
  primary	
  research	
  activity	
  types	
  involved:	
  document	
  collection	
  

and	
  review,	
  frequency	
  counting	
  (and	
  associated	
  statistics)	
  based	
  on	
  the	
  data	
  set	
  of	
  

assessments	
  and	
  items,	
  and	
  analyzing	
  the	
  focus	
  group	
  transcrips.	
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Research	
  Questions	
   Evidence	
  	
   Measure	
   Research	
  Activity	
  

1	
   Content	
   Teacher-­‐generated	
  
high	
  school	
  science	
  
semester	
  exams	
  
collected	
  from	
  
2003-­‐05;	
  Focus	
  
group	
  of	
  CPS	
  high	
  
school	
  science	
  
teachers	
  

Item	
  content	
  
scores	
  on	
  the	
  
Survey	
  Of	
  Enacted	
  
Curriculum	
  

Document	
  review	
  

Frequency	
  counting	
  
Transcript	
  analysis	
  

2	
   Rigor	
   Item	
  cognitive	
  
demand	
  scores	
  
on	
  the	
  Survey	
  of	
  
Enacted	
  
Curriculum	
  

Document	
  review	
  
Frequency	
  counting	
  

Transcript	
  analysis	
  

3	
   Assessment	
  
Literacy	
  

Item	
  type	
  and	
  
distribution,	
  

Focus	
  group	
  
comments	
  

Transcript	
  analysis	
  

Table 1: Evidence, Measures, and Research Activities by Research Question 

The	
  Recipe	
  

While	
  details	
  follow	
  in	
  the	
  sections	
  below,	
  what	
  follows	
  is	
  the	
  step-­‐by-­‐step	
  process	
  

used	
  to	
  collect	
  this	
  data	
  and	
  conduct	
  the	
  research.	
  

1. Collect	
  exams.	
  As	
  part	
  of	
  my	
  work	
  for	
  the	
  Chicago	
  Math	
  &	
  Science	
  Initiative,	
  I	
  col-­‐

lected	
  end-­‐of-­‐semester	
  exams	
  from	
  every	
  Chicago	
  high	
  school	
  that	
  we	
  could.	
  These	
  

exams	
  were	
  scanned	
  to	
  PDFs,	
  labeled	
  with	
  a	
  school	
  identifier	
  number,	
  and	
  orga-­‐

nized	
  into	
  an	
  electronic	
  database.	
  

2. Identify	
  schools.	
  Using	
  the	
  publically	
  released	
  data	
  available	
  for	
  the	
  Chicago	
  Public	
  

Schools,	
  I	
  generated	
  lists	
  of	
  all	
  high	
  schools	
  in	
  the	
  district,	
  including	
  demographic	
  

and	
  performance	
  data.	
  This	
  information	
  was	
  added	
  to	
  the	
  electronic	
  database.	
  



 

 

45 

3. Organize	
  school	
  and	
  exam	
  data	
  tables.	
  Since	
  the	
  exams	
  spanned	
  multiple	
  schools,	
  

courses,	
  semesters,	
  and	
  school	
  years,	
  a	
  relational	
  database	
  was	
  created	
  to	
  track	
  and	
  

organize	
  all	
  this	
  information.	
  Each	
  exam	
  has	
  multiple	
  questions,	
  adding	
  an	
  addition-­‐

al	
  dimension	
  to	
  the	
  data.	
  

4. Code	
  exams	
  for	
  content	
  and	
  intellectual	
  demand.	
  Using	
  a	
  well-­‐established	
  proto-­‐

col	
  and	
  a	
  team	
  of	
  trained	
  reviewers,	
  each	
  question	
  on	
  each	
  exam	
  was	
  coded	
  for	
  item	
  

type,	
  content,	
  and	
  intellectual	
  demand.	
  Since	
  discerning	
  this	
  information	
  involved	
  

some	
  professional	
  judgment	
  on	
  the	
  part	
  of	
  the	
  reviewer,	
  a	
  mechanism	
  was	
  estab-­‐

lished	
  to	
  maximize	
  inter-­‐rater	
  reliability	
  and	
  minimize	
  time	
  to	
  perform	
  this	
  work.	
  

5. Test	
  findings	
  in	
  a	
  teacher	
  focus	
  group.	
  I	
  convened	
  a	
  focus	
  group	
  of	
  Chicago	
  high	
  

school	
  science	
  teachers	
  to	
  discuss	
  the	
  nature	
  of	
  high	
  school	
  science	
  exams	
  in	
  Chica-­‐

go	
  and	
  to	
  get	
  their	
  perspective	
  on	
  the	
  findings	
  that	
  were	
  emerging	
  from	
  the	
  data.	
  

6. Generate	
  findings.	
  Queries	
  of	
  the	
  database	
  are	
  used	
  to	
  generate	
  findings.	
  This	
  pro-­‐

cess	
  is	
  explained	
  in	
  more	
  detail	
  in	
  the	
  next	
  chapter;	
  essentially,	
  fields	
  can	
  be	
  sorted	
  

and	
  filtered	
  to	
  compare	
  items	
  (and	
  proportions	
  of	
  items)	
  by	
  course	
  type,	
  school	
  

type,	
  and	
  other	
  variables.	
  These	
  findings	
  are	
  then	
  matched	
  and	
  connected	
  to	
  themes	
  

that	
  emerged	
  from	
  the	
  focus	
  group.	
  

7. Turn	
  findings	
  into	
  analysis.	
  In	
  the	
  last	
  chapter,	
  I	
  will	
  take	
  the	
  list	
  of	
  findings	
  and	
  

explain	
  what	
  they	
  mean,	
  in	
  light	
  of	
  both	
  school	
  practice	
  and	
  the	
  current	
  literature.	
  I	
  

will	
  explain	
  what	
  various	
  levels	
  of	
  leadership	
  can	
  and	
  should	
  do	
  to	
  address	
  some	
  of	
  

these	
  findings,	
  the	
  implications	
  for	
  practice	
  at	
  the	
  school	
  and	
  district	
  level,	
  and	
  im-­‐

plications	
  for	
  future	
  research.	
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Organizing	
  Data	
  

Since	
  this	
  research	
  involves	
  many	
  exams	
  across	
  many	
  schools,	
  each	
  with	
  many	
  

questions,	
  organizing	
  this	
  “document	
  review”	
  information	
  is	
  a	
  major	
  challenge.	
  The	
  end	
  

products	
  of	
  the	
  document	
  review	
  work	
  were	
  three	
  related	
  database	
  tables.	
  The	
  three	
  data	
  

tables	
  are	
  linked	
  to	
  one	
  another	
  and	
  are	
  analyzed	
  mostly	
  via	
  frequency	
  counts	
  and	
  propor-­‐

tions.	
  When	
  coupled	
  with	
  the	
  focus	
  group	
  transcript,	
  this	
  presents	
  a	
  robust	
  and	
  unified	
  

source	
  of	
  data	
  from	
  which	
  to	
  generate	
  findings.	
  

The	
  first	
  data	
  table,	
  called	
  the	
  “school	
  table,”	
  describes	
  school	
  characteristics	
  based	
  

on	
  performance	
  and	
  demographics.	
  This	
  includes	
  information	
  about	
  the	
  school’s	
  perfor-­‐

mance,	
  location,	
  demographic	
  make-­‐up,	
  and	
  similar	
  characteristics,	
  all	
  pulled	
  from	
  official	
  

Chicago	
  Public	
  School	
  sources.	
  

The	
  second,	
  called	
  “exam	
  table,”	
  describes	
  each	
  of	
  the	
  exams	
  that	
  I	
  collected.	
  Each	
  

exam	
  was	
  identified	
  by	
  course	
  name,	
  by	
  school	
  year,	
  by	
  semester,	
  and	
  by	
  school.	
  By	
  com-­‐

bining	
  the	
  school	
  table	
  and	
  the	
  exam	
  table,	
  I	
  can	
  ensure	
  that	
  I	
  have	
  an	
  appropriate	
  mix	
  of	
  

content,	
  geography,	
  and	
  school	
  year	
  in	
  my	
  sample	
  of	
  data.	
  The	
  exam	
  table	
  also	
  includes	
  da-­‐

ta	
  about	
  the	
  exam	
  as	
  a	
  whole,	
  such	
  as	
  the	
  number	
  of	
  items	
  on	
  the	
  exam.	
  

The	
  third	
  table,	
  called	
  the	
  “item	
  table,”	
  contains	
  item	
  level	
  data	
  for	
  every	
  exam	
  in	
  the	
  

study.	
  This	
  table	
  includes	
  a	
  description	
  of	
  every	
  exam	
  question,	
  the	
  content	
  assessed,	
  and	
  

the	
  level	
  of	
  cognitive	
  demand	
  a	
  correct	
  answer	
  requires.	
  Since	
  making	
  these	
  determina-­‐

tions	
  involves	
  some	
  degree	
  of	
  subjectivity,	
  to	
  generate	
  this	
  table	
  I	
  needed	
  to	
  devise	
  a	
  pro-­‐

cess	
  to	
  engage	
  multiple	
  reviewers	
  of	
  each	
  item	
  and	
  verify	
  that	
  the	
  coding	
  process	
  was	
  accu-­‐

rate.	
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A	
  Note	
  About	
  Technology	
  

In	
  general,	
  these	
  data	
  tables	
  and	
  analysis	
  were	
  performed	
  using	
  Microsoft	
  Excel	
  

2010	
  and	
  2011	
  and	
  storied	
  on	
  a	
  personal	
  Microsoft	
  SharePoint	
  2007	
  site.	
  Linking	
  between	
  

them	
  was	
  done	
  using	
  built-­‐in	
  Excel	
  functions,	
  and	
  data	
  verification	
  and	
  cleaning	
  was	
  also	
  

done	
  via	
  a	
  variety	
  of	
  text-­‐scrubbing	
  tools	
  and	
  Excel	
  macros.	
  Basic	
  statistical	
  analysis	
  was	
  

done	
  on	
  Microsoft	
  Excel	
  as	
  well,	
  with	
  a	
  few	
  tests	
  run	
  in	
  SPSS.	
  

The	
  School	
  Table	
  

Generating	
  a	
  table	
  that	
  describes	
  every	
  high	
  school	
  in	
  Chicago	
  is	
  not	
  particularly	
  dif-­‐

ficult	
  work.	
  On	
  September	
  25,	
  2009,	
  extensive	
  data	
  tables	
  describing	
  school	
  and	
  school	
  per-­‐

formance	
  were	
  downloaded	
  from	
  the	
  Research	
  and	
  Evaluation	
  website	
  of	
  the	
  Chicago	
  Pub-­‐

lic	
  Schools.	
  Some	
  straightforward	
  cutting	
  and	
  pasting	
  enabled	
  me	
  to	
  create	
  a	
  table	
  that	
  

sorted	
  schools	
  by	
  unit	
  number	
  (the	
  unique	
  school	
  identifier	
  used	
  by	
  the	
  Chicago	
  Public	
  

Schools),	
  instructional	
  area	
  (a	
  measure	
  of	
  geography),	
  number	
  of	
  students	
  enrolled,	
  the	
  

proportion	
  of	
  students	
  reaching	
  the	
  meets	
  or	
  exceed	
  threshold	
  on	
  the	
  Prairie	
  State	
  

Achievement	
  Exam	
  (PSAE),	
  the	
  percentage	
  of	
  students	
  who	
  received	
  free	
  or	
  reduced	
  lunch.	
  

Since	
  I	
  am	
  focusing	
  on	
  the	
  2003-­‐04	
  and	
  2004-­‐05	
  school	
  years,	
  to	
  make	
  a	
  master	
  data	
  table	
  I	
  

included	
  data	
  from	
  both	
  years,	
  and	
  wrote	
  code	
  to	
  manage	
  the	
  exceptions.	
  (For	
  instance,	
  

North	
  Grand	
  HS	
  was	
  a	
  new	
  school	
  at	
  the	
  time	
  and	
  did	
  not	
  have	
  PSAE	
  results	
  in	
  2004.)	
  

It	
  is	
  a	
  common	
  routine	
  within	
  the	
  Chicago	
  Public	
  Schools	
  to	
  change	
  the	
  instructional	
  

region	
  or	
  area	
  (“area”)	
  designations	
  of	
  schools.	
  To	
  ensure	
  geographic	
  accuracy,	
  I	
  used	
  the	
  

latest	
  numbers	
  at	
  the	
  time	
  of	
  download—area	
  designation	
  for	
  the	
  2009-­‐10	
  school	
  year.	
  

Some	
  of	
  the	
  schools	
  in	
  my	
  study,	
  based	
  on	
  2003-­‐05	
  data,	
  have	
  been	
  closed	
  or	
  changed	
  in	
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the	
  intervening	
  time,	
  and	
  are	
  assigned	
  correspondingly	
  new	
  area	
  numbers.	
  Using	
  the	
  most	
  

up-­‐to-­‐date	
  area	
  assignments	
  ensured	
  that	
  links	
  between	
  tables	
  in	
  my	
  data	
  would	
  be	
  valid.	
  	
  

In	
  order	
  to	
  make	
  analysis	
  easier,	
  I	
  also	
  created	
  some	
  categorical	
  data	
  of	
  key	
  varia-­‐

bles.	
  Table	
  2	
  shows	
  school	
  size	
  categories.	
  Table	
  3	
  shows	
  school	
  performance	
  categories,	
  

based	
  on	
  the	
  PSAE	
  Science	
  scores.	
  And	
  Table	
  4	
  shows	
  school	
  poverty	
  categories,	
  based	
  on	
  

the	
  percent	
  of	
  students	
  receiving	
  free	
  or	
  reduced	
  lunch.	
  All	
  data	
  from	
  here	
  come	
  from	
  the	
  

same	
  Chicago	
  Public	
  Schools	
  data	
  set.	
  

Enrollment	
   School	
  Size	
  

Less	
  than	
  500	
   “small”	
  

Between	
  500	
  and	
  2000	
   “medium”	
  

More	
  than	
  2000	
   “large”	
  

Table 2: School Size Categories 

Percent	
  Of	
  Students	
  Meeting	
  or	
  Exceeding	
  
on	
  PSAE	
  Science	
  in	
  2003-­‐04	
  

Performance	
  
category	
  

Less	
  than	
  25%	
   “low”	
  

Between	
  25%	
  and	
  50%	
   “medium”	
  

More	
  than	
  50%	
   “high”	
  

Table 3: School Performance Categories 

Percent	
  Of	
  Students	
  Receiving	
  
Free	
  or	
  Reduced	
  Lunch	
  

Poverty	
  
category	
  

Less	
  than	
  60%	
   “low	
  poverty”	
  

More	
  than	
  60%	
   “high	
  poverty”	
  

Table 4: School Poverty Categories 
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The	
  Exam	
  Table	
  

The	
  exam	
  table	
  is	
  a	
  list	
  that	
  describes	
  the	
  key	
  characteristics	
  of	
  each	
  exam.	
  Each	
  ex-­‐

am	
  is	
  linked	
  to	
  a	
  particular	
  school	
  in	
  the	
  school	
  table,	
  but	
  also	
  has	
  information	
  unique	
  to	
  

that	
  exam.	
  

Collecting	
  The	
  Exams	
  

The	
  exams	
  were	
  collected	
  in	
  the	
  2003-­‐04	
  and	
  2004-­‐05	
  school	
  year	
  as	
  part	
  of	
  the	
  

high	
  school	
  improvement	
  efforts	
  of	
  the	
  Chicago	
  Math	
  &	
  Science	
  Initiative.	
  Each	
  school	
  was	
  

asked	
  to	
  participate	
  in	
  a	
  6-­‐step	
  process	
  designed	
  to	
  accelerate	
  the	
  development	
  of	
  a	
  collab-­‐

orative	
  team-­‐based	
  structure	
  within	
  the	
  mathematics	
  and	
  science	
  departments.	
  The	
  initial	
  

request	
  from	
  December	
  2003	
  is	
  shown	
  on	
  Figure	
  1,	
  from	
  a	
  slide	
  presentation	
  delivered	
  at	
  a	
  

fall	
  meeting	
  of	
  all	
  high	
  school	
  science	
  department	
  chairpersons.	
  Collection	
  and	
  sharing	
  of	
  

exams	
  was	
  “phase	
  4”	
  of	
  this	
  work.	
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Figure 1: Initial request for common end-of-semester exams from CPS Science department 
chairs, December 2003 

As	
  exams	
  were	
  sent	
  in	
  to	
  the	
  Chicago	
  Public	
  Schools	
  Office	
  of	
  Mathematics	
  and	
  Sci-­‐

ence,	
  a	
  team	
  of	
  interns	
  scanned	
  each	
  document	
  to	
  a	
  PDF	
  and	
  uploaded	
  them	
  to	
  a	
  Share-­‐

Point	
  site	
  to	
  collect	
  and	
  track	
  them.	
  For	
  each	
  exam,	
  they	
  identified	
  the	
  school	
  unit	
  number,	
  

school	
  year,	
  course	
  name,	
  and	
  semester	
  (e.g.	
  first	
  semester	
  or	
  second	
  semester)	
  by	
  fields	
  on	
  

SharePoint.	
  As	
  the	
  original	
  plan	
  was	
  to	
  have	
  this	
  information	
  fed	
  back	
  to	
  teachers	
  and	
  

schools,	
  we	
  crosschecked	
  each	
  exam	
  with	
  multiple	
  reviews,	
  making	
  sure	
  the	
  school	
  and	
  

course	
  were	
  recorded	
  correctly.	
  These	
  exams	
  (and	
  an	
  accompanying	
  website)	
  were	
  used	
  

periodically	
  for	
  small-­‐group	
  professional	
  development	
  sessions	
  over	
  the	
  next	
  few	
  years,	
  

providing	
  an	
  ample	
  opportunity	
  to	
  correct	
  any	
  transcription	
  errors	
  that	
  might	
  have	
  arisen	
  

in	
  the	
  scanning	
  and	
  collecting	
  process.	
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Phase 4: End-Of-Semester Exams 

•  Comprehensive. 

•  One for each mathematics and science 
course. 

•  No specified format—multiple choice, 
extended response, performance… 

•  Must include alignment to Course 
Outline (Standards) and an Answer Key. 

•  Will be shared between schools. 

•  Remember: What we test is what we 
value. 
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For	
  my	
  research,	
  a	
  new	
  SharePoint	
  site	
  was	
  created	
  on	
  a	
  personal	
  website,	
  and	
  the	
  

directories	
  and	
  contents	
  were	
  copied	
  directly	
  from	
  CPS	
  to	
  this	
  site,	
  preserving	
  all	
  the	
  essen-­‐

tial	
  data	
  and	
  metadata.	
  

Managing	
  The	
  Exam	
  Table	
  

I	
  created	
  several	
  additional	
  fields	
  to	
  enable	
  the	
  analysis	
  of	
  each	
  of	
  the	
  exams.	
  Fields	
  

were	
  created	
  to	
  track	
  up	
  to	
  three	
  individual	
  reviewers	
  for	
  each	
  exam.	
  (Reviewers	
  are	
  the	
  

people	
  who	
  will	
  conduct	
  the	
  coding	
  of	
  the	
  exam	
  to	
  determine	
  the	
  content	
  and	
  cognitive	
  

demand	
  of	
  the	
  items.)	
  I	
  also	
  included	
  fields	
  to	
  track	
  the	
  status	
  of	
  each	
  review—has	
  the	
  ex-­‐

am	
  been	
  shipped	
  to	
  the	
  reviewer,	
  had	
  it	
  been	
  returned,	
  had	
  the	
  individual	
  item	
  codes	
  been	
  

entered	
  into	
  the	
  computer,	
  etc.	
  	
  I	
  also	
  created	
  an	
  anonymous	
  key	
  code	
  that	
  could	
  be	
  shared	
  

with	
  reviewers,	
  so	
  that	
  the	
  name	
  of	
  the	
  school	
  in	
  question	
  would	
  remain	
  anonymous.	
  

Selecting	
  Exams	
  To	
  Code	
  

I	
  knew	
  that	
  coding	
  exams	
  would	
  be	
  a	
  time	
  consuming	
  and	
  expensive	
  task,	
  so	
  I	
  de-­‐

cided	
  to	
  limit	
  the	
  number	
  while	
  still	
  enabling	
  me	
  to	
  answer	
  my	
  research	
  questions.	
  The	
  

original	
  collection	
  of	
  exams	
  is	
  shown	
  on	
  Table	
  5,	
  organized	
  by	
  school	
  year.	
  

	
  

An
at
om

y	
  

As
tr
on
om

y	
  

Bi
ol
og
y	
  

Bo
ta
ny
	
  

Ch
em

is
tr
y	
  

Ea
rt
h	
  
an
d	
  
Sp
ac
e	
  

En
vi
ro
nm

en
ta
l	
  

Ge
ne
ra
l	
  S
ci
en
ce
	
  

Ph
ys
ic
al
	
  S
ci
en
ce
	
  

Ph
ys
ic
s	
  

Gr
an
d	
  
To
ta
l	
  



 

 

52 

	
  

An
at
om

y	
  

As
tr
on
om

y	
  

Bi
ol
og
y	
  

Bo
ta
ny
	
  

Ch
em

is
tr
y	
  

Ea
rt
h	
  
an
d	
  
Sp
ac
e	
  

En
vi
ro
nm

en
ta
l	
  

Ge
ne
ra
l	
  S
ci
en
ce
	
  

Ph
ys
ic
al
	
  S
ci
en
ce
	
  

Ph
ys
ic
s	
  

Gr
an
d	
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2003-­‐04	
  All	
   3	
   3	
   46	
   1	
   62	
   37	
   43	
   2	
   0	
   37	
   234	
  

2003-­‐04	
  
Semester	
  1	
  

1	
   2	
   32	
   1	
   44	
   26	
   33	
   2	
   0	
   29	
   170	
  

2003-­‐04	
  
Semester	
  2	
  

2	
   1	
   14	
   0	
   18	
   11	
   10	
   0	
   0	
   8	
   64	
  

2004-­‐05	
  All	
   2	
   1	
   37	
   0	
   15	
   8	
   11	
   0	
   1	
   9	
   84	
  

2004-­‐05	
  
Semester	
  1	
  

2	
   1	
   34	
   0	
   15	
   8	
   11	
   0	
   1	
   9	
   81	
  

2004-­‐05	
  
Semester	
  2	
  

0	
   0	
   3	
   0	
   0	
   0	
   0	
   0	
   0	
   0	
   3	
  

Grand	
  Total	
   5	
   4	
   83	
   1	
   77	
   45	
   54	
   2	
   1	
   46	
   318	
  

Table 5: Initial Exams Collected, By School Year 

Clearly,	
  coding	
  318	
  exams	
  would	
  be	
  both	
  cost	
  and	
  time	
  prohibitive.	
  I	
  wanted	
  a	
  

smaller	
  collection	
  that	
  would	
  still	
  enable	
  me	
  to	
  provide	
  a	
  strong	
  perspective	
  about	
  science	
  

teaching	
  and	
  learning	
  in	
  the	
  Chicago	
  Public	
  Schools.	
  

To	
  get	
  as	
  broad	
  a	
  perspective	
  as	
  possible,	
  I	
  decided	
  to	
  code	
  all	
  the	
  biology	
  exams.	
  

Since	
  this	
  was	
  the	
  course	
  with	
  the	
  most	
  data,	
  this	
  would	
  provide	
  me	
  with	
  as	
  robust	
  a	
  dis-­‐

trict-­‐wide	
  perspective	
  as	
  possible.	
  

But	
  I	
  wanted	
  to	
  focus	
  on	
  science	
  instruction,	
  not	
  biology	
  instruction.	
  For	
  further	
  

analysis,	
  I	
  quickly	
  eliminated	
  exams	
  from	
  the	
  minor	
  courses:	
  anatomy,	
  astronomy,	
  botany,	
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general	
  science,	
  and	
  physical	
  science.	
  Chemistry	
  was	
  easy	
  to	
  pick,	
  as	
  they	
  represented	
  the	
  

greatest	
  quantity	
  of	
  remaining	
  exams.	
  I	
  decided	
  to	
  also	
  focus	
  on	
  physics	
  instead	
  of	
  earth	
  

and	
  space	
  science	
  or	
  environmental	
  science,	
  for	
  the	
  following	
  reasons.	
  

• The	
  sense	
  of	
  what	
  constitutes	
  a	
  typical	
  physics	
  curriculum	
  content	
  quite	
  strongly	
  

defined	
  (Arons,	
  1990),	
  likely	
  more	
  so	
  than	
  in	
  the	
  newer	
  field	
  of	
  environmental	
  sci-­‐

ence.	
  

• The	
  biology,	
  chemistry,	
  physics	
  sequence	
  is	
  a	
  common	
  one	
  in	
  the	
  Chicago	
  Public	
  

Schools	
  (LaForce	
  &	
  Feranchak,	
  2003).	
  

• According	
  to	
  ACT,	
  the	
  biology-­‐chemistry-­‐physics	
  sequence	
  is	
  the	
  one	
  that	
  corre-­‐

sponds	
  with	
  highest	
  ACT	
  science	
  scores	
  (ACT	
  Inc.	
  &	
  The	
  Education	
  Trust,	
  2004).	
  

In	
  order	
  to	
  make	
  the	
  coding	
  manageable,	
  I	
  randomly	
  selected	
  a	
  mixture	
  of	
  chemistry	
  

and	
  physics	
  exams	
  to	
  review,	
  sampling	
  the	
  available	
  dataset	
  so	
  as	
  to	
  be	
  able	
  to	
  make	
  rea-­‐

sonable	
  predictions	
  about	
  the	
  content	
  and	
  intellectual	
  demand	
  of	
  those	
  courses.	
  The	
  initial	
  

set	
  of	
  “active”	
  exams	
  is	
  shown	
  on	
  Table	
  6.	
  As	
  will	
  be	
  seen	
  in	
  the	
  subsequent	
  section,	
  not	
  all	
  

of	
  these	
  exams	
  had	
  valid	
  items	
  to	
  be	
  coded,	
  so	
  some	
  were	
  ultimately	
  eliminated	
  from	
  con-­‐

sideration	
  from	
  the	
  overall	
  analysis.	
  

	
   Number	
  of	
  Active	
  Exams	
  

Biology	
   Chemistry	
   Physics	
   Grand	
  Total	
  

2003-­‐04	
   46	
   8	
   11	
   65	
  

	
  	
  	
  Semester	
  1	
   32	
   3	
   8	
   43	
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   Number	
  of	
  Active	
  Exams	
  

Biology	
   Chemistry	
   Physics	
   Grand	
  Total	
  

	
  	
  	
  Semester	
  2	
   14	
   5	
   3	
   22	
  

2004-­‐05	
   37	
   3	
   4	
   44	
  

	
  	
  	
  Semester	
  1	
   34	
   3	
   4	
   41	
  

	
  	
  	
  Semester	
  2	
   3	
   0	
   0	
   3	
  

Grand	
  Total	
   83	
   11	
   15	
   109	
  

Table 6: Initial Selection of “Active” Exams 

The	
  Item	
  Table	
  

The	
  heart	
  of	
  my	
  analysis	
  occurs	
  on	
  the	
  item	
  table,	
  which	
  is	
  a	
  large	
  array	
  with	
  infor-­‐

mation	
  that	
  describes	
  each	
  item	
  on	
  each	
  exam	
  in	
  the	
  study.	
  First,	
  I	
  needed	
  a	
  scoring	
  proto-­‐

col	
  or	
  tool	
  that	
  would	
  enable	
  me	
  collect	
  the	
  data	
  I	
  needed;	
  then	
  I	
  needed	
  to	
  develop	
  a	
  pro-­‐

cess	
  to	
  have	
  multiple	
  reviewers	
  code	
  each	
  exam,	
  and	
  finally,	
  I	
  needed	
  a	
  mechanism	
  to	
  as-­‐

semble	
  all	
  the	
  data.	
  I	
  will	
  address	
  each	
  of	
  those	
  steps	
  in	
  turn.	
  

Review	
  Protocol:	
  The	
  Survey	
  Of	
  Enacted	
  Curriculum	
  

Several	
  possible	
  protocols	
  can	
  be	
  used	
  to	
  align	
  items	
  to	
  content	
  and	
  intellectual	
  de-­‐

mand—any	
  number	
  of	
  individual	
  state	
  level	
  tools,	
  to	
  the	
  Project	
  2061	
  benchmark	
  analysis	
  

tools,	
  to	
  the	
  various	
  frameworks	
  utilized	
  by	
  large	
  scale	
  exams	
  like	
  NAEP	
  and	
  PISA.	
  But	
  it	
  

was	
  clear	
  that	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  (Blank,	
  Porter,	
  &	
  Smithson,	
  2001)	
  made	
  

best	
  sense	
  as	
  the	
  right	
  tool	
  to	
  use	
  for	
  this	
  purpose.	
  There	
  are	
  several	
  reasons	
  for	
  this.	
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First,	
  the	
  principal	
  portion	
  of	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  tool	
  addresses	
  both	
  

cognitive	
  demand	
  and	
  content	
  alignment	
  in	
  a	
  manner	
  that	
  can	
  be	
  applied	
  to	
  any	
  high	
  school	
  

science	
  course.	
  This	
  is	
  important,	
  as	
  different	
  frameworks	
  or	
  tools	
  for	
  different	
  courses	
  

would	
  have	
  made	
  the	
  data	
  collection	
  even	
  more	
  challenging.	
  Second,	
  since	
  the	
  Council	
  of	
  

Chief	
  State	
  School	
  Officers	
  (CCSSO)	
  contributed	
  to	
  the	
  genesis	
  of	
  the	
  Survey	
  of	
  Enacted	
  Cur-­‐

riculum,	
  it	
  has	
  considerable	
  momentum	
  in	
  the	
  field.	
  The	
  large	
  NSF	
  Math-­‐Science	
  Partner-­‐

ship	
  grant	
  that	
  CCSSO	
  received	
  was	
  based	
  in	
  part	
  on	
  implementing	
  Survey	
  of	
  Enacted	
  Cur-­‐

riculum	
  in	
  many	
  states	
  (Blank	
  et	
  al.,	
  2005),	
  and	
  it	
  was	
  a	
  required	
  component	
  of	
  the	
  Illinois	
  

Math-­‐Science	
  Partnership	
  grants	
  in	
  2004	
  and	
  2005	
  (RMC	
  Research	
  Corporation,	
  2005).	
  

Third,	
  the	
  alignment	
  index	
  on	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  report	
  shows	
  a	
  high	
  corre-­‐

lation	
  with	
  impact	
  on	
  student	
  achievement	
  (Gamoran,	
  Porter,	
  Smithson,	
  &	
  White,	
  1997).	
  

And	
  finally,	
  it	
  was	
  easy	
  to	
  find	
  reviewers	
  who	
  were	
  knowledgeable	
  of	
  the	
  Survey	
  of	
  Enacted	
  

Curriculum	
  to	
  help	
  me	
  with	
  my	
  analysis.	
  While	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  is	
  not	
  

aligned	
  to	
  the	
  Next	
  Generation	
  Science	
  Standards	
  (NGSS	
  Lead	
  States,	
  2013b),	
  there	
  are	
  not	
  

any	
  existing	
  tools	
  that	
  do	
  so	
  and	
  the	
  exams	
  in	
  this	
  data	
  set	
  precede	
  NGSS	
  by	
  several	
  years.	
  

One	
  drawback	
  with	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  is	
  that	
  it	
  fundamentally	
  is	
  a	
  re-­‐

ductionist	
  tool:	
  by	
  design,	
  it	
  provides	
  for	
  the	
  analysis	
  of	
  discrete	
  items	
  on	
  an	
  instructional	
  

artifact,	
  and	
  does	
  not	
  look	
  at	
  the	
  connections	
  and	
  interdependencies	
  between	
  items.	
  Recent	
  

reports,	
  such	
  as	
  Systems	
  for	
  State	
  Science	
  Assessment	
  (Committee	
  on	
  Test	
  Design	
  for	
  K-­‐12	
  

Science	
  Achievement,	
  2005)	
  and	
  Developing	
  Assessments	
  For	
  Next	
  Generation	
  Science	
  

Standards	
  (Committee	
  on	
  Developing	
  Assessments	
  of	
  Science	
  Proficiency	
  in	
  K-­‐12,	
  2013)	
  

both	
  discuss	
  assessments	
  as	
  part	
  of	
  coherent	
  systems	
  with	
  many	
  interlocking	
  pieces.	
  How-­‐
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ever,	
  as	
  will	
  be	
  shown	
  in	
  Chapter	
  5,	
  the	
  relatively	
  low	
  level	
  of	
  cognitive	
  demand,	
  broad	
  

swath	
  of	
  content	
  coverage,	
  and	
  lack	
  of	
  item	
  type	
  diversity	
  on	
  these	
  exams	
  indicates	
  a	
  rela-­‐

tively	
  unsophisticated	
  design,	
  while	
  probably	
  means	
  there	
  are	
  not	
  many	
  connections	
  or	
  in-­‐

terdependencies	
  to	
  find	
  among	
  items.	
  Additionally,	
  this	
  study	
  intentionally	
  focuses	
  on	
  dis-­‐

trict-­‐wide	
  scale	
  and	
  samples	
  pieces	
  and	
  aspects	
  of	
  exams	
  to	
  paint	
  a	
  picture	
  of	
  the	
  district	
  

whole,	
  making	
  a	
  classroom-­‐level	
  analysis	
  of	
  item	
  relationships	
  less	
  important.	
  That	
  said,	
  I	
  

will	
  revisit	
  the	
  choice	
  of	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  in	
  the	
  final	
  analysis.	
  

Details	
  about	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  coding	
  procedure	
  used	
  are	
  online	
  at	
  

http://seconline.wceruw.org/Reference/CodingProcedures2008.pdf.	
  To	
  code	
  an	
  item	
  us-­‐

ing	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  process	
  for	
  this	
  project,	
  reviewers	
  had	
  to	
  record	
  data	
  

for	
  the	
  following	
  fields	
  for	
  each	
  test	
  question	
  (“item”).	
  

Item	
  Number	
  

The	
  number	
  of	
  the	
  item	
  on	
  the	
  exam.	
  The	
  first	
  question	
  on	
  the	
  exam	
  would	
  be	
  item	
  

number	
  one,	
  the	
  second	
  item	
  number	
  two,	
  etc.	
  

Author	
  Item	
  

The	
  number	
  of	
  the	
  item	
  according	
  to	
  the	
  test	
  author	
  (the	
  teacher).	
  Frequently,	
  

teacher-­‐written	
  exam	
  questions	
  contain	
  multiple	
  questions	
  within	
  one	
  numbered	
  ques-­‐

tion—for	
  instance,	
  a	
  fill-­‐in-­‐the-­‐blank	
  sentence	
  listed	
  as	
  one	
  numbered	
  question,	
  but	
  with	
  

two	
  blanks	
  for	
  two	
  possible	
  student	
  responses.	
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Item	
  Format	
  

Reviewers	
  determined	
  the	
  format	
  of	
  the	
  item.	
  Possible	
  item	
  formats	
  are	
  listed	
  on	
  

Table	
  7.	
  

	
  

Item	
  Format	
   Notes	
  

Constructed	
  response	
   Any	
  question	
  demanding	
  more	
  writing	
  than	
  a	
  “short	
  answer”	
  
question,	
  typically	
  at	
  least	
  a	
  full	
  sentence	
  answer,	
  and	
  
sometimes,	
  many	
  paragraphs.	
  

Fill	
  in	
  the	
  blank	
   Students	
  are	
  asked	
  to	
  identify	
  a	
  missing	
  word	
  or	
  phrase	
  from	
  a	
  
given	
  sentence	
  fragment.	
  

Multiple-­‐choice	
   Students	
  are	
  asked	
  to	
  choose	
  the	
  correct	
  response	
  from	
  a	
  
number	
  of	
  choices	
  given.	
  Questions	
  that	
  were	
  matching	
  (e.g.	
  
match	
  the	
  label	
  on	
  the	
  diagram	
  of	
  a	
  cell	
  with	
  the	
  proper	
  
scientific	
  term)	
  were	
  also	
  considered	
  multiple	
  choice.	
  Reviewers	
  
recorded	
  the	
  number	
  of	
  possible	
  options	
  for	
  each	
  item	
  as	
  well	
  
(e.g.	
  “multiple-­‐choice	
  –	
  4”	
  or	
  “multiple-­‐choice	
  –	
  5”).	
  

Rewrite	
  sentence	
   Students	
  were	
  asked	
  to	
  rewrite	
  the	
  given	
  sentence—a	
  slightly	
  
more	
  complicated	
  version	
  of	
  fill-­‐in-­‐the-­‐blank.	
  

Short	
  answer	
   Students	
  were	
  asked	
  to	
  respond	
  with	
  the	
  results	
  of	
  a	
  calculation	
  
or	
  a	
  short,	
  1-­‐3	
  word	
  answer.	
  

True	
  or	
  false	
   Students	
  were	
  asked	
  if	
  a	
  statement	
  was	
  true	
  or	
  false.	
  

Table 7: Possible Exam Item Formats 

Item	
  Weight	
  

Reviewers	
  were	
  asked	
  to	
  designate	
  “how	
  many	
  points”	
  this	
  particular	
  question	
  was	
  

worth	
  on	
  the	
  exam,	
  based	
  on	
  exam	
  instructions	
  or	
  scoring	
  guides	
  provided	
  to	
  the	
  student.	
  

If	
  no	
  clear	
  item	
  weight	
  was	
  given,	
  the	
  default	
  value	
  of	
  one	
  was	
  assumed.	
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Content	
  

Content	
  was	
  coded	
  using	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  coding	
  categories,	
  four-­‐

digit	
  numbers	
  that	
  correspond	
  to	
  all	
  the	
  content	
  generally	
  possible	
  in	
  high	
  school	
  science	
  

courses.	
  Since	
  sometimes	
  it	
  is	
  hard	
  to	
  determine	
  where	
  “molecular	
  motion”	
  ends	
  (code	
  

1801)	
  and	
  “pressure”	
  (code	
  1802)	
  begins,	
  reviewers	
  can	
  select	
  up	
  to	
  three	
  different	
  con-­‐

tent	
  codes	
  for	
  each	
  item.	
  The	
  order	
  of	
  the	
  content	
  code	
  is	
  not	
  relevant.	
  The	
  Survey	
  of	
  Enact-­‐

ed	
  Curriculum	
  content	
  coding	
  categories	
  are	
  shown	
  in	
  appendix	
  1	
  on	
  page	
  144.	
  Reviewers	
  

coded	
  exams	
  using	
  the	
  most	
  fine-­‐grained	
  categories	
  possible.	
  

Cognitive	
  Demand	
  

The	
  Survey	
  of	
  Enacted	
  Curriculum	
  allows	
  for	
  five	
  different	
  levels	
  of	
  cognitive	
  de-­‐

mand:	
  memorize,	
  perform	
  procedures,	
  communicate	
  understanding,	
  analyze	
  information,	
  

and	
  apply	
  concepts/make	
  connections.	
  These	
  are	
  show	
  on	
  Figure	
  2.	
  One	
  clarification	
  was	
  

made	
  to	
  the	
  categories:	
  Questions	
  that	
  call	
  for	
  students	
  to	
  look	
  information	
  up	
  on	
  a	
  chart,	
  

table,	
  or	
  graph—including	
  interpolating	
  and	
  extrapolating—were	
  considered	
  “perform	
  

procedures,”	
  so	
  we	
  added	
  that	
  as	
  part	
  of	
  our	
  category	
  descriptions.	
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Figure 2: Cognitive Demand Categories for Science 

Coordinating	
  Reviewers	
  For	
  The	
  Item	
  Table	
  

Loyola	
  University’s	
  Center	
  for	
  Science	
  &	
  Math	
  Education	
  (online	
  at	
  

http://www.luc.edu/cse/index.shtml)	
  had	
  a	
  team	
  of	
  people	
  trained	
  in	
  conducting	
  Survey	
  of	
  

Enacted	
  Curriculum	
  analysis	
  of	
  high	
  school	
  exams.	
  After	
  several	
  calls	
  with	
  Dr.	
  John	
  Smith-­‐

son	
  of	
  the	
  Wisconsin	
  Center	
  for	
  Education	
  Research,	
  and	
  the	
  project	
  director/lead	
  author	
  

of	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  project,	
  he	
  agreed	
  that	
  this	
  was	
  the	
  best	
  and	
  most	
  effec-­‐

tive	
  strategy	
  for	
  this	
  research.	
  Training	
  my	
  own	
  set	
  of	
  reviewers	
  would	
  be	
  possible	
  but	
  dif-­‐

ficult;	
  and	
  hiring	
  WCER	
  to	
  do	
  the	
  review	
  work	
  would	
  be	
  considerably	
  more	
  expensive	
  that	
  

the	
  local	
  Loyola	
  team.	
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The	
  Loyola	
  team	
  consisted	
  of	
  former	
  high	
  school	
  science	
  teachers	
  who	
  had	
  all	
  par-­‐

ticipated	
  in	
  the	
  WCER-­‐led	
  training	
  sessions	
  on	
  the	
  Survey	
  of	
  Enacted	
  Curriculum.	
  They	
  had	
  

also	
  used	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  as	
  part	
  of	
  their	
  support	
  work	
  with	
  schools	
  and	
  

districts,	
  and	
  so	
  were	
  quite	
  experienced	
  users	
  of	
  this	
  exam	
  coding	
  tool.	
  	
  

An	
  agreement	
  was	
  reached	
  with	
  the	
  leaders	
  of	
  the	
  Loyola	
  University	
  Center	
  for	
  Sci-­‐

ence	
  &	
  Math	
  Education	
  to	
  have	
  each	
  of	
  the	
  109	
  active	
  exams	
  read	
  and	
  coded	
  by	
  two	
  of	
  their	
  

staff	
  members	
  over	
  the	
  spring	
  and	
  summer	
  of	
  2010.	
  I	
  sent	
  exams	
  in	
  batches	
  as	
  scanned	
  

PDF	
  files	
  to	
  Loyola,	
  identified	
  only	
  by	
  the	
  subject	
  and	
  an	
  anonymous	
  key.	
  The	
  returned	
  a	
  

series	
  of	
  Excel	
  sheets	
  with	
  the	
  consensus	
  reviews	
  from	
  their	
  reviewing	
  team.	
  That	
  last	
  

point	
  is	
  an	
  important	
  one—by	
  having	
  each	
  exam	
  reviewed	
  by	
  two	
  people,	
  and	
  forcing	
  those	
  

two	
  reviewers	
  to	
  discuss	
  their	
  coding	
  decisions	
  and	
  reach	
  a	
  consensus	
  decision,	
  I	
  ensured	
  

the	
  quality	
  of	
  their	
  ratings	
  was	
  high.	
  Since	
  all	
  communication	
  was	
  electronic,	
  transcription	
  

errors	
  were	
  minimized.	
  

During	
  the	
  review	
  process,	
  the	
  Loyola	
  team	
  found	
  14	
  of	
  the	
  109	
  exams	
  to	
  be	
  incom-­‐

plete	
  or	
  illegible	
  in	
  some	
  manner.	
  Upon	
  inspection,	
  these	
  were	
  exams	
  with	
  missing	
  pages	
  or	
  

illegible	
  scans,	
  and	
  so	
  they	
  were	
  rejected	
  from	
  the	
  analysis.	
  

Verifying	
  The	
  Reviews	
  

Despite	
  the	
  strong	
  background,	
  training,	
  and	
  experience	
  of	
  the	
  reviewers,	
  I	
  wanted	
  

to	
  make	
  sure	
  that	
  the	
  review	
  process	
  was	
  accurate.	
  I	
  decided	
  to	
  perform	
  two	
  checks	
  on	
  the	
  

data	
  to	
  make	
  sure	
  it	
  was	
  valid—to	
  check	
  that	
  results	
  were	
  both	
  internally	
  and	
  externally	
  

valid.	
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First,	
  I	
  wanted	
  ensure	
  the	
  work	
  was	
  internally	
  valid:	
  that	
  the	
  consensus	
  process	
  

used	
  by	
  each	
  reviewer	
  pair	
  was	
  working.	
  If	
  the	
  reviewers	
  were	
  generally	
  in	
  agreement,	
  and	
  

had	
  to	
  only	
  come	
  to	
  consensus	
  occasionally,	
  that	
  would	
  indicate	
  that	
  it	
  was	
  relatively	
  

straightforward	
  for	
  them	
  to	
  come	
  to	
  decisions	
  about	
  item	
  content	
  and	
  cognitive	
  demand,	
  

and	
  their	
  judgment	
  likely	
  represented	
  the	
  “true”	
  value.	
  On	
  the	
  other	
  hand,	
  if	
  the	
  reviewers	
  

disagreed	
  frequently,	
  and	
  had	
  to	
  spend	
  lots	
  of	
  time	
  and	
  energy	
  coming	
  to	
  consensus,	
  that	
  

would	
  indicate	
  that	
  their	
  preparation	
  was	
  not	
  very	
  strong	
  or	
  the	
  coding	
  rubrics	
  and	
  tools	
  

were	
  not	
  sufficient	
  to	
  clearly	
  distinguish	
  between	
  item	
  content	
  and	
  cognitive	
  demand	
  lev-­‐

els.	
  

To	
  check	
  this,	
  I	
  asked	
  the	
  Loyola	
  team	
  to	
  initially	
  provide	
  the	
  coding	
  sheets	
  from	
  20	
  

exams	
  and	
  40	
  reviews	
  without	
  the	
  consensus	
  process.	
  This	
  represented	
  1044	
  individual	
  

items	
  and	
  all	
  individual	
  reviewers.	
  As	
  is	
  shown	
  on	
  Table	
  8,	
  the	
  number	
  of	
  disagreements	
  

between	
  reviewers	
  is	
  quite	
  low.	
  This	
  indicates	
  that	
  the	
  consensus	
  dialogue	
  did	
  not	
  need	
  to	
  

occur	
  very	
  often	
  because	
  the	
  initial	
  ratings	
  of	
  the	
  reviewers	
  were	
  so	
  often	
  the	
  same,	
  giving	
  

me	
  confidence	
  that	
  the	
  Loyola	
  team	
  has	
  been	
  well	
  trained	
  to	
  execute	
  the	
  Survey	
  of	
  Enacted	
  

Curriculum	
  coding	
  procedure.	
  

Variable	
   Number	
  Of	
  Disagreements	
  

Item	
  Type	
   6	
  of	
  1044	
  items	
  

Content	
   34	
  of	
  1044	
  items	
  

Cognitive	
  Demand	
   21	
  of	
  1044	
  items	
  

Table 8: Determining Internal Validity On Loyola Exam Coding 



 

 

62 

I	
  then	
  needed	
  to	
  check	
  to	
  make	
  sure	
  that	
  the	
  results	
  of	
  the	
  Loyola	
  were	
  externally	
  

valid;	
  namely,	
  would	
  another,	
  external	
  reviewer	
  come	
  up	
  with	
  a	
  similar	
  decision	
  if	
  they	
  fol-­‐

lowed	
  the	
  same	
  process.	
  To	
  gauge	
  this,	
  I	
  scored	
  39	
  exams	
  myself,	
  and	
  then	
  compared	
  my	
  

scores	
  with	
  those	
  of	
  the	
  Loyola	
  consensus	
  team.	
  The	
  results	
  are	
  shown	
  on	
  Table	
  9,	
  and	
  

from	
  this	
  data,	
  it	
  is	
  clear	
  that	
  there	
  were	
  very	
  few	
  disagreements.	
  This	
  means	
  that	
  my	
  own	
  

judgment	
  matches	
  quite	
  strongly	
  with	
  the	
  consensus	
  of	
  the	
  Loyola	
  reviewers,	
  and	
  gives	
  me	
  

quite	
  a	
  great	
  deal	
  of	
  confidence	
  that	
  the	
  results	
  of	
  the	
  coding	
  process	
  would	
  be	
  deemed	
  val-­‐

id	
  to	
  other	
  external	
  reviewers.	
  

Variable	
   Number	
  Of	
  Disagreements	
  

Item	
  Type	
   0	
  of	
  1989	
  items	
  

Content	
   10	
  of	
  1989	
  items	
  

Cognitive	
  Demand	
   2	
  of	
  1989	
  items	
  

Table 9: Determining External Validity Of Loyola Exam Coding 

Because	
  the	
  high	
  level	
  of	
  external	
  validity	
  of	
  the	
  coding	
  process,	
  I	
  decided	
  that	
  it	
  

would	
  be	
  acceptable	
  to	
  only	
  use	
  one	
  reviewer	
  for	
  the	
  Chemistry	
  exams—and	
  certainly	
  fast-­‐

er	
  and	
  less	
  expensive.	
  While	
  this	
  does	
  not	
  provide	
  assurance	
  that	
  the	
  chemistry	
  content	
  is	
  

externally	
  valid,	
  given	
  the	
  high	
  degree	
  of	
  agreement	
  in	
  other	
  subjects	
  it	
  is	
  reasonable	
  to	
  

presume	
  the	
  Chemistry	
  results	
  are	
  not	
  very	
  different.	
  For	
  all	
  the	
  biology	
  and	
  physics	
  exams,	
  

more	
  than	
  one	
  reviewer	
  was	
  used	
  to	
  generate	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  codes.	
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Assembling	
  The	
  Data	
  For	
  The	
  Item	
  Table	
  

Once	
  the	
  exams	
  had	
  been	
  coded,	
  and	
  the	
  coding	
  process	
  verified	
  to	
  be	
  both	
  internal-­‐

ly	
  and	
  externally	
  valid,	
  the	
  data	
  was	
  combined	
  into	
  one	
  master	
  data	
  table	
  for	
  analysis.	
  This	
  

was	
  a	
  data	
  set	
  consisting	
  of	
  95	
  semester	
  and	
  final	
  exams	
  encompassing	
  4776	
  items.	
  

On	
  Table	
  10,	
  distribution	
  of	
  items	
  by	
  instructional	
  area	
  is	
  shown.	
  These	
  are	
  the	
  

2009-­‐10	
  area	
  classifications,	
  a	
  grouping	
  of	
  schools	
  into	
  roughly	
  geographic	
  boundaries	
  that	
  

changes	
  slightly	
  each	
  year.	
  On	
  Table	
  11,	
  the	
  number	
  of	
  exam	
  items	
  is	
  shown	
  by	
  school	
  size.	
  

Taken	
  together,	
  these	
  tables	
  indicate	
  that	
  the	
  breadth	
  of	
  items	
  generally	
  spans	
  the	
  geogra-­‐

phy	
  and	
  school	
  type	
  in	
  Chicago.	
  

	
   	
  



 

 

64 

	
  

Area	
   Number	
  Of	
  Items	
  

Biology	
   Chemistry	
   Physics	
   Grand	
  Total	
  

19	
   631	
   116	
   	
  0	
   747	
  

20	
   25	
   0	
   	
  0	
   25	
  

21	
   446	
   64	
   97	
   607	
  

22	
   50	
   	
  0	
   0	
   50	
  

23	
   617	
   50	
   189	
   856	
  

24	
   497	
   	
  0	
   36	
   533	
  

25	
   65	
   	
  0	
   15	
   80	
  

26	
   642	
   163	
   13	
   818	
  

28	
   258	
   	
  0	
   0	
   258	
  

29	
   49	
   0	
   	
  0	
   49	
  

54	
   496	
   185	
   72	
   753	
  

Grand	
  Total	
   3776	
   578	
   422	
   4776	
  

Table 10: Distribution Of Items By Instructional Area 

School	
  Size	
   Total	
  Number	
  Of	
  Items	
  

Biology	
   Chemistry	
   Physics	
   Grand	
  Total	
  

large	
   1036	
   284	
   90	
   1410	
  

medium	
   2204	
   294	
   251	
   2749	
  

small	
   536	
   	
  0	
   81	
   617	
  

Grand	
  Total	
   3776	
   578	
   422	
   4776	
  

Table 11: Distribution of Items By School Size 
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On	
  Table	
  12	
  and	
  Table	
  13,	
  the	
  number	
  of	
  items	
  by	
  semester	
  and	
  school	
  year	
  are	
  

shown.	
  	
  

Semester	
   Biology	
   Chemistry	
   Physics	
   Grand	
  Total	
  

1	
   2977	
   326	
   409	
   3712	
  

2	
   799	
   252	
   13	
   1064	
  

Grand	
  Total	
   3776	
   578	
   422	
   4776	
  

Table 12: Distribution Of Items By Semester 

School	
  Year	
   Biology	
   Chemistry	
   Physics	
   Grand	
  Total	
  

2003-­‐04	
   2292	
   418	
   287	
   2997	
  

2004-­‐05	
   1484	
   160	
   135	
   1779	
  

Grand	
  Total	
   3776	
   578	
   422	
   4776	
  

Table 13: Distribution Of Items By School Year 

On	
  Table	
  14	
  and	
  Table	
  15	
  the	
  distribution	
  of	
  items	
  by	
  poverty	
  level	
  and	
  perfor-­‐

mance	
  level	
  are	
  shown.	
  

Poverty	
  Level	
   Biology	
   Chemistry	
   Physics	
   Grand	
  Total	
  

high	
  poverty	
   3342	
   478	
   347	
   4167	
  

low	
  poverty	
   434	
   100	
   75	
   609	
  

Grand	
  Total	
   3776	
   578	
   422	
   4776	
  

Table 14: Distribution Of Items By Poverty Level 
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Performance	
  Level	
   Biology	
   Chemistry	
   Physics	
   Grand	
  Total	
  

high	
   162	
   100	
   39	
   301	
  

low	
   2212	
   269	
   295	
   2776	
  

middle	
   1082	
   209	
   88	
   1379	
  

no	
  data	
   320	
   	
  0	
   0	
   320	
  

Grand	
  Total	
   3776	
   578	
   422	
   4776	
  

Table 15: Distribution Of Items By Performance Level 

Is	
  This	
  A	
  Representative	
  Sample	
  Of	
  Biology	
  Exams?	
  

The	
  final	
  set	
  of	
  95	
  exams	
  (and	
  4776	
  items)	
  is	
  shown	
  on	
  Table	
  16.	
  I	
  now	
  will	
  confirm	
  

that	
  the	
  schools	
  represented	
  here	
  is	
  a	
  valid	
  sample	
  of	
  the	
  entire	
  district.	
  Because	
  items	
  ex-­‐

ist	
  on	
  exams	
  and	
  exams	
  are	
  given	
  by	
  teachers	
  in	
  particular	
  schools,	
  item	
  distribution	
  is	
  a	
  

function	
  of	
  school	
  distribution.	
  Since	
  I	
  do	
  not	
  have	
  an	
  exam	
  for	
  every	
  subject,	
  school,	
  se-­‐

mester	
  or	
  year,	
  I	
  need	
  to	
  determine	
  the	
  nature	
  of	
  the	
  claims	
  I	
  will	
  be	
  able	
  to	
  make	
  using	
  the	
  

sample	
  of	
  exams	
  I	
  do	
  have.	
  The	
  strategy	
  I	
  will	
  use	
  is	
  based	
  on	
  the	
  recommendations	
  via	
  

email	
  conversations	
  with	
  Dr.	
  Evan	
  Smith	
  and	
  Dr.	
  George	
  Karabatsos	
  of	
  the	
  University	
  of	
  Il-­‐

linois	
  at	
  Chicago.	
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School	
  Year	
   Number	
  of	
  Active	
  Exams	
  

Biology	
   Chemistry	
   Physics	
   Grand	
  Total	
  

2003-­‐04	
   41	
   8	
   8	
   57	
  

	
  	
  	
  Semester	
  1	
   29	
   3	
   7	
   39	
  

	
  	
  	
  Semester	
  2	
   12	
   5	
   1	
   18	
  

2004-­‐05	
   32	
   3	
   3	
   38	
  

	
  	
  	
  Semester	
  1	
   29	
   3	
   3	
   35	
  

	
  	
  	
  Semester	
  2	
   3	
   0	
   0	
   3	
  

Grand	
  Total	
   73	
   11	
   11	
   95	
  

Table 16: Final Selection of “Active” Exams 

It	
  is	
  difficult	
  to	
  claim	
  without	
  any	
  doubt	
  this	
  is	
  a	
  representative	
  sample	
  of	
  biology	
  

exams	
  that	
  represents	
  the	
  whole	
  district.	
  The	
  process	
  to	
  collect	
  them	
  was	
  not	
  truly	
  random,	
  

as	
  any	
  number	
  of	
  factors—like	
  teacher	
  background,	
  principal	
  background,	
  and	
  internal	
  

school	
  culture—could	
  have	
  influenced	
  a	
  particular	
  school’s	
  decision	
  to	
  send	
  the	
  exams	
  to	
  

the	
  central	
  office.	
  That	
  said,	
  some	
  common	
  sense	
  indicates	
  that	
  the	
  current	
  distribution	
  is	
  

pretty	
  closely	
  aligned	
  with	
  the	
  overall	
  district	
  distribution	
  of	
  schools.	
  A	
  more	
  formal	
  way	
  to	
  

make	
  this	
  argument	
  is	
  to	
  perform	
  a	
  chi-­‐square	
  test	
  where	
  the	
  null	
  proportion	
  is	
  the	
  true	
  

population	
  proportion,	
  and	
  if	
  this	
  null	
  hypothesis	
  is	
  not	
  rejected,	
  it	
  would	
  suggest	
  my	
  sam-­‐

ple	
  is	
  representative	
  of	
  the	
  whole	
  district.	
  However,	
  issues	
  about	
  randomness	
  would	
  still	
  

apply,	
  so	
  performing	
  this	
  calculation	
  is	
  more	
  an	
  exercise.	
  

Therefore,	
  in	
  the	
  discussion	
  below	
  I	
  will	
  do	
  the	
  following.	
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1. Discuss	
  the	
  distribution	
  of	
  exams	
  

2. Conduct	
  a	
  chi-­‐square	
  test	
  that	
  compares	
  the	
  sample	
  of	
  schools	
  with	
  exams	
  to	
  

the	
  sample	
  of	
  the	
  entire	
  school	
  district	
  

Overall	
  Distribution	
  Of	
  Biology	
  Exams	
  

To	
  discuss	
  the	
  distribution	
  of	
  schools	
  with	
  biology	
  exams,	
  I	
  want	
  to	
  compare	
  the	
  

sample	
  that	
  I	
  have	
  collected	
  with	
  an	
  overall	
  list	
  of	
  CPS	
  high	
  schools.	
  Unfortunately,	
  obtain-­‐

ing	
  a	
  clean	
  list	
  of	
  CPS	
  high	
  schools	
  is	
  not	
  easy—schools	
  are	
  opened	
  and	
  closed	
  each	
  year,	
  

schools	
  have	
  different	
  course	
  taking	
  patterns	
  and	
  might	
  not	
  offer	
  the	
  same	
  instructional	
  

program	
  to	
  students,	
  and	
  district	
  classification	
  systems	
  often	
  mean	
  multiple	
  school	
  “unit	
  

numbers”	
  occur	
  in	
  the	
  same	
  physical	
  building.	
  I	
  will	
  make	
  some	
  assumptions	
  and	
  clarifica-­‐

tions	
  to	
  enable	
  more	
  straightforward	
  analysis.	
  

From	
  data	
  about	
  science	
  course	
  taking	
  patterns	
  in	
  Chicago	
  (LaForce	
  &	
  Feranchak,	
  

2003),	
  I	
  know	
  that	
  while	
  Biology	
  is	
  often	
  a	
  9th	
  grade	
  course,	
  it	
  is	
  not	
  exclusively	
  so	
  in	
  the	
  

Chicago	
  public	
  schools.	
  The	
  Prairie	
  State	
  Achievement	
  Exam	
  is	
  used	
  in	
  Illinois	
  as	
  the	
  NCLB	
  

accountability	
  exam,	
  given	
  to	
  11th	
  grade	
  students.	
  To	
  identify	
  schools	
  that	
  should	
  be	
  in-­‐

cluded	
  in	
  the	
  comparison	
  set,	
  I	
  will	
  use	
  schools	
  that	
  have	
  a	
  PSAE	
  science	
  score	
  on	
  file.	
  Since	
  

I	
  have	
  exams	
  from	
  both	
  2003-­‐04	
  and	
  2004-­‐05,	
  I	
  will	
  use	
  the	
  aligned	
  list	
  of	
  schools	
  that	
  have	
  

PSAE	
  scores	
  for	
  either	
  of	
  those	
  two	
  years.	
  Of	
  the	
  132	
  high	
  schools	
  listed	
  on	
  the	
  CPS	
  high	
  

school	
  data	
  tables,	
  there	
  are	
  80	
  high	
  schools	
  with	
  PSAE	
  data.	
  Of	
  the	
  73	
  biology	
  exams	
  that	
  

are	
  active,	
  only	
  68	
  are	
  from	
  schools	
  with	
  a	
  PSAE	
  exam—the	
  others	
  are	
  likely	
  from	
  new	
  

schools	
  that	
  have	
  not	
  yet	
  taken	
  the	
  junior	
  year	
  PSAE	
  yet.	
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From	
  Wenzel’s	
  history	
  of	
  mathematics	
  and	
  science	
  reforms	
  in	
  the	
  Chicago	
  Public	
  

Schools	
  (Wenzel,	
  2010),	
  we	
  know	
  there	
  were	
  no	
  major	
  high	
  school	
  science	
  curricular	
  inter-­‐

ventions	
  district-­‐wide	
  between	
  2003-­‐04	
  and	
  2004-­‐05	
  school	
  years.	
  Thus,	
  it	
  is	
  unlikely	
  we	
  

would	
  see	
  major	
  systemic	
  differences	
  in	
  end	
  of	
  semester	
  final	
  exams	
  between	
  these	
  two	
  

academic	
  years.	
  For	
  this	
  reason,	
  I	
  will	
  group	
  these	
  two	
  years	
  together,	
  including	
  possible	
  

schools	
  from	
  either	
  year	
  into	
  the	
  overall	
  list.	
  We	
  also	
  know	
  that	
  at	
  this	
  point	
  there	
  was	
  no	
  

set	
  curriculum,	
  instructional	
  materials,	
  or	
  scope	
  and	
  sequence	
  for	
  biology	
  courses	
  in	
  CPS.	
  

However,	
  the	
  previous	
  work	
  under	
  the	
  previous	
  administration	
  to	
  produce	
  end-­‐of-­‐course	
  

exams	
  (“CASE	
  exams”)	
  generated	
  some	
  course	
  definitions	
  (Chicago	
  Public	
  Schools,	
  2000a),	
  

so	
  I	
  will	
  consider	
  four	
  possible	
  sets	
  to	
  compare	
  against	
  the	
  list	
  of	
  all	
  CPS	
  high	
  schools.	
  

1. CPS	
  high	
  schools	
  with	
  a	
  PSAE	
  score	
  and	
  a	
  semester	
  1	
  biology	
  exam	
  

2. CPS	
  high	
  schools	
  with	
  a	
  PSAE	
  score	
  and	
  a	
  semester	
  2	
  biology	
  exam	
  

3. CPS	
  high	
  schools	
  with	
  a	
  PSAE	
  score	
  and	
  both	
  a	
  semester	
  1	
  and	
  semester	
  2	
  bi-­‐

ology	
  exam	
  

4. CPS	
  high	
  schools	
  with	
  a	
  PSAE	
  score	
  and	
  either	
  a	
  semester	
  1	
  or	
  semester	
  2	
  bi-­‐

ology	
  exam	
  

	
  

The	
  distribution	
  of	
  exams	
  is	
  shown	
  on	
  Table	
  17	
  (by	
  poverty),	
  Table	
  18	
  (by	
  perfor-­‐

mance	
  level),	
  Table	
  19	
  (by	
  performance	
  third),	
  and	
  Table	
  20	
  (by	
  size).	
  A	
  few	
  things	
  are	
  

clear	
  from	
  a	
  simple	
  review	
  of	
  these	
  proportions.	
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First,	
  I	
  have	
  collected	
  mostly	
  semester	
  1	
  exams.	
  The	
  distribution	
  of	
  these	
  is	
  a	
  close	
  

match	
  to	
  the	
  overall	
  distribution	
  of	
  schools.	
  It	
  is	
  reasonable	
  to	
  expect	
  that	
  conclusions	
  

drawn	
  from	
  these	
  exams	
  are	
  representative	
  of	
  all	
  schools.	
  Second,	
  the	
  collection	
  of	
  semes-­‐

ter	
  2	
  exams,	
  while	
  smaller,	
  is	
  still	
  reasonably	
  representative.	
  It	
  is	
  reasonable	
  to	
  expect	
  that	
  

the	
  conclusions	
  drawn	
  about	
  semester	
  2	
  exams	
  apply	
  are	
  representative	
  of	
  the	
  entire	
  

population.	
  Third,	
  it	
  will	
  be	
  difficult	
  to	
  claim	
  that	
  this	
  picture	
  represents	
  all	
  the	
  biology	
  con-­‐

tent	
  students	
  are	
  assessed	
  on,	
  as	
  the	
  proportion	
  of	
  schools	
  that	
  have	
  both	
  semester	
  1	
  and	
  

semester	
  2	
  exams	
  is	
  small.	
  In	
  chapter	
  5,	
  I	
  will	
  compare	
  the	
  content	
  assessed	
  on	
  all	
  semester	
  

2	
  exams	
  and	
  see	
  if	
  the	
  content	
  is	
  similar	
  across	
  all	
  exams.	
  If	
  all	
  semester	
  1	
  exams	
  seem	
  to	
  

cover	
  similar	
  content,	
  and	
  all	
  semester	
  2	
  exams	
  seem	
  to	
  cover	
  similar	
  content	
  as	
  well,	
  I	
  

likely	
  will	
  have	
  a	
  pretty	
  robust	
  picture	
  of	
  content	
  assessed	
  over	
  a	
  student’s	
  biology	
  course-­‐

work,	
  but	
  because	
  of	
  the	
  lack	
  of	
  schools	
  with	
  both	
  semesters	
  included	
  this	
  argument	
  will	
  

not	
  be	
  able	
  to	
  establish	
  conclusively	
  the	
  full	
  range	
  of	
  biology	
  content	
  that	
  students	
  are	
  as-­‐

sessed	
  on.	
  Fourth,	
  it	
  is	
  clear	
  that	
  the	
  claims	
  about	
  representation	
  above	
  apply	
  to	
  distribu-­‐

tion	
  of	
  poverty,	
  performance	
  level,	
  performance	
  third,	
  and	
  size.	
  Regardless	
  of	
  the	
  category,	
  

the	
  distribution	
  is	
  pretty	
  similar.	
  

	
  

CPS	
  High	
  Schools	
   High	
  
Poverty	
  

Low	
  
Poverty	
  

No	
  
Data	
  

Total	
  

Schools	
  with	
  PSAE	
   71	
  (89%)	
   8	
  (10%)	
   1	
  (1%)	
   80	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  1	
  
Biology	
  exam	
  	
  

43	
  (90%)	
   4	
  (8%)	
   1	
  (2%)	
   48	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  2	
   11	
  (73%)	
   4	
  (27%)	
   0	
  (0%)	
   15	
  (100%)	
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CPS	
  High	
  Schools	
   High	
  
Poverty	
  

Low	
  
Poverty	
  

No	
  
Data	
  

Total	
  

Biology	
  exam	
  

Schools	
  with	
  PSAE	
  and	
  both	
  semester	
  1	
  
and	
  semester	
  2	
  Biology	
  exam	
  

3	
  (100%)	
   0	
  (0%)	
   0	
  (0%)	
   3	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  either	
  semester	
  
1	
  and	
  semester	
  2	
  Biology	
  exam	
  

59	
  (87%)	
   9	
  (13%)	
   0	
  (0%)	
   68	
  (100%)	
  

Table 17: Poverty Category Comparison of Schools with PSAE and Schools with PSAE and 
Biology Exam On File 

CPS	
  High	
  Schools	
   Performance	
  Level	
  

High	
   Medium	
   Low	
   No	
  Data	
   Total	
  

Schools	
  with	
  PSAE	
   9	
  (11%)	
   13	
  (16%)	
   53	
  (66%)	
   5	
  (6%)	
   80	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  
semester	
  1	
  Biology	
  exam	
  	
   6	
  (13%)	
   4	
  (8%)	
   37	
  (77%)	
   1	
  (4%)	
   48	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  
semester	
  2	
  Biology	
  exam	
   5	
  (33%)	
   9	
  (60%)	
   1	
  (7%)	
   0	
  (0%)	
   15	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  both	
  
semester	
  1	
  and	
  semester	
  2	
  
Biology	
  exam	
  

0	
  (0%)	
   3	
  (100%)	
   0	
  (0%)	
   0	
  (0%)	
   3	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  either	
  
semester	
  1	
  and	
  semester	
  2	
  
Biology	
  exam	
  

3	
  (4%)	
   20	
  (29%(	
   43	
  (63%)	
   2	
  (29%)	
   68	
  (100%)	
  

Table 18: Performance Category Comparison of Schools with PSAE and Schools with 
PSAE and Biology Exam On File 

	
   	
  



 

 

72 

	
  

CPS	
  High	
  Schools	
  

Performance	
  Third	
  

Total	
  
Top	
  
Third	
  

Middle	
  
Third	
  

Bottom	
  
Third	
  

No	
  Data	
  

Schools	
  with	
  PSAE	
   29	
  
(36%)	
  

30	
  
(38%)	
  

16	
  
(33%)	
   5	
  (6%)	
   80	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  
semester	
  1	
  Biology	
  exam	
  	
  

18	
  
(38%)	
  

17	
  
(35%)	
  

11	
  
(23%)	
   1	
  (2%)	
   48	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  
semester	
  2	
  Biology	
  exam	
  

14	
  
(93%)	
   0	
  (0%)	
   1	
  (7%)	
   0	
  (0%)	
   15	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  both	
  
semester	
  1	
  and	
  semester	
  2	
  
Biology	
  exam	
  

3	
  
(100%)	
   0	
  (0%)	
   0	
  (0%)	
   0	
  (0%)	
   3	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  either	
  
semester	
  1	
  and	
  semester	
  2	
  
Biology	
  exam	
  

29	
  
(43%)	
  

21	
  
(31%)	
  

13	
  
(19%)	
   2	
  (3%)	
   68	
  (100%)	
  

Table 19: Performance Third Comparison of Schools with PSAE and Schools with PSAE 
and Biology Exam On File 
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CPS	
  High	
  Schools	
  

School	
  Size	
  

Total	
  Large	
   Medium	
   Small	
  

Schools	
  with	
  PSAE	
   13	
  (16%)	
   48	
  (60%)	
   19	
  (24%)	
   80	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  1	
  
Biology	
  exam	
  	
  

10	
  (21%)	
   35	
  (73%)	
   3	
  (6%)	
   48	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  2	
  
Biology	
  exam	
  

2	
  (13%)	
   12	
  (80%)	
   1	
  (7%)	
   15	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  both	
  
semester	
  1	
  and	
  semester	
  2	
  Biology	
  
exam	
  

0	
  (0%)	
   3	
  (100%)	
   0	
  (0%)	
   3	
  (100%)	
  

Schools	
  with	
  PSAE	
  and	
  either	
  
semester	
  1	
  and	
  semester	
  2	
  Biology	
  
exam	
  

20	
  (31%)	
   	
  40	
  (62%)	
   5	
  (7%)	
   65	
  (100%)	
  

Table 20: Size Comparison of Schools with PSAE and Schools with PSAE and Biology Ex-
am On File 

Chi-­‐Squared	
  Tests	
  

As	
  mentioned	
  previously,	
  applying	
  a	
  chi-­‐squared	
  test	
  is	
  an	
  incomplete	
  test	
  to	
  de-­‐

termine	
  statistical	
  independence,	
  as	
  the	
  sampling	
  method	
  to	
  collect	
  the	
  exams	
  is	
  not	
  a	
  sim-­‐

ple	
  random	
  sample.	
  Still,	
  we	
  can	
  use	
  this	
  analysis	
  to	
  demonstrate	
  that	
  within	
  typical	
  statis-­‐

tical	
  considerations,	
  the	
  high	
  schools	
  with	
  biology	
  exams	
  are	
  independent	
  from	
  all	
  high	
  

schools.	
  Let	
  us	
  first	
  consider	
  the	
  data	
  shown	
  on	
  Table	
  17.	
  

I	
  will	
  first	
  state	
  the	
  null	
  hypothesis	
  and	
  an	
  alternative	
  hypothesis.	
  

H0:	
  Biology	
  exam	
  presence	
  and	
  poverty	
  levels	
  are	
  independent.	
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Ha:	
  Biology	
  exam	
  presence	
  and	
  poverty	
  levels	
  are	
  not	
  independent.	
  

I	
  will	
  next	
  apply	
  the	
  chi-­‐squared	
  test	
  for	
  independence.	
  Using	
  Microsoft	
  Excel’s	
  built	
  

in	
  chi-­‐squared	
  test	
  and	
  p-­‐value	
  functions,	
  the	
  results	
  shown	
  on	
  Table	
  21	
  are	
  obtained.	
  It	
  is	
  

clear	
  that	
  the	
  resulting	
  p-­‐values	
  are	
  greater	
  than	
  a	
  significance	
  level	
  of	
  0.05,	
  so	
  the	
  alterna-­‐

tive	
  hypothesis	
  cannot	
  be	
  accepted.	
  Thus,	
  biology	
  exam	
  presence	
  and	
  poverty	
  levels	
  are	
  in-­‐

dependent.	
  

On	
  Table	
  22,	
  p-­‐value	
  results	
  for	
  the	
  exam	
  distribution	
  versus	
  performance	
  level	
  are	
  

shown,	
  again	
  with	
  the	
  null	
  hypothesis	
  that	
  exam	
  presence	
  and	
  performance	
  level	
  are	
  inde-­‐

pendent.	
  On	
  Table	
  23,	
  p-­‐value	
  results	
  for	
  the	
  exam	
  distribution	
  versus	
  performance	
  third	
  

are	
  shown,	
  again	
  with	
  the	
  null	
  hypothesis	
  that	
  exam	
  presence	
  and	
  performance	
  third	
  are	
  

independent.	
  On	
  Table	
  24,	
  p-­‐value	
  results	
  for	
  the	
  exam	
  distribution	
  versus	
  school	
  size	
  are	
  

shown,	
  again	
  with	
  the	
  null	
  hypothesis	
  that	
  exam	
  presence	
  and	
  school	
  size	
  are	
  independent.	
  

None	
  of	
  these	
  tests	
  resulted	
  in	
  a	
  p-­‐value	
  less	
  than	
  the	
  significance	
  level,	
  so	
  the	
  alternative	
  

hypothesis	
  cannot	
  be	
  accepted	
  in	
  any	
  case.	
  Therefore,	
  in	
  all	
  cases,	
  the	
  presence	
  of	
  a	
  Biology	
  

exam	
  is	
  independent	
  from	
  the	
  school	
  characteristic	
  variable.	
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Null	
  Hypothesis	
  
Chi-­‐squared	
  
value	
   p-­‐value	
  

Accept	
  
alternative	
  
hypothesis?	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  1	
  Biology	
  exam	
  
and	
  poverty	
  are	
  independent	
   0.00147	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  2	
  Biology	
  exam	
  
and	
  poverty	
  are	
  independent	
   2.17	
  ×	
  10-­‐12	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  both	
  semester	
  1	
  and	
  
semester	
  2	
  Biology	
  exam	
  and	
  poverty	
  are	
  
independent	
  

8.009	
  ×	
  10-­‐17	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  either	
  semester	
  1	
  and	
  
semester	
  2	
  Biology	
  exam	
  and	
  poverty	
  are	
  
independent	
  

0.2066	
   0.4	
   No	
  

Table 21: Results of Chi-Squared Tests On Exam Distribution Versus Poverty 

Null	
  Hypothesis	
   Chi-­‐squared	
  
value	
  

p-­‐value	
   Accept	
  
alternative	
  
hypothesis?	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  1	
  Biology	
  exam	
  
and	
  performance	
  level	
  are	
  independent	
  

0.0016	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  2	
  Biology	
  exam	
  
and	
  performance	
  level	
  are	
  independent	
  

9.48	
  ×	
  10-­‐13	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  both	
  semester	
  1	
  and	
  
semester	
  2	
  Biology	
  exam	
  and	
  performance	
  level	
  
are	
  independent	
  

4.22	
  ×	
  10-­‐17	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  either	
  semester	
  1	
  and	
  
semester	
  2	
  Biology	
  exam	
  and	
  performance	
  level	
  
are	
  independent	
  

0.0095	
   0.05	
   No	
  

Table 22: Results of Chi-Squared Tests On Exam Distribution Versus Performance Level 
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Null	
  Hypothesis	
  
Chi-­‐squared	
  
value	
   p-­‐value	
  

Accept	
  
alternative	
  
hypothesis?	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  1	
  Biology	
  exam	
  
and	
  performance	
  third	
  are	
  independent	
   0.0022	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  2	
  Biology	
  exam	
  
and	
  performance	
  third	
  are	
  independent	
   2.81	
  ×	
  10-­‐12	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  both	
  semester	
  1	
  and	
  
semester	
  2	
  Biology	
  exam	
  and	
  performance	
  third	
  
are	
  independent	
  

5.09	
  ×	
  10-­‐16	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  either	
  semester	
  1	
  and	
  
semester	
  2	
  Biology	
  exam	
  and	
  performance	
  third	
  
are	
  independent	
  

5.92	
  ×	
  10-­‐16	
   0.5	
   No	
  

Table 23: Results of Chi-Squared Tests On Exam Distribution Versus Performance Third 

Null	
  Hypothesis	
   Chi-­‐squared	
  
value	
  

p-­‐value	
   Accept	
  
alternative	
  
hypothesis?	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  1	
  Biology	
  exam	
  
and	
  school	
  size	
  are	
  independent	
   0.00014	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  semester	
  2	
  Biology	
  exam	
  
and	
  school	
  size	
  are	
  independent	
   2.59	
  ×	
  10-­‐12	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  both	
  semester	
  1	
  and	
  
semester	
  2	
  Biology	
  exam	
  and	
  school	
  size	
  are	
  
independent	
  

7.77	
  ×	
  10-­‐17	
   0.5	
   No	
  

Schools	
  with	
  PSAE	
  and	
  either	
  semester	
  1	
  and	
  
semester	
  2	
  Biology	
  exam	
  and	
  school	
  size	
  are	
  
independent	
  

0.00045	
   0.5	
   No	
  

Table 24: Results of Chi-Squared Tests On Exam Distribution Versus School Size 
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Conclusion:	
  This	
  Sample	
  Is	
  Representative	
  

In	
  this	
  section,	
  I	
  have	
  provided	
  evidence	
  to	
  support	
  the	
  following	
  claims	
  about	
  the	
  

set	
  of	
  high	
  school	
  exams	
  collected	
  as	
  part	
  of	
  this	
  research.	
  The	
  schools	
  that	
  have	
  biology	
  

exams	
  on	
  file	
  are	
  representative	
  of	
  the	
  entire	
  CPS	
  high	
  school	
  population,	
  so	
  claims	
  about	
  

this	
  population	
  are	
  valid	
  claims	
  for	
  CPS	
  as	
  a	
  whole.	
  Sub-­‐population	
  claims	
  (school	
  size,	
  

school	
  poverty	
  level,	
  and	
  school	
  performance	
  level)	
  based	
  on	
  this	
  sample	
  population	
  are	
  

also	
  valid	
  claims	
  for	
  CPS	
  as	
  a	
  whole.	
  The	
  collection	
  of	
  semester	
  1	
  and	
  semester	
  2	
  exams	
  are	
  

representative	
  when	
  taken	
  independently,	
  but	
  despite	
  the	
  chi-­‐squared	
  test	
  results	
  for	
  

schools	
  with	
  both	
  semester	
  1	
  and	
  semester	
  2,	
  I	
  will	
  not	
  conclude	
  this	
  content	
  represents	
  

the	
  complete	
  set	
  of	
  content	
  learned	
  by	
  students	
  over	
  the	
  course	
  of	
  their	
  two-­‐semester	
  biol-­‐

ogy	
  course.	
  

Focus	
  Group	
  

With	
  these	
  data	
  tables	
  and	
  some	
  preliminary	
  analysis,	
  I	
  conducted	
  a	
  focus	
  group	
  of	
  

CPS	
  science	
  teachers	
  to	
  elicit	
  their	
  interpretation	
  of	
  the	
  semester	
  exam	
  in	
  CPS	
  science	
  

classrooms.	
  

Teachers	
  were	
  recruited	
  via	
  the	
  CPS	
  science	
  email	
  listserve.	
  A	
  copy	
  of	
  the	
  adver-­‐

tisement	
  to	
  recruit	
  teachers	
  is	
  shown	
  on	
  Figure	
  3.	
  Anyone	
  interested	
  in	
  participating	
  was	
  

invited,	
  resulting	
  in	
  a	
  focus	
  group	
  that	
  is	
  not	
  an	
  elite	
  group	
  of	
  teachers,	
  but	
  also	
  one	
  that	
  

likely	
  is	
  not	
  particularly	
  average,	
  gifted,	
  or	
  representative	
  of	
  anything	
  other	
  than	
  high	
  

school	
  science	
  teaching	
  throughout	
  CPS.	
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Figure 3: Advertisement Sent to CPS Email Lists To Recruit Focus Group Participants 

Research(Protocol:( 200910099,(“High(School(Science(Semester(Tests(In(The(Chicago(Public(Schools”(
Researcher:(( Michael(Lach(

Recruitment(Advertisements(1(version(3.doc( May(5,(2011( page(1(of(1(

Recruitment*Advertisements*
The(potential(participants(for(focus(groups(will(be(recruited(at(random(from(CPS(science(teachers(who(
participate(on(the(CPS(email(mailing(list.(For(more(information(on(the(CPS(email(mailing(list,(please(visit(
http://cmsi.cps.k12.il.us/department_mailinglists.asp.((This(email(list(has(many(suburban(teachers(who(
subscribe(as(well,(and(is(frequently(cross1linked(with(various(suburban(science(teaching(organizations.)(

(

Attention(science(teachers:(

I'm(recruiting(experienced(high(school(science(teachers(for(a(research(activity.(Selected(teachers(will(be(
asked(to(participate(in(an(1.51hour(focus(group(and(discuss(findings(related(to(the(content,(rigor,(and(
assessment(literacy(inherent(in(teacher1created(final(exams(from(high(school(science(courses.(I’m(
looking(for(a(balance(of(teaching(experience,(school(type,(content(specialization,(to(ensure(we(generate(
a(well1rounded(perspective.(The(focus(group(will(occur(at([location](on([date](at([time].(Upon(
completion,(participants(will(receive(a($25(Amazon.com(honorarium(for(participation.(If(you(are(
interested(in(participating,(please(contact(Michael(Lach(at(mlach@teachandlearn.org(or(773/84110149(
and(provide(the(science(courses(you’ve(taught,(the(number(of(years(you’ve(been(teaching,(and(the(
school(name(in(which(you(currently(work.(

(

More(details:(

The(title(of(this(research(is(“High(School(Science(Semester(Tests(In(The(Chicago(Public(Schools,”(protocol(
number(200910099.(By(participating(in(this(research(project,(you’ll(help(advance(our(knowledge(about(
the(depth(and(breadth(of(science(instruction(in(Chicago(high(schools.(The(principal(investigator(is(an(Ed.(
D.(student(at(the(University(of(Illinois(at(Chicago,(and(this(research(constitutes(his(doctoral(thesis.(A(copy(
of(the(research(protocol(and(methodology(is(attached.((

The(principle(investigator(is(Michael(Lach(of(1705(West(George(Street,(Chicago,(IL(60657,(
mlach@teachandlearn.org,(773/84110149.(
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Twelve	
  teachers	
  were	
  selected	
  to	
  participate,	
  and	
  nine	
  actually	
  did.	
  All	
  were	
  practic-­‐

ing,	
  CPS	
  high	
  school	
  teachers	
  from	
  a	
  variety	
  of	
  schools.	
  All	
  participants	
  completed	
  an	
  in-­‐

formed	
  consent	
  form	
  (see	
  Appendix	
  2,	
  page	
  149)	
  and	
  received	
  a	
  $25	
  Amazon.com	
  gift	
  card	
  

for	
  their	
  efforts.	
  

During	
  the	
  focus	
  group,	
  participants	
  responded	
  to	
  and	
  engaged	
  in	
  a	
  discussion	
  driv-­‐

en	
  by	
  a	
  series	
  of	
  slides	
  (see	
  Appendix	
  3,	
  page	
  155)	
  that	
  outlined	
  the	
  study	
  and	
  emerging	
  

data.	
  These	
  slides	
  included	
  a	
  set	
  of	
  questions	
  that	
  were	
  embedded	
  into	
  the	
  discussion.	
  

The	
  focus	
  group	
  conversation	
  was	
  recorded	
  and	
  then	
  transcribed	
  by	
  subcontractors	
  

of	
  Logos	
  Consulting	
  LLC,	
  a	
  small	
  but	
  well	
  regarded	
  local	
  evaluation	
  firm.	
  The	
  transcript	
  was	
  

reviewed	
  for	
  key	
  comments	
  and	
  insights,	
  and	
  these	
  will	
  be	
  used	
  as	
  part	
  of	
  the	
  analysis.	
  

Ethics	
  

The	
  ethical	
  issues	
  of	
  this	
  research	
  project	
  mostly	
  revolve	
  around	
  the	
  typical	
  human	
  

subjects	
  research	
  provisions	
  that	
  are	
  governed	
  by	
  the	
  university’s	
  Institutional	
  Review	
  

Board.	
  This	
  research	
  is	
  exempt	
  from	
  IRB	
  review	
  for	
  the	
  following	
  reasons.	
  (Citations	
  are	
  

from	
  the	
  US	
  Health	
  and	
  Human	
  Services	
  Human	
  Subjects	
  website).	
  

First,	
  this	
  is	
  research	
  that	
  is	
  “conducted	
  in	
  established	
  or	
  commonly	
  accepted	
  educa-­‐

tional	
  settings,	
  involving	
  normal	
  education	
  practices,”	
  leading	
  me	
  to	
  believe	
  that	
  exemption	
  

45	
  CFR	
  46.101(b)(1)	
  applies.	
  Creating	
  semester	
  and	
  final	
  exams	
  in	
  high	
  school	
  science	
  clas-­‐

ses	
  is	
  certainly	
  a	
  typical	
  and	
  commonly	
  accepted	
  practice,	
  and	
  the	
  high	
  school	
  science	
  

classroom	
  is	
  indeed	
  a	
  “normal	
  education	
  practice.”	
  The	
  data	
  was	
  aggregated	
  during	
  the	
  

course	
  of	
  the	
  research,	
  and	
  it	
  was	
  not	
  part	
  of	
  any	
  evaluation	
  process.	
  Indeed,	
  individual	
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teacher	
  names	
  are	
  not	
  included	
  in	
  my	
  original	
  data	
  set	
  of	
  final	
  exams—only	
  the	
  course	
  

name	
  and	
  school.	
  

Second,	
  this	
  is	
  research	
  that	
  involves	
  “…the	
  collection	
  or	
  study	
  of	
  existing	
  data,	
  doc-­‐

uments,	
  records,	
  pathological	
  specimens,	
  or	
  diagnostic	
  specimens.”	
  While	
  other	
  data	
  have	
  

been	
  collected	
  (the	
  focus	
  groups;	
  thus	
  the	
  need	
  for	
  the	
  exemption	
  described	
  above),	
  the	
  ex-­‐

ams	
  that	
  have	
  been	
  collected	
  will	
  not	
  enable	
  individual	
  teachers	
  to	
  be	
  identified.	
  

Of	
  course,	
  it	
  is	
  paramount	
  that	
  in	
  the	
  course	
  of	
  this	
  research,	
  the	
  rights	
  of	
  the	
  teach-­‐

ers	
  whose	
  exams	
  I	
  have	
  study	
  are	
  protected	
  and	
  preserved.	
  There	
  is	
  no	
  way	
  that	
  teachers	
  

could	
  be	
  put	
  at	
  risk	
  of	
  criminal	
  or	
  civil	
  liability,	
  or	
  be	
  socially	
  or	
  emotionally	
  damaged	
  from	
  

the	
  course	
  of	
  this	
  research.	
  	
  

On	
  March	
  25,	
  2009,	
  I	
  was	
  granted	
  a	
  claim	
  of	
  exemption	
  through	
  March	
  20,	
  2012.	
  On	
  

February	
  11,	
  I	
  re-­‐submitted	
  this	
  request,	
  and	
  was	
  granted	
  a	
  new	
  claim	
  of	
  exemption	
  

through	
  February,	
  2015.	
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Chapter	
  5:	
  Findings	
  

Introduction	
  

In	
  chapter	
  3	
  I	
  described	
  the	
  conceptual	
  framework	
  for	
  this	
  study	
  and	
  the	
  methodol-­‐

ogies	
  used	
  to	
  collect	
  and	
  process	
  the	
  data.	
  For	
  this	
  study,	
  the	
  primary	
  data	
  source	
  is	
  a	
  col-­‐

lection	
  of	
  teacher-­‐written	
  end-­‐of-­‐semester	
  final	
  exams	
  from	
  a	
  variety	
  of	
  Chicago	
  Public	
  

School	
  high	
  school	
  science	
  courses.	
  At	
  the	
  conclusion	
  of	
  chapter	
  4,	
  I	
  confirmed	
  that	
  the	
  

sample	
  of	
  exams	
  that	
  I	
  have	
  collected	
  is	
  generally	
  representative	
  of	
  the	
  system	
  as	
  a	
  whole.	
  

In	
  this	
  chapter	
  I	
  will	
  analyze	
  that	
  data.	
  My	
  conclusions	
  will	
  be	
  presented	
  as	
  a	
  series	
  

of	
  findings,	
  with	
  each	
  finding	
  supported	
  by	
  a	
  different	
  take	
  on	
  the	
  data.	
  I	
  will	
  organize	
  my	
  

findings	
  into	
  four	
  major	
  sections—findings	
  about	
  the	
  exams	
  and	
  exam	
  design,	
  findings	
  

about	
  the	
  item	
  type	
  and	
  format,	
  findings	
  about	
  content	
  and	
  content	
  distribution,	
  and	
  find-­‐

ings	
  about	
  cognitive	
  demand.	
  

There	
  are	
  many,	
  many	
  possible	
  arrangements	
  of	
  this	
  data	
  that	
  would	
  likely	
  result	
  in	
  

interesting	
  findings	
  about	
  science	
  instruction	
  in	
  Chicago	
  high	
  schools.	
  I	
  have	
  settled	
  on	
  the	
  

analyses	
  that	
  are	
  likely	
  the	
  most	
  foundational	
  and	
  the	
  most	
  relevant	
  to	
  the	
  largest	
  audi-­‐

ence.	
  In	
  Chapter	
  6	
  I	
  discuss	
  some	
  of	
  the	
  limitations	
  this	
  engenders,	
  and	
  provide	
  options	
  for	
  

further	
  research	
  should	
  more	
  data	
  and	
  resources	
  become	
  available.	
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Exams	
  and	
  Exam	
  Design	
  

The	
  first	
  set	
  of	
  questions	
  will	
  look	
  at	
  the	
  exam	
  table,	
  as	
  described	
  in	
  chapter	
  3,	
  and	
  

attempt	
  the	
  make	
  some	
  conclusions	
  about	
  how	
  exams	
  are	
  structured	
  and	
  designed.	
  As	
  part	
  

of	
  the	
  data	
  collection	
  and	
  coding	
  process,	
  the	
  number	
  of	
  items	
  on	
  each	
  exam	
  was	
  recorded.	
  

There	
  are	
  two	
  major	
  findings	
  associated	
  with	
  exam	
  length.	
  

Finding	
  1:	
  The	
  number	
  of	
  items	
  according	
  to	
  teachers	
  is	
  often	
  not	
  the	
  number	
  of	
  responses	
  

required	
  of	
  students.	
  

As	
  described	
  in	
  chapter	
  4,	
  in	
  the	
  process	
  of	
  coding	
  exams,	
  it	
  became	
  clear	
  that	
  the	
  

question	
  number	
  on	
  the	
  actual	
  exam	
  did	
  not	
  always	
  represent	
  the	
  question	
  number	
  of	
  the	
  

student	
  response	
  desired.	
  For	
  instance,	
  a	
  fill-­‐in-­‐the-­‐blank	
  question	
  that	
  is	
  one	
  sentence	
  

with	
  two	
  blanks	
  is	
  actually	
  two	
  student	
  responses—and	
  the	
  student	
  could	
  presumably	
  

generate	
  none,	
  some,	
  or	
  all	
  of	
  the	
  correct	
  responses.	
  On	
  some	
  exams,	
  teachers	
  count	
  the	
  

sentence;	
  on	
  others	
  they	
  count	
  each	
  possible	
  response.	
  As	
  shown	
  on	
  Table	
  25,	
  almost	
  one	
  

third	
  of	
  exams	
  across	
  all	
  content	
  areas	
  exhibited	
  this	
  disconnect.	
  

	
  

Did	
  the	
  teacher	
  item	
  count	
  
match	
  the	
  actual	
  item	
  count?	
  

Course	
   Total	
  

Biology	
   Chemistry	
   Physics	
  

No	
   27%	
   27%	
   45%	
   29%	
  

Yes	
   73%	
   73%	
   55%	
   71%	
  

Total	
   100%	
   100%	
   100%	
   100%	
  

Table 25: Actual Item Count versus Teacher Item Count 
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In	
  the	
  course	
  of	
  the	
  exam	
  document	
  review,	
  I	
  did	
  not	
  obtain	
  much	
  information	
  about	
  

how	
  the	
  exams	
  were	
  scored	
  and	
  how	
  this	
  raw	
  score	
  was	
  turned	
  into	
  a	
  student	
  grade.	
  In	
  the	
  

focus	
  group,	
  teachers	
  commented	
  that	
  points	
  are	
  often	
  assigned	
  differently	
  for	
  particular	
  

items,	
  but	
  that	
  with	
  the	
  rise	
  of	
  computer-­‐graded	
  tests,	
  the	
  focus	
  has	
  shifted	
  to	
  getting	
  a	
  raw	
  

number	
  from	
  the	
  machine	
  to	
  easily	
  enter	
  that	
  into	
  a	
  grade	
  book	
  with	
  minimal	
  weighting.	
  

For	
  instance,	
  one	
  focus	
  group	
  teacher	
  commented,	
  “…of	
  course	
  everything’s	
  worth	
  the	
  

same	
  because	
  of	
  course	
  you	
  want	
  the	
  machine	
  to	
  tell	
  you	
  what	
  their	
  percentage	
  is	
  and	
  

that’s	
  what	
  you	
  put	
  down,	
  you	
  know”	
  and	
  the	
  group	
  nodded	
  in	
  agreement.	
  At	
  best,	
  the	
  dis-­‐

connect	
  between	
  teacher	
  item	
  count	
  and	
  student	
  item	
  count	
  means	
  that	
  most	
  exams	
  had	
  a	
  

relatively	
  complex	
  scoring	
  guide	
  (one	
  point	
  for	
  these	
  questions,	
  two	
  points	
  for	
  those	
  ques-­‐

tions,	
  etc.).	
  However,	
  few	
  exams	
  included	
  detailed	
  scoring	
  guide	
  or	
  weights	
  on	
  the	
  paper	
  

given	
  to	
  students.	
  At	
  worst,	
  it	
  indicates	
  sloppy	
  and	
  imprecise	
  assessment	
  development.	
  

Given	
  the	
  high	
  number	
  of	
  exams	
  that	
  exhibited	
  this	
  characteristic,	
  it	
  points	
  to	
  a	
  relatively	
  

unsophisticated	
  scoring	
  practice	
  overall,	
  and	
  an	
  incomplete	
  communication	
  of	
  the	
  practice	
  

of	
  turning	
  correct	
  and	
  incorrect	
  responses	
  into	
  grades	
  to	
  students.	
  

Finding	
  2:	
  By	
  subject,	
  all	
  exams	
  exhibited	
  similar	
  characteristics	
  of	
  length.	
  

Statistics	
  that	
  describe	
  the	
  number	
  of	
  items	
  on	
  this	
  set	
  of	
  exams	
  are	
  shown	
  on	
  Table	
  

26,	
  and	
  a	
  distribution	
  is	
  shown	
  on	
  Figure	
  4.	
  Aside	
  from	
  the	
  tendency	
  of	
  physics	
  exams	
  to	
  be	
  

somewhat	
  shorter	
  than	
  the	
  others,	
  the	
  number	
  of	
  item	
  length	
  is	
  similar	
  overall	
  but	
  exhibits	
  

considerable	
  variation.	
  As	
  shown	
  on	
  Table	
  27,	
  Table	
  28,	
  and	
  Table	
  29,	
  the	
  average	
  number	
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of	
  biology	
  items	
  on	
  an	
  exam	
  does	
  not	
  vary	
  much	
  by	
  poverty	
  level,	
  performance	
  level,	
  or	
  size	
  

of	
  the	
  school.	
  

In	
  the	
  focus	
  group,	
  teachers	
  commented	
  that	
  generally	
  exams	
  were	
  designed	
  to	
  take	
  

place	
  during	
  one	
  class	
  period—roughly	
  45	
  minutes	
  long.	
  As	
  one	
  teacher	
  mentioned,	
  “you	
  

give	
  [students]	
  like	
  a	
  10-­‐question	
  worksheet,	
  it	
  takes	
  them	
  like	
  3	
  days	
  to	
  get	
  it	
  done,”	
  so	
  

shorter	
  exams	
  were	
  preferred.	
  

	
  

Course	
   Number	
  Of	
  Items	
  

Average	
   Maximum	
   Minimum	
   Standard	
  Deviation	
  

Biology	
   51.7	
   100	
   15	
   19.7	
  

Chemistry	
   49.9	
   100	
   25	
   20.8	
  

Physics	
   38.3	
   81	
   13	
   19.3	
  

Grand	
  Total	
   50.0	
   100	
   13	
   20.0	
  

Table 26: Descriptive Statistics on Number Of Items In Exams 
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Figure 4: Frequency Count Of Number of Items 

	
  

Poverty	
  Level	
   Average	
  Number	
  Of	
  Biology	
  Items	
  

High	
  	
   52.2	
  

Low	
   48.2	
  

Table 27: Average Number Of Biology Items versus Poverty Level 

	
  

Performance	
  Level	
   Average	
  Number	
  Of	
  Biology	
  Items	
  

Low	
   51.4	
  

Middle	
   54.1	
  

High	
   54.0	
  

No	
  Data	
   45.7	
  

Table 28: Average Number of Biology Items versus Performance Level 
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School	
  Size	
   Average	
  Number	
  of	
  Biology	
  Items	
  

Large	
   51.8	
  

Medium	
   51.3	
  

Small	
   53.6	
  

Table 29: Average Number of Biology Items versus School Size 

Finding	
  3:	
  Many	
  schools	
  have	
  many	
  exams	
  for	
  the	
  same	
  course.	
  

As	
  indicated	
  in	
  chapter	
  4,	
  the	
  73	
  active	
  biology	
  exams	
  come	
  from	
  44	
  CPS	
  schools.	
  

This	
  means	
  many	
  schools	
  had	
  more	
  than	
  one	
  exam	
  per	
  course,	
  as	
  shown	
  on	
  Table	
  30.	
  

Number	
  Of	
  Biology	
  Exams	
  
Per	
  Schools	
  

2003-­‐04	
   2004-­‐05	
  

Semester	
  1	
   Semester	
  2	
   Semester	
  1	
   Semester	
  2	
  

Schools	
  with	
  1	
  exam	
   11	
   5	
   14	
   0	
  

Schools	
  with	
  2	
  exams	
   3	
   2	
   4	
   0	
  

Schools	
  with	
  3	
  exams	
   4	
   1	
   1	
   1	
  

Table 30: Number Of Biology Exams Per Semester and Per School 

The	
  initial	
  request	
  made	
  to	
  schools	
  to	
  collect	
  exams	
  was	
  for	
  one	
  exam	
  per	
  course.	
  

For	
  nearly	
  one	
  third	
  of	
  the	
  high	
  schools,	
  however,	
  multiple	
  exams	
  for	
  the	
  same	
  course	
  were	
  

submitted.	
  The	
  implication	
  here	
  is	
  that	
  at	
  these	
  schools,	
  there	
  is	
  not	
  much	
  curricular	
  coher-­‐

ence	
  between	
  classrooms	
  teaching	
  the	
  same	
  course—some	
  teachers	
  assess	
  different	
  mate-­‐

rial	
  in	
  the	
  same	
  course	
  than	
  other	
  teachers	
  do.	
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The	
  focus	
  group	
  confirmed	
  how	
  hard	
  it	
  is	
  for	
  teams	
  of	
  teachers	
  at	
  the	
  school	
  to	
  

reach	
  consensus	
  about	
  what	
  should	
  be	
  on	
  their	
  exam.	
  One	
  teacher	
  commented,	
  “I	
  know	
  in	
  

our	
  school	
  there’s	
  lots	
  of	
  disagreement	
  about	
  what	
  should	
  be	
  covered,	
  so	
  some	
  teachers	
  

emphasize	
  some	
  topics	
  more	
  than	
  others.”	
  Another	
  teacher	
  elaborated	
  further.	
  

“Yeah,	
  it	
  was	
  very	
  contentious...	
  to	
  get	
  groups	
  of	
  people	
  to	
  agree	
  on	
  one	
  
kind	
  of	
  test.	
  The	
  closest	
  we	
  got…	
  was	
  to	
  say	
  here’s	
  the	
  core	
  principles	
  
that	
  we're	
  going	
  to	
  make	
  for	
  our	
  first	
  quarter	
  test,	
  and	
  we're	
  all	
  going	
  
to	
  give	
  this	
  core	
  exam.	
  And	
  then	
  other	
  people	
  said,	
  well,	
  I	
  want	
  to	
  add	
  
more	
  to	
  it,	
  so	
  I	
  covered	
  this	
  you	
  guys	
  didn’t	
  cover,	
  yeah,	
  that's	
  fine,	
  but	
  
we’re	
  all	
  going	
  to	
  give	
  the	
  same	
  core	
  one.”	
  

One	
  teacher	
  highlighted	
  the	
  leadership	
  issues	
  at	
  play.	
  

“For	
  example	
  when	
  I	
  was	
  the	
  department	
  chair	
  we	
  submitted	
  one	
  biolo-­‐
gy	
  exam,	
  but	
  that's	
  not	
  to	
  say	
  that's	
  the	
  actual	
  exam	
  given	
  by	
  that	
  per-­‐
son	
  in	
  the	
  classroom.	
  That	
  was	
  the	
  official	
  one.	
  So	
  someone	
  in	
  that	
  case,	
  
they	
  sent	
  [CPS	
  headquarters]	
  the	
  official	
  one	
  and	
  [students]	
  got	
  the	
  un-­‐
official	
  one.”	
  

Item	
  Type	
  and	
  Format	
  

I	
  will	
  now	
  analyze	
  the	
  item	
  type	
  distribution	
  on	
  these	
  exams.	
  For	
  this	
  analysis,	
  it	
  is	
  

important	
  to	
  note	
  (as	
  described	
  in	
  the	
  previous	
  chapter	
  and	
  above)	
  that	
  item	
  weights	
  were	
  

requested	
  on	
  all	
  exams	
  but	
  few	
  were	
  received.	
  Where	
  none	
  were	
  received,	
  I	
  assumed	
  that	
  

each	
  answer	
  represented	
  one	
  point,	
  but	
  the	
  actual	
  (and	
  important)	
  process	
  of	
  converting	
  

item	
  scores	
  to	
  grades	
  is	
  beyond	
  the	
  scope	
  of	
  this	
  research.	
  

Table	
  31	
  shows	
  the	
  proportion	
  of	
  item	
  types	
  across	
  the	
  entire	
  set	
  of	
  items	
  by	
  course.	
  

By	
  way	
  of	
  interpreting	
  these	
  numbers,	
  the	
  1%	
  in	
  the	
  Biology	
  column	
  and	
  constructed	
  re-­‐

sponse	
  row	
  means	
  that	
  of	
  the	
  entire	
  active	
  set	
  of	
  biology	
  items,	
  1%	
  of	
  them	
  were	
  classified	
  



 

 

88 

as	
  constructed	
  response.	
  The	
  grand	
  total	
  is	
  the	
  proportion	
  across	
  the	
  entire	
  data	
  set	
  irre-­‐

spective	
  of	
  course.	
  

	
  

Item	
  Type	
   Course	
   Grand	
  
Total	
  

Biology	
   Chemistry	
   Physics	
  

constructed	
  response	
   1%	
   0%	
   5%	
   1%	
  

fill	
  in	
  the	
  blank	
   3%	
   0%	
   2%	
   3%	
  

matching	
   1%	
   0%	
   1%	
   1%	
  

multiple	
  choice	
   83%	
   91%	
   64%	
   82%	
  

rewrite	
  sentence	
   0%	
   0%	
   2%	
   0%	
  

short	
  answer	
   7%	
   8%	
   19%	
   8%	
  

true	
  or	
  false	
   4%	
   1%	
   7%	
   4%	
  

Grand	
  Total	
   100%	
   100%	
   100%	
   100%	
  

Table 31: Item Type Distribution By Content 

When	
  biology	
  item	
  types	
  are	
  examined	
  across	
  semester	
  and	
  school	
  year,	
  no	
  real	
  dif-­‐

ferences	
  emerge,	
  as	
  shown	
  on	
  Table	
  32,	
  with	
  the	
  exception	
  of	
  semester	
  2	
  exams	
  in	
  2004-­‐

05,	
  which	
  show	
  slightly	
  more	
  constructed	
  response	
  and	
  short	
  answer	
  items.	
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Item	
  Type	
  

Biology	
  Exam	
  Items	
  

Grand	
  
Total	
  

2003-­‐04	
   2004-­‐05	
  

Semester	
  1	
   Semester	
  2	
   Semester	
  1	
   Semester	
  2	
  

constructed	
  response	
   0%	
   3%	
   1%	
   6%	
   1%	
  

fill	
  in	
  the	
  blank	
   5%	
   2%	
   2%	
   0%	
   3%	
  

matching	
   2%	
   0%	
   1%	
   0%	
   1%	
  

multiple	
  choice	
   83%	
   86%	
   83%	
   72%	
   83%	
  

no	
  match	
   0%	
   0%	
   0%	
   0%	
   0%	
  

short	
  answer	
   6%	
   8%	
   6%	
   22%	
   7%	
  

true	
  or	
  false	
   5%	
   0%	
   6%	
   0%	
   4%	
  

Grand	
  Total	
   100%	
   100%	
   100%	
   100%	
   100%	
  

Table 32: Biology Item Distribution By School Year and Semester 

Finding	
  4:	
  Most	
  items	
  are	
  multiple-­‐choice.	
  

A	
  comparison	
  of	
  these	
  two	
  tables	
  shows	
  the	
  vast	
  majority	
  of	
  items	
  are	
  multiple	
  

choice;	
  constructed	
  response	
  and	
  short	
  answer	
  questions	
  tend	
  to	
  be	
  worth	
  more	
  propor-­‐

tionally	
  on	
  exams;	
  and	
  exams	
  tend	
  to	
  be	
  similarly	
  constructed	
  across	
  content	
  areas.	
  

The	
  focus	
  group	
  conversation	
  provides	
  three	
  reasons	
  that	
  these	
  item	
  distributions	
  

match	
  what	
  schools	
  are	
  looking	
  for.	
  

First,	
  principals	
  want	
  exams	
  that	
  align	
  to	
  the	
  ACT	
  exam,	
  the	
  high-­‐stakes	
  exam	
  for	
  

their	
  schools.	
  But	
  alignment	
  here	
  most	
  often	
  means	
  aligned	
  by	
  format	
  more	
  than	
  anything	
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else.	
  “You	
  do	
  try	
  to	
  make	
  [your	
  exam]	
  ‘ACT	
  style,’”	
  one	
  teacher	
  commented,	
  because	
  “prin-­‐

cipals	
  care	
  deeply	
  about	
  [standardized]	
  assessments.”	
  The	
  rationale	
  seems	
  to	
  be	
  that	
  stu-­‐

dents	
  need	
  to	
  get	
  used	
  to	
  the	
  format	
  and	
  style	
  because	
  “the	
  significant	
  [exams]	
  are	
  multiple	
  

choice”—almost	
  as	
  if	
  preparing	
  students	
  for	
  exam	
  format	
  trumps	
  exam	
  content.	
  There	
  

seems	
  to	
  be	
  a	
  shared	
  belief	
  among	
  teachers	
  and	
  their	
  administrators	
  that	
  high	
  scores	
  are	
  as	
  

much	
  a	
  function	
  of	
  being	
  familiar	
  with	
  the	
  format	
  as	
  knowing	
  the	
  content.	
  “You	
  should	
  have	
  

stuff	
  that	
  models”	
  the	
  ACT	
  format	
  was	
  the	
  consensus	
  of	
  teachers.	
  Teachers	
  feel	
  the	
  pres-­‐

sure	
  here,	
  too:	
  “there’s	
  so	
  much	
  pressure	
  on	
  ACT	
  scores.”	
  

The	
  second	
  push	
  for	
  multiple-­‐choice	
  came	
  because	
  of	
  the	
  time.	
  Constructed	
  re-­‐

sponse	
  exams	
  take	
  time	
  to	
  grade.	
  Multiple-­‐choice	
  exams—particularly	
  with	
  automated	
  

scoring	
  systems—take	
  much	
  less	
  time.	
  As	
  one	
  focus	
  group	
  member	
  commented,	
  “…because	
  

now	
  we	
  have	
  the	
  Scantron	
  exams,	
  so	
  we	
  can	
  do	
  more	
  stuff	
  online.	
  So	
  it'd	
  be	
  much	
  easier	
  to	
  

[score]	
  now	
  because	
  we	
  have	
  one	
  biology	
  exam	
  online.”	
  In	
  another	
  teacher’s	
  words:	
  

“So	
  I’m	
  not	
  surprised	
  by	
  that.	
  Because	
  even	
  now,	
  we	
  only	
  have	
  a	
  few	
  
constructed	
  response,	
  but	
  they’re	
  very	
  time-­‐consuming	
  to	
  grade.	
  When	
  
you	
  have	
  one-­‐hundred-­‐and-­‐fifty	
  kids	
  times	
  four,	
  that’s	
  six	
  hundred	
  ques-­‐
tions	
  I’ve	
  got	
  to	
  grade	
  in	
  a	
  couple	
  of	
  days.	
  That’s	
  just	
  why	
  people	
  say,	
  if	
  I	
  
don’t	
  have	
  to	
  do	
  it,	
  if	
  it’s	
  all	
  multiple	
  choice,	
  you	
  run	
  it	
  through	
  the	
  ma-­‐
chine,	
  with	
  the	
  item	
  analysis.”	
  

The	
  third	
  reason	
  for	
  the	
  preponderance	
  of	
  multiple-­‐choice	
  items	
  was	
  because	
  they	
  

are	
  easier	
  for	
  students.	
  Teachers	
  commented	
  how	
  their	
  students	
  have	
  very	
  low	
  literacy	
  

skills.	
  For	
  instance:	
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“…Because	
  we	
  have	
  students	
  write	
  lab	
  reports	
  when	
  they	
  do	
  lab,	
  but	
  the	
  
quality	
  of	
  their	
  writing	
  is	
  so	
  poor	
  that,	
  like,	
  they	
  can’t	
  convey	
  what	
  they	
  
know	
  a	
  lot	
  of	
  times,	
  and	
  so	
  we	
  started,	
  in	
  addition	
  to	
  the	
  lab	
  report,	
  giv-­‐
ing	
  them	
  like	
  a	
  lab	
  quiz,	
  like	
  a	
  multiple	
  choice	
  one,	
  and	
  they	
  scored	
  sig-­‐
nificantly	
  better	
  on	
  the	
  quizzes	
  than	
  they	
  ever	
  did	
  on	
  the	
  lab	
  reports.”	
  

Even	
  when	
  teachers	
  put	
  lots	
  of	
  attention	
  on	
  writing	
  and	
  literacy	
  skills,	
  the	
  progress	
  

is	
  slow.	
  

“[We	
  worked	
  really	
  hard]	
  to	
  get	
  the	
  kids	
  to	
  do	
  some	
  rewriting,	
  and	
  writ-­‐
ing	
  to	
  learn.	
  And	
  then	
  we	
  did	
  a	
  lot	
  of	
  constructive	
  response	
  practice.	
  So	
  
now	
  we’re	
  at	
  the	
  point	
  where	
  most	
  of	
  the	
  kids	
  do	
  the	
  constructive	
  re-­‐
sponse,	
  but	
  their	
  scores	
  are	
  very	
  bad,	
  they’re	
  still	
  very	
  low.”	
  

And	
  there	
  is	
  lots	
  of	
  pressure	
  to	
  pass	
  students	
  on.	
  The	
  “actual	
  reality	
  is	
  that	
  like	
  I’m	
  

under	
  tremendous	
  [pressure],	
  I’m	
  in	
  a	
  freshmen	
  academy,	
  and	
  our	
  whole	
  mission	
  is	
  to	
  pass	
  

more	
  freshmen.”	
  Another	
  focus	
  group	
  teacher	
  commented:	
  

“So	
  if	
  my	
  kids	
  don’t	
  do	
  good	
  on	
  constructed	
  response,	
  it’d	
  be	
  foolish	
  for	
  
me	
  to	
  put	
  a	
  lot	
  of	
  those	
  on	
  the	
  test,	
  it’s	
  just	
  going	
  to	
  make	
  their	
  scores	
  
lower.	
  So	
  if	
  I	
  know,	
  and	
  then	
  I’m	
  not	
  saying	
  we	
  do	
  this	
  overtly,	
  but	
  may-­‐
be	
  subconsciously,	
  so	
  if	
  I	
  know	
  my	
  kids	
  have	
  a	
  better	
  chance	
  on	
  multiple	
  
choice,	
  I’m	
  going	
  to	
  give	
  them	
  more	
  multiple	
  choice,	
  because	
  then	
  I’m	
  
going	
  to	
  be	
  able	
  to	
  pass	
  more	
  kids.	
  And	
  I	
  mean	
  I	
  hate	
  to	
  be	
  that	
  overt,	
  
but	
  that’s,	
  I’m	
  under	
  a	
  lot	
  of	
  pressure	
  to	
  make	
  sure	
  my	
  failure	
  rate	
  
doesn’t	
  go	
  above	
  or	
  below	
  a	
  certain	
  point.	
  And	
  so	
  we’re	
  going	
  to	
  try	
  to	
  
give	
  them	
  an	
  assessment	
  that	
  they’re	
  going	
  to	
  do	
  the	
  best	
  on.”	
  

Finding	
  5:	
  Physics	
  exams	
  have	
  more	
  short	
  answer	
  and	
  constructed	
  response	
  items	
  than	
  biolo-­‐

gy	
  or	
  chemistry	
  exams.	
  

The	
  one	
  exception	
  to	
  this	
  is	
  that	
  physics	
  exams	
  tend	
  to	
  have	
  more	
  short	
  answer	
  

questions	
  (often	
  simple	
  calculation	
  or	
  application	
  of	
  formulas)	
  than	
  biology	
  or	
  chemistry.	
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Focus	
  group	
  teachers	
  thought	
  this	
  was	
  reasonable,	
  though	
  they	
  did	
  not	
  have	
  really	
  good	
  

reasons	
  for	
  it:	
  

“Unfortunately,	
  you	
  know,	
  from	
  my	
  experience,	
  you	
  know,	
  chemistry	
  and	
  
biology	
  exams	
  tend	
  to	
  be	
  [lots	
  of]	
  multiple	
  choice	
  questions,	
  and	
  physics	
  
exams,	
  at	
  least	
  in	
  my	
  experience,	
  have	
  tended	
  to	
  be	
  more	
  constructed	
  re-­‐
sponse.”	
  

Content	
  Coverage	
  And	
  Distribution	
  

Now,	
  I	
  will	
  examine	
  the	
  content	
  that	
  is	
  covered	
  on	
  these	
  exams.	
  

Focus	
  group	
  teachers	
  confirmed	
  that	
  final	
  exams	
  are	
  a	
  good	
  measure	
  of	
  what	
  is	
  ac-­‐

tually	
  taught	
  in	
  their	
  classrooms.	
  	
  

“What	
  I	
  notice	
  in	
  my	
  students	
  is	
  generally	
  with	
  my	
  students,	
  a	
  C	
  student	
  
will	
  generally	
  get	
  a	
  C	
  on	
  the	
  exam	
  so	
  I	
  feel	
  like	
  I	
  exams	
  are	
  pretty	
  reflec-­‐
tive	
  of	
  at	
  least	
  their	
  content	
  knowledge	
  and	
  their	
  skills	
  knowledge	
  that	
  
we’re	
  asking	
  for	
  even	
  though	
  there’s	
  lots	
  of	
  things	
  that	
  we	
  do	
  in	
  the	
  
classroom.”	
  

In	
  the	
  coding	
  process,	
  reviewers	
  categorize	
  the	
  content	
  on	
  each	
  item	
  of	
  each	
  exam	
  

using	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  content	
  categories.	
  (See	
  chapter	
  4	
  for	
  more	
  infor-­‐

mation,	
  as	
  well	
  as	
  appendix	
  1	
  on	
  page	
  144	
  for	
  specific	
  details	
  on	
  the	
  Survey	
  of	
  Enacted	
  Cur-­‐

riculum	
  materials.)	
  Each	
  reviewer	
  could	
  choose	
  up	
  to	
  three	
  content	
  categories	
  for	
  each	
  

item,	
  and	
  in	
  cases	
  where	
  multiple	
  reviewers	
  examined	
  the	
  exam,	
  only	
  those	
  categories	
  in-­‐

dicated	
  with	
  consensus	
  were	
  kept.	
  In	
  this	
  analysis,	
  I	
  only	
  report	
  on	
  the	
  high	
  level	
  “K-­‐12	
  Sci-­‐

ence	
  Content	
  Areas”	
  and	
  not	
  the	
  finer-­‐grain	
  sub-­‐codes	
  in	
  order	
  to	
  reduce	
  complexity,	
  but	
  as	
  

noted	
  in	
  the	
  final	
  analysis,	
  a	
  sub-­‐code	
  analysis	
  might	
  reveal	
  some	
  different	
  findings.	
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Finding	
  6:	
  Most	
  items	
  only	
  focus	
  on	
  one	
  particular	
  piece	
  of	
  content.	
  

On	
  Table	
  33,	
  the	
  number	
  of	
  unique	
  content	
  codes	
  is	
  shown	
  by	
  course.	
  From	
  this	
  ta-­‐

ble,	
  it	
  is	
  clear	
  that	
  most	
  items	
  assessed	
  one	
  particular	
  piece	
  of	
  content.	
  Given	
  the	
  prepon-­‐

derance	
  of	
  multiple-­‐choice	
  items	
  on	
  these	
  exams,	
  the	
  fact	
  that	
  most	
  items	
  only	
  assess	
  one	
  

particular	
  piece	
  of	
  content	
  is	
  not	
  too	
  surprising—crafting	
  multiple-­‐choice	
  questions	
  that	
  

address	
  multiple	
  aspects	
  of	
  science	
  is	
  difficult.	
  Items	
  that	
  have	
  zero	
  unique	
  content	
  codes	
  

assessed	
  content	
  that	
  in	
  the	
  coder’s	
  perspective	
  was	
  not	
  part	
  of	
  the	
  Survey	
  of	
  Enacted	
  Cur-­‐

riculum’s	
  science	
  coding	
  framework.	
  

	
  

Course	
   Number	
  of	
  Unique	
  Content	
  Codes	
   Grand	
  
Total	
  

0	
   1	
   2	
   3	
  

Biology	
   294	
   2803	
   587	
   92	
   3776	
  

Chemistry	
   0	
   459	
   109	
   10	
   578	
  

Physics	
   44	
   226	
   125	
   27	
   422	
  

Grand	
  Total	
   338	
   3488	
   821	
   129	
   4776	
  

Table 33: Number of Unique Content Codes 

Content	
  Coverage	
  By	
  Course	
  

Now,	
  I	
  will	
  examine	
  the	
  content	
  covered	
  by	
  particular	
  courses	
  in	
  schools—looking	
  

at	
  exams	
  more	
  holistically	
  to	
  determine	
  the	
  content	
  they	
  address.	
  Since	
  students	
  experi-­‐

ence	
  whole	
  exams	
  as	
  a	
  collection	
  of	
  specific	
  items,	
  this	
  is	
  likely	
  the	
  most	
  relevant	
  way	
  to	
  

explore	
  the	
  science	
  content	
  teachers	
  expect	
  their	
  students	
  to	
  learn.	
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Making	
  Sense	
  Of	
  Content	
  Codes	
  

Of	
  the	
  4776	
  total	
  items,	
  35	
  items	
  did	
  not	
  get	
  matched	
  by	
  coders	
  and	
  were	
  rejected.	
  

Furthermore	
  an	
  additional	
  338	
  did	
  not	
  get	
  scored	
  for	
  content	
  as	
  mentioned	
  above	
  (content	
  

that	
  was	
  not	
  on	
  the	
  Survey	
  Of	
  Enacted	
  Curriculum	
  content	
  guide,	
  often	
  questions	
  about	
  spe-­‐

cific	
  classroom	
  or	
  school	
  procedures),	
  so	
  the	
  total	
  number	
  of	
  items	
  under	
  consideration	
  

here	
  is	
  4776	
  -­‐	
  35	
  -­‐	
  338	
  =	
  4403.	
  

As	
  described	
  in	
  Chapter	
  4	
  and	
  shown	
  on	
  Table	
  33,	
  the	
  coders	
  had	
  the	
  option	
  to	
  as-­‐

sign	
  multiple	
  content	
  codes	
  to	
  some	
  items.	
  This	
  is	
  understandable,	
  as	
  the	
  distinctions	
  be-­‐

tween	
  aspects	
  of	
  content	
  are	
  somewhat	
  fuzzy	
  and	
  demand	
  the	
  knowledge	
  of	
  the	
  coder	
  be	
  

brought	
  to	
  bear	
  on	
  the	
  decision.	
  For	
  biology,	
  2803	
  items	
  had	
  one	
  code,	
  587	
  had	
  two	
  codes,	
  

and	
  92	
  items	
  received	
  three	
  codes.	
  For	
  this	
  analysis,	
  I	
  will	
  treat	
  each	
  code	
  as	
  a	
  separate	
  

item	
  and	
  display	
  results	
  as	
  a	
  proportion	
  of	
  the	
  whole.	
  Thus,	
  for	
  biology,	
  while	
  there	
  are	
  

3776	
  total	
  items,	
  there	
  are	
  2803	
  +	
  2	
  ×	
  587	
  +	
  3	
  ×	
  92	
  =	
  4259	
  total	
  codes.	
  As	
  mentioned	
  in	
  

chapter	
  4,	
  if	
  the	
  item	
  weight	
  was	
  unknown	
  I	
  assumed	
  equal	
  weighting	
  across	
  items.	
  The	
  

proportion	
  of	
  items	
  with	
  no	
  match	
  and	
  no	
  code	
  are	
  also	
  listed	
  here	
  for	
  completeness.	
  

I	
  expect	
  different	
  coverage	
  in	
  first	
  semester	
  and	
  second	
  semester,	
  which	
  gives	
  us	
  the	
  

proportional	
  coverage	
  by	
  topic	
  as	
  shown	
  in	
  Table	
  34.	
  To	
  interpret	
  this	
  table,	
  the	
  6%	
  for	
  the	
  

Nature	
  of	
  Science	
  row	
  and	
  Biology	
  Semester	
  1	
  column	
  means	
  that	
  6%	
  of	
  the	
  assigned	
  con-­‐

tent	
  codes	
  in	
  the	
  entire	
  data	
  set	
  for	
  biology	
  semester	
  one	
  exams	
  were	
  Nature	
  of	
  Science.	
  

Table	
  34	
  paints	
  a	
  picture	
  of	
  content	
  across	
  the	
  entire	
  data	
  set.	
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Content	
  Coverage	
  Over	
  Entire	
  Data	
  Set	
   Biology	
   Chemistry	
   Physics	
  

S1	
   S2	
   S1	
   S2	
   S1	
   S2	
  

Nature	
  of	
  Science	
  	
   6%	
   3%	
   4%	
   0%	
   2%	
   0%	
  

Science	
  &	
  Technology	
  	
   2%	
   0%	
   2%	
   4%	
   0%	
   0%	
  

Science,	
  Health	
  &	
  Environment	
  	
   1%	
   0%	
   0%	
   0%	
   0%	
   0%	
  

Measurement	
  &	
  Calculation	
  in	
  Science	
  	
   2%	
   1%	
   12%	
   6%	
   16%	
   5%	
  

Components	
  of	
  Living	
  Systems	
  	
   28%	
   8%	
   0%	
   0%	
   0%	
   0%	
  

Biochemistry	
  	
   11%	
   4%	
   0%	
   0%	
   0%	
   0%	
  

Botany	
  	
   6%	
   1%	
   0%	
   0%	
   0%	
   0%	
  

Animal	
  Biology	
  	
   1%	
   1%	
   0%	
   0%	
   0%	
   0%	
  

Human	
  Biology	
  	
   1%	
   0%	
   0%	
   0%	
   0%	
   0%	
  

Genetics	
  	
   7%	
   17%	
   0%	
   0%	
   0%	
   0%	
  

Evolution	
  	
   6%	
   15%	
   0%	
   0%	
   0%	
   0%	
  

Reproduction	
  &	
  Development	
  	
   5%	
   3%	
   0%	
   0%	
   0%	
   0%	
  

Ecology	
  	
   8%	
   18%	
   1%	
   0%	
   0%	
   0%	
  

Energy	
  	
   0%	
   0%	
   3%	
   0%	
   14%	
   25%	
  

Motion	
  &	
  Forces	
   0%	
   0%	
   0%	
   1%	
   57%	
   70%	
  

Waves	
   0%	
   0%	
   0%	
   0%	
   2%	
   0%	
  

Kinetics	
  and	
  Equilibrium	
   1%	
   0%	
   2%	
   19%	
   2%	
   0%	
  

Properties	
  of	
  Matter	
   5%	
   3%	
   26%	
   16%	
   0%	
   0%	
  

Earth	
  Systems	
   0%	
   0%	
   0%	
   0%	
   0%	
   0%	
  

Astronomy	
   0%	
   0%	
   0%	
   0%	
   0%	
   0%	
  

Meteorology	
   0%	
   1%	
   2%	
   0%	
   0%	
   0%	
  

Elements	
  &	
  The	
  Periodic	
  System	
   0%	
   0%	
   7%	
   1%	
   0%	
   0%	
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Content	
  Coverage	
  Over	
  Entire	
  Data	
  Set	
   Biology	
   Chemistry	
   Physics	
  

S1	
   S2	
   S1	
   S2	
   S1	
   S2	
  

Chemical	
  Formulas	
  &	
  Reactions	
   3%	
   1%	
   38%	
   26%	
   0%	
   0%	
  

Acids,	
  Bases,	
  &	
  Salts	
   2%	
   2%	
   1%	
   18%	
   0%	
   0%	
  

Organic	
  Chemistry	
   2%	
   0%	
   0%	
   8%	
   0%	
   0%	
  

Nuclear	
  Chemistry	
   0%	
   2%	
   2%	
   0%	
   0%	
   0%	
  

no	
  match	
   1%	
   3%	
   0%	
   0%	
   0%	
   0%	
  

no	
  score	
   4%	
   17%	
   0%	
   0%	
   8%	
   0%	
  

Table 34: Content Coverage By Course 

But	
  this	
  table	
  (Table	
  34)	
  describes	
  the	
  distribution	
  of	
  items	
  across	
  the	
  whole	
  sam-­‐

ple.	
  Also	
  relevant	
  is	
  the	
  proportion	
  of	
  exams	
  that	
  include	
  this	
  content—that	
  provides	
  an	
  

indicator	
  of	
  the	
  distribution	
  of	
  content	
  that	
  students	
  are	
  expected	
  to	
  learn	
  at	
  particular	
  

schools	
  system	
  wide.	
  Table	
  35	
  shows	
  the	
  proportion	
  of	
  exams	
  that	
  include	
  at	
  least	
  one	
  item	
  

addressing	
  a	
  particular	
  content	
  area.	
  To	
  interpret	
  this,	
  the	
  71%	
  Nature	
  of	
  Science	
  row	
  in	
  

the	
  Biology	
  semester	
  1	
  column	
  means	
  that	
  of	
  all	
  58	
  biology	
  semester	
  1	
  exams,	
  71%	
  includ-­‐

ed	
  items	
  that	
  in	
  addressed	
  Nature	
  of	
  Science.	
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Proportion	
  Of	
  Exams	
  
Featuring	
  Particular	
  Content	
  

	
  

Biology	
   Chemistry	
   Physics	
  

S1	
   S2	
   S1	
   S2	
   S1	
   S2	
  

58	
  
exams	
  

15	
  
exams	
  

7	
  
exams	
  

5	
  
exams	
  

10	
  
exams	
  

1	
  
exam	
  

Nature	
  of	
  Science	
  	
   71%	
   27%	
   57%	
   27%	
   40%	
   0%	
  

Science	
  &	
  Technology	
  	
   41%	
   0%	
   29%	
   0%	
   0%	
   0%	
  

Science,	
  Health	
  &	
  Environment	
  	
   10%	
   13%	
   0%	
   13%	
   0%	
   0%	
  

Measurement	
  &	
  Calculation	
  in	
  
Science	
  	
  

36%	
   7%	
   71%	
   7%	
   90%	
   100%	
  

Components	
  of	
  Living	
  Systems	
  	
   86%	
   33%	
   0%	
   33%	
   0%	
   0%	
  

Biochemistry	
  	
   78%	
   40%	
   14%	
   40%	
   0%	
   0%	
  

Botany	
  	
   72%	
   20%	
   0%	
   20%	
   10%	
   0%	
  

Animal	
  Biology	
  	
   16%	
   20%	
   0%	
   20%	
   0%	
   0%	
  

Human	
  Biology	
  	
   29%	
   13%	
   0%	
   13%	
   0%	
   0%	
  

Genetics	
  	
   50%	
   73%	
   0%	
   73%	
   0%	
   0%	
  

Evolution	
  	
   62%	
   80%	
   0%	
   80%	
   0%	
   0%	
  

Reproduction	
  &	
  Development	
  	
   52%	
   40%	
   0%	
   40%	
   0%	
   0%	
  

Ecology	
  	
   53%	
   67%	
   14%	
   67%	
   0%	
   0%	
  

Energy	
  	
   10%	
   0%	
   43%	
   0%	
   60%	
   100%	
  

Motion	
  &	
  Forces	
   2%	
   0%	
   0%	
   0%	
   90%	
   100%	
  

Waves	
   3%	
   0%	
   0%	
   0%	
   10%	
   0%	
  

Kinetics	
  and	
  Equilibrium	
   12%	
   7%	
   14%	
   7%	
   30%	
   0%	
  

Properties	
  of	
  Matter	
   64%	
   13%	
   86%	
   13%	
   10%	
   0%	
  



 

 

98 

Proportion	
  Of	
  Exams	
  
Featuring	
  Particular	
  Content	
  
	
  

Biology	
   Chemistry	
   Physics	
  

S1	
   S2	
   S1	
   S2	
   S1	
   S2	
  

58	
  
exams	
  

15	
  
exams	
  

7	
  
exams	
  

5	
  
exams	
  

10	
  
exams	
  

1	
  
exam	
  

Earth	
  Systems	
   9%	
   7%	
   0%	
   7%	
   0%	
   0%	
  

Astronomy	
   3%	
   0%	
   0%	
   0%	
   0%	
   0%	
  

Meteorology	
   3%	
   13%	
   14%	
   13%	
   0%	
   0%	
  

Elements	
  &	
  The	
  Periodic	
  System	
   9%	
   0%	
   86%	
   0%	
   0%	
   0%	
  

Chemical	
  Formulas	
  &	
  Reactions	
   62%	
   20%	
   100%	
   20%	
   0%	
   0%	
  

Acids,	
  Bases,	
  &	
  Salts	
   52%	
   13%	
   43%	
   13%	
   0%	
   0%	
  

Organic	
  Chemistry	
   38%	
   13%	
   0%	
   13%	
   0%	
   0%	
  

Nuclear	
  Chemistry	
   9%	
   20%	
   29%	
   20%	
   0%	
   0%	
  

Table 35: Proportion Of Exams With Questions In Particular Content Areas 

Several	
  findings	
  emerge	
  from	
  these	
  tables.	
  

Finding	
  7:	
  There	
  is	
  lots	
  of	
  content	
  diversity	
  among	
  biology	
  exams,	
  and	
  less	
  in	
  chemistry	
  or	
  

physics.	
  

The	
  diversity	
  of	
  topics	
  that	
  are	
  included	
  in	
  biology	
  exams	
  is	
  quite	
  striking.	
  Only	
  four	
  

topics—motion	
  and	
  forces,	
  waves,	
  astronomy,	
  and	
  meteorology—appear	
  on	
  less	
  than	
  5%	
  

of	
  the	
  first	
  semester	
  biology	
  exams.	
  Compare	
  this	
  to	
  first	
  semester	
  chemistry,	
  which	
  has	
  13	
  

topics	
  that	
  do	
  not	
  appear,	
  and	
  first	
  semester	
  physics,	
  which	
  has	
  18.	
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Finding	
  8:	
  Biology	
  content	
  follows	
  a	
  traditional	
  sequence,	
  with	
  science	
  process	
  concentrated	
  

in	
  the	
  first	
  semester.	
  

While	
  there	
  is	
  lots	
  of	
  diversity	
  in	
  biology	
  exams,	
  course	
  content—as	
  measured	
  by	
  

the	
  most	
  frequently	
  reported	
  content	
  on	
  exams—still	
  falls	
  into	
  traditional	
  course	
  content	
  

descriptions.	
  On	
  Table	
  36,	
  Table	
  37,	
  and	
  Table	
  38,	
  the	
  most	
  frequently	
  reported	
  topics	
  by	
  

semester	
  are	
  reported	
  for	
  each	
  course.	
  	
  

	
  

Semester	
  1	
   Semester	
  2	
  

Components	
  of	
  Living	
  Systems	
  

Biochemistry	
  
Botany	
  

Nature	
  of	
  Science	
  

Properties	
  of	
  Matter	
  
Evolution	
  

Chemical	
  Formulas	
  &	
  Reactions	
  

Evolution	
  

Genetics	
  
Ecology	
  

Table 36: Most Frequently Reported Biology Content 

	
  

Semester	
  1	
   Semester	
  2	
  

Chemical	
  Formulas	
  &	
  Reactions	
  

Properties	
  of	
  Matter	
  

Elements	
  &	
  The	
  Periodic	
  System	
  
Measurement	
  &	
  Calculation	
  in	
  Science	
  

Nature	
  of	
  Science	
  

Chemical	
  Formulas	
  &	
  Reactions	
  

Acids,	
  Bases,	
  &	
  Salts	
  

Science	
  &	
  Technology	
  
Kinetics	
  and	
  Equilibrium	
  

Properties	
  of	
  Matter	
  

	
  

Table 37: Most Frequently Reported Chemistry Content 
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Semester	
  1	
   Semester	
  2	
  

Measurement	
  &	
  Calculation	
  in	
  Science	
  

Motion	
  &	
  Forces	
  

Energy	
  

Measurement	
  &	
  Calculation	
  in	
  Science	
  

Motion	
  &	
  Forces	
  

Energy	
  

Table 38: Most Frequently Reported Physics Content 

To	
  understand	
  this,	
  I	
  will	
  compare	
  the	
  content	
  contained	
  in	
  these	
  exams	
  with	
  other	
  

references	
  for	
  standard	
  high	
  school	
  Biology	
  content.	
  

In	
  Biology,	
  the	
  sequence	
  of	
  topics	
  traditionally	
  utilized	
  in	
  classrooms	
  came	
  from	
  a	
  

series	
  of	
  mutually	
  reinforcing	
  documents	
  for	
  teachers:	
  national	
  associations	
  (National	
  

Science	
  Teachers	
  Association,	
  1996),	
  from	
  the	
  district	
  (Chicago	
  Public	
  Schools,	
  2000c),	
  or	
  

from	
  textbook	
  publishers.	
  The	
  recommended	
  course	
  content	
  for	
  Biology	
  in	
  the	
  Chicago	
  

Public	
  Schools	
  in	
  2000	
  was	
  described	
  by	
  a	
  document	
  called	
  Expecting	
  More	
  (Chicago	
  Public	
  

Schools,	
  2000a)	
  and	
  summarized	
  on	
  Table	
  39.	
  The	
  course	
  order	
  as	
  reported	
  here	
  was	
  

based	
  on	
  popular	
  textbooks	
  from	
  Prentice	
  Hall	
  (Miller	
  &	
  Levine,	
  1998),	
  Glencoe/McGraw	
  

Hill	
  (Biggs,	
  Kaskel,	
  Lundgren,	
  &	
  Mathieu,	
  1998),	
  and	
  Scott	
  Foresman	
  (Strauss	
  &	
  Lioswski,	
  

1998).	
  It	
  is	
  important	
  to	
  note	
  that	
  the	
  Survey	
  Of	
  Enacted	
  Curriculum	
  coding	
  process	
  uses	
  

particular	
  terminology	
  to	
  help	
  assign	
  exam	
  items	
  to	
  content	
  areas,	
  but	
  these	
  have	
  clear	
  

parallels	
  with	
  the	
  categories	
  described	
  in	
  Expecting	
  More	
  as	
  shown	
  on	
  Table	
  40.	
  

These	
  textbooks	
  typically	
  present	
  something	
  called	
  “The	
  Scientific	
  Method”	
  in	
  the	
  

introductory	
  chapters,	
  devoid	
  from	
  content	
  (N.	
  G.	
  Lederman,	
  1998).	
  While	
  textbooks	
  that	
  

provide	
  an	
  alternative	
  approach	
  to	
  this	
  do	
  exist	
  (such	
  as	
  BSCS’s	
  Biology:	
  A	
  Human	
  Ap-­‐

proach,	
  published	
  by	
  Kendall-­‐Hunt)	
  they	
  are	
  not	
  very	
  popular	
  in	
  schools	
  and	
  classrooms—
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and	
  likely	
  will	
  not	
  be,	
  as	
  long	
  as	
  district	
  documents	
  promote	
  an	
  alternative	
  and	
  more	
  popu-­‐

lar	
  arrangement.	
  

	
  

Biology	
  Content	
  from	
  Expecting	
  More	
   	
  

Semester	
  1	
   Semester	
  2	
  

Chemistry	
  of	
  Biological	
  Processes	
  
Cellular	
  Structures	
  and	
  Functions	
  

Energy	
  Processes	
  in	
  Living	
  Things	
  
DNA	
  and	
  Protein	
  Synthesis	
  

Principles	
  of	
  Heredity	
  and	
  Reproduction	
  
Natural	
  Selection	
  and	
  Evolutionary	
  
Adaptations	
  
Fundamentals	
  of	
  Taxonomy	
  

Environmental	
  Cycles	
  and	
  Ecosystems	
  

Table 39: Biology Content in CPS's Expecting More guide 

When	
  compared	
  to	
  the	
  biology	
  content	
  reflected	
  on	
  exams	
  as	
  show	
  on	
  Table	
  35	
  and	
  

summarized	
  on	
  Table	
  36,	
  clear	
  parallels	
  can	
  be	
  seen.	
  	
  

	
  

Survey	
  Of	
  Enacted	
  Curriculum	
  
category	
  

Likely	
  Expecting	
  More	
  category	
  

Components	
  of	
  Living	
  Systems	
   Cellular	
  Structures	
  and	
  Functions	
  

Energy	
  Processes	
  in	
  Living	
  Things	
  (cellular	
  
respiration	
  and	
  photosynthesis)	
  

Evolution	
   Principles	
  of	
  Heredity	
  and	
  Reproduction	
  

Natural	
  Selection	
  and	
  Evolutionary	
  
Adaptations	
  

Ecology	
   Environmental	
  Cycles	
  and	
  Ecosystems	
  

Genetics	
   DNA	
  and	
  Protein	
  Synthesis	
  

Principles	
  of	
  Heredity	
  and	
  Reproduction	
  

Properties	
  of	
  Matter	
   Chemistry	
  of	
  Biological	
  Processes	
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Survey	
  Of	
  Enacted	
  Curriculum	
  
category	
  

Likely	
  Expecting	
  More	
  category	
  

Nature	
  of	
  Science	
   No	
  match	
  

Botany	
   Fundamentals	
  of	
  Taxonomy	
  (plants)	
  

Biochemistry	
   Chemistry	
  of	
  Biological	
  Processes	
  (likely	
  not	
  
organic	
  chemistry)	
  

Table	
  40:	
  Alignment	
  between	
  items	
  on	
  the	
  Survey	
  Of	
  Enacted	
  Curriculum	
  and	
  
Expecting	
  More	
  

The	
  overall	
  sequence	
  of	
  CPS	
  exam	
  content	
  is	
  quite	
  similar	
  to	
  Expecting	
  More—with	
  a	
  

bit	
  more	
  chemistry,	
  and	
  a	
  bit	
  less	
  taxonomy.	
  The	
  pacing	
  seems	
  slower	
  than	
  the	
  recom-­‐

mended	
  Expecting	
  More	
  pacing,	
  which	
  should	
  not	
  be	
  too	
  surprising—there	
  are	
  always	
  

complications	
  at	
  the	
  school	
  level	
  that	
  make	
  pacing	
  a	
  challenge.	
  Evolution	
  is	
  positioned	
  as	
  a	
  

first	
  semester	
  topic	
  by	
  CPS,	
  but	
  is	
  one	
  of	
  three	
  popular	
  semester	
  2	
  topics	
  on	
  the	
  exams.	
  

Teachers	
  in	
  the	
  focus	
  group	
  confirmed	
  this	
  observation.	
  The	
  teachers	
  commented	
  

that	
  most	
  teachers	
  do	
  things	
  in	
  the	
  same	
  order:	
  “people	
  are	
  going	
  in	
  the	
  same	
  order	
  teach-­‐

ing	
  that	
  first	
  semester,	
  we	
  all	
  do	
  it	
  that	
  way.”	
  We	
  spend	
  a	
  lot	
  of	
  time	
  on	
  “the	
  cell	
  stuff,	
  parts	
  

of	
  cells,”	
  so	
  it	
  makes	
  sense	
  to	
  see	
  that	
  so	
  prominently	
  reported.	
  And	
  “it	
  also	
  seems	
  that	
  

people	
  are	
  going	
  in	
  the	
  same	
  order	
  teaching	
  that	
  first	
  semester.	
  You	
  know	
  when	
  you	
  see	
  

genetics	
  and	
  evolution	
  and	
  ecology	
  second	
  semester,	
  so	
  obviously	
  there’s	
  a	
  lot	
  of	
  similari-­‐

ties	
  among	
  the	
  schools.”	
  

As	
  to	
  the	
  second	
  semester	
  topics,	
  one	
  teacher	
  commented	
  “I’m	
  an	
  evolutionary	
  biol-­‐

ogist.	
  I	
  know	
  very	
  few	
  people	
  get	
  to	
  that;	
  it’s	
  the	
  last	
  chapter	
  of	
  most	
  biology	
  books	
  so	
  I’m	
  

really	
  surprised	
  it’s	
  on	
  there	
  at	
  all.”	
  Others	
  commented	
  that	
  this	
  was	
  a	
  natural	
  case	
  of	
  the	
  

realities	
  of	
  teaching	
  hitting	
  throughout	
  the	
  school	
  year:	
  



 

 

103 

“At	
  the	
  beginning	
  of	
  the	
  school	
  year,	
  you	
  have	
  all	
  these	
  wonderful	
  goals	
  
and	
  ideas	
  and	
  you	
  set	
  the	
  tone	
  and	
  just	
  do	
  this	
  classroom	
  management,	
  
and	
  it’s	
  hard	
  to	
  set	
  the	
  lab	
  and	
  your	
  days	
  quickly	
  falls	
  you	
  know,	
  it’s	
  easy	
  
to	
  fall	
  behind,	
  you	
  got	
  some	
  assemblies	
  coming	
  in	
  there.	
  It	
  doesn’t	
  sur-­‐
prise	
  me	
  that	
  there’s	
  more	
  spread	
  in	
  a	
  semester	
  and	
  that	
  things	
  slide.”	
  

Another	
  issue	
  was	
  the	
  dependence	
  of	
  some	
  content	
  on	
  previous	
  content,	
  which	
  is	
  

probably	
  more	
  acute	
  in	
  chemistry	
  and	
  physics	
  than	
  in	
  biology:	
  “I	
  also	
  think	
  because	
  I	
  just	
  

started	
  teaching	
  chemistry,	
  and	
  seeing	
  that	
  you	
  can’t	
  do	
  second	
  semester	
  chemistry	
  with-­‐

out	
  knowing	
  first	
  semester	
  chemistry	
  whereas	
  like	
  bio[logy],	
  if	
  you	
  don’t	
  know	
  the	
  cell,	
  you	
  

might	
  be	
  able	
  to	
  do	
  ecology.”	
  

There	
  was	
  also	
  the	
  sense	
  that	
  we	
  should	
  expect	
  this,	
  given	
  that	
  teachers	
  organize	
  

their	
  classrooms	
  the	
  way	
  they	
  were	
  taught	
  and	
  that	
  change	
  is	
  difficult.	
  One	
  teacher	
  noted	
  

“People	
  tend	
  to	
  teach	
  the	
  way	
  that	
  they	
  were	
  taught.	
  This	
  very	
  much	
  looks	
  like	
  what	
  I	
  

learned	
  20	
  years	
  ago,	
  sadly.”	
  

Finding	
  9:	
  Science	
  process	
  skills	
  are	
  not	
  assessed	
  much.	
  

Science	
  process	
  skills—even	
  traditionally	
  defined,	
  like	
  the	
  scientific	
  method,	
  in-­‐

quiry,	
  the	
  nature	
  of	
  science—seem	
  to	
  be	
  predominantly	
  taught	
  in	
  the	
  first	
  semester.	
  While	
  

this	
  is	
  not	
  very	
  aligned	
  to	
  the	
  Illinois	
  Learning	
  Standards	
  and	
  quite	
  different	
  from	
  what	
  is	
  

recommended	
  in	
  the	
  Next	
  Generation	
  Science	
  Standards,	
  it	
  does	
  match	
  the	
  sequence	
  com-­‐

mon	
  in	
  basal	
  textbooks	
  (Strauss	
  &	
  Lioswski,	
  1998).	
  It	
  is	
  perhaps	
  not	
  very	
  surprising	
  that	
  

this	
  is	
  presented	
  this	
  way—in	
  contradiction	
  to	
  the	
  modern	
  approach	
  of	
  inquiry	
  (Dow,	
  

2000),	
  the	
  Illinois	
  Learning	
  Standards	
  for	
  science	
  (Illinois	
  State	
  Board	
  Of	
  Education,	
  1997)	
  

put	
  scientific	
  processes	
  into	
  a	
  separate	
  standards	
  (Illinois	
  Learning	
  Goal	
  11A)	
  and	
  do	
  not	
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connect	
  them	
  to	
  content	
  as	
  current	
  research	
  recommends	
  (Singer,	
  Hilton,	
  &	
  

Schweingruber,	
  2005).	
  	
  

Remarkably,	
  the	
  focus	
  group	
  teachers	
  felt	
  surprised	
  to	
  see	
  this	
  much	
  science	
  pro-­‐

cess	
  at	
  all—it	
  was	
  higher	
  than	
  they	
  had	
  expected.	
  One	
  teacher	
  commented	
  “the	
  nature	
  of	
  

science	
  including	
  the	
  process	
  of	
  inquiry,	
  understanding	
  of	
  the	
  inquiry,	
  [the	
  fact]	
  there	
  is	
  [a]	
  

significant	
  amount	
  of	
  nature	
  of	
  science	
  on	
  [the	
  exams],	
  it’s	
  exciting,	
  I	
  mean,	
  I’d	
  like	
  to	
  see	
  

more	
  but,	
  that’s	
  pretty	
  cool	
  that	
  they	
  are,	
  you	
  know,	
  asking,	
  that	
  they’re	
  asking	
  a	
  lot	
  of	
  how	
  

to	
  do	
  science,	
  not	
  just	
  on	
  science.”	
  

Finding	
  10:	
  Some	
  expected	
  content	
  is	
  generally	
  missing	
  from	
  Biology	
  exams.	
  

In	
  particular	
  the	
  low	
  frequency	
  of	
  human	
  biology	
  and	
  animal	
  biology	
  topics	
  is	
  rather	
  

remarkable.	
  Focus	
  group	
  teachers	
  weren’t	
  particularly	
  surprised:	
  “there’s	
  so	
  much	
  to	
  cov-­‐

er”	
  was	
  a	
  popular	
  refrain	
  to	
  questions	
  about	
  content	
  choices.	
  

Finding	
  11:	
  There	
  is	
  little	
  difference	
  in	
  content	
  coverage	
  between	
  high	
  poverty	
  and	
  low	
  pov-­‐

erty	
  high	
  schools.	
  

Now	
  I	
  will	
  examine	
  how	
  content	
  varies	
  based	
  on	
  the	
  poverty	
  level	
  of	
  the	
  school.	
  Ta-­‐

ble	
  41	
  shows	
  biology	
  content	
  coverage	
  for	
  schools	
  by	
  poverty	
  level.	
  This	
  table	
  includes	
  ex-­‐

ams	
  from	
  both	
  semester	
  one	
  and	
  semester	
  two	
  combined.	
  A	
  few	
  things	
  stand	
  out	
  from	
  this	
  

table.	
  First,	
  the	
  content	
  coverage	
  is	
  remarkably	
  similar—the	
  frequencies	
  that	
  appear	
  in	
  

each	
  column	
  are	
  generally	
  within	
  a	
  few	
  percentage	
  points	
  of	
  one	
  another.	
  Second,	
  the	
  low	
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poverty	
  schools	
  tend	
  to	
  do	
  less	
  nature	
  of	
  science	
  content—they	
  appear	
  to	
  focus	
  significant-­‐

ly	
  more	
  on	
  traditional	
  content	
  than	
  more	
  progressive,	
  ways-­‐of-­‐knowing	
  type	
  skills.	
  Third,	
  

there	
  is	
  less	
  introductory	
  chemistry	
  in	
  the	
  low	
  poverty	
  schools,	
  perhaps	
  because	
  students	
  

there	
  likely	
  have	
  a	
  firmer	
  foundation	
  in	
  the	
  physical	
  sciences	
  upon	
  entering.	
  

	
  

Content	
  Coverage	
  
	
  

Biology	
  

High	
  Poverty	
   Low	
  Poverty	
  

64	
  exams	
   9	
  exams	
  

Nature	
  of	
  Science	
  	
   67%	
   22%	
  

Science	
  &	
  Technology	
  	
   34%	
   22%	
  

Science,	
  Health	
  &	
  Environment	
  	
   13%	
   0%	
  

Measurement	
  &	
  Calculation	
  in	
  Science	
  	
   30%	
   33%	
  

Components	
  of	
  Living	
  Systems	
  	
   80%	
   44%	
  

Biochemistry	
  	
   72%	
   56%	
  

Botany	
  	
   66%	
   33%	
  

Animal	
  Biology	
  	
   16%	
   22%	
  

Human	
  Biology	
  	
   28%	
   11%	
  

Genetics	
  	
   53%	
   67%	
  

Evolution	
  	
   64%	
   78%	
  

Reproduction	
  &	
  Development	
  	
   52%	
   33%	
  

Ecology	
  	
   52%	
   89%	
  

Energy	
  	
   9%	
   0%	
  

Motion	
  &	
  Forces	
   2%	
   0%	
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Content	
  Coverage	
  

	
  

Biology	
  

High	
  Poverty	
   Low	
  Poverty	
  

Waves	
   2%	
   11%	
  

Kinetics	
  and	
  Equilibrium	
   13%	
   0%	
  

Properties	
  of	
  Matter	
   56%	
   33%	
  

Earth	
  Systems	
   8%	
   11%	
  

Astronomy	
   2%	
   11%	
  

Meteorology	
   6%	
   0%	
  

Elements	
  &	
  The	
  Periodic	
  System	
   8%	
   0%	
  

Chemical	
  Formulas	
  &	
  Reactions	
   56%	
   33%	
  

Acids,	
  Bases,	
  &	
  Salts	
   47%	
   22%	
  

Organic	
  Chemistry	
   36%	
   11%	
  

Nuclear	
  Chemistry	
   13%	
   0%	
  

Table 41: Content Coverage by School Poverty Level 

Teacher	
  interpretations	
  of	
  this	
  were	
  mixed.	
  Mostly,	
  they	
  agreed	
  that	
  the	
  content	
  

should	
  be	
  similar—biology	
  is	
  biology,	
  after	
  all.	
  They	
  did	
  note	
  that	
  in	
  high	
  poverty	
  schools,	
  

“[students	
  are]	
  coming	
  in	
  with	
  less	
  of	
  a	
  science	
  background,	
  and	
  it’s	
  so	
  varied	
  the	
  back-­‐

ground	
  that	
  they’re	
  coming	
  with.	
  We	
  have	
  to	
  start	
  from	
  ground	
  zero	
  and	
  go	
  over	
  all	
  of	
  the	
  

basics.”	
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Finding	
  12:	
  Both	
  chemistry	
  and	
  physics	
  appear	
  to	
  follow	
  a	
  traditional	
  sequence	
  as	
  well.	
  

On	
  Table	
  37	
  the	
  most	
  frequently	
  categorized	
  chemistry	
  content	
  is	
  listed.	
  On	
  Table	
  

38,	
  the	
  most	
  frequently	
  categorized	
  physics	
  content	
  is	
  listed.	
  While	
  the	
  sample	
  size	
  here	
  is	
  

quite	
  smaller	
  than	
  that	
  of	
  biology,	
  some	
  interesting	
  patterns	
  are	
  visible	
  as	
  well.	
  

When	
  compared	
  to	
  the	
  CPS	
  content	
  guidelines	
  for	
  chemistry	
  (Chicago	
  Public	
  

Schools,	
  2000b)	
  and	
  physics	
  (Chicago	
  Public	
  Schools,	
  2000c)	
  it	
  is	
  clear	
  that	
  the	
  sequence	
  

follows	
  a	
  similar	
  flow	
  to	
  these	
  guiding	
  documents,	
  which	
  is	
  not	
  surprising.	
  

In	
  the	
  focus	
  group,	
  teachers	
  confirmed	
  this	
  sentiment.	
  In	
  physics,	
  “you	
  do	
  kinemat-­‐

ics;	
  you	
  do	
  dynamics.	
  You	
  do	
  Newton’s	
  laws.	
  You	
  do	
  conservation	
  of	
  energy	
  and	
  the	
  year	
  is	
  

over.”	
  There	
  just	
  was	
  not	
  time	
  to	
  do	
  anything	
  else.	
  The	
  mathematics	
  background	
  of	
  stu-­‐

dents	
  can	
  be	
  a	
  problem,	
  too:	
  “[Teachers]	
  think	
  math	
  has	
  to	
  be	
  taught	
  because	
  [students]	
  

don’t	
  know	
  the	
  skills,	
  you	
  know,	
  they	
  start	
  teaching	
  multiplication,	
  all	
  this	
  you	
  know,	
  sign-­‐

ing	
  coefficients,	
  etc.”	
  

Finding	
  13:	
  Some	
  expected	
  content	
  is	
  generally	
  missing	
  from	
  Chemistry	
  and	
  physics	
  exams.	
  

In	
  particular	
  the	
  low	
  frequency	
  of	
  organic	
  chemistry,	
  nuclear	
  chemistry,	
  and	
  waves	
  

is	
  remarkable.	
  It	
  is	
  likely	
  that	
  most	
  CPS	
  students	
  do	
  not	
  have	
  much	
  opportunity	
  to	
  learn	
  

this	
  content.	
  One	
  focus	
  group	
  teacher	
  commented,	
  “I’m	
  surprised	
  that	
  there’s	
  any	
  high	
  

school	
  doing	
  organic	
  chemistry,	
  but	
  then	
  I’m	
  surprised	
  there’s	
  no	
  biochemistry.”	
  The	
  two	
  

physics	
  teachers	
  in	
  the	
  focus	
  group	
  both	
  indicated	
  they	
  taught	
  waves,	
  but	
  I	
  suspect	
  they	
  

were	
  particularly	
  high	
  performing	
  teachers.	
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Cognitive	
  Demand	
  

Now,	
  I	
  will	
  explore	
  how	
  cognitive	
  demand	
  was	
  distributed	
  over	
  these	
  exams.	
  

Making	
  Sense	
  Of	
  Cognitive	
  Demand	
  Codes	
  

Coders	
  only	
  assigned	
  one	
  cognitive	
  demand	
  code	
  for	
  each	
  item.	
  Again	
  assuming	
  the	
  

weight	
  of	
  items	
  is	
  equal	
  on	
  any	
  given	
  exam,	
  this	
  makes	
  determining	
  the	
  relative	
  proportion	
  

of	
  cognitive	
  demand	
  items	
  relatively	
  easy.	
  Of	
  the	
  total	
  4776	
  items,	
  22	
  of	
  them	
  had	
  conflict-­‐

ing	
  matches	
  from	
  coders,	
  and	
  so	
  those	
  items	
  will	
  be	
  removed	
  from	
  the	
  analysis.	
  Further-­‐

more,	
  21	
  items	
  did	
  not	
  get	
  scored,	
  so	
  those	
  will	
  also	
  be	
  removed,	
  leaving	
  a	
  total	
  of	
  4733	
  

items	
  to	
  analyze.	
  

When	
  considering	
  students	
  and	
  schools,	
  the	
  key	
  consideration	
  about	
  cognitive	
  de-­‐

mand	
  is	
  the	
  degree	
  to	
  which	
  levels	
  of	
  demand	
  are	
  distributed	
  across	
  an	
  exam.	
  So	
  I	
  will	
  look	
  

at	
  the	
  proportion	
  of	
  items	
  that	
  fall	
  into	
  each	
  of	
  the	
  cognitive	
  demand	
  categories	
  and	
  see	
  

how	
  they	
  compare	
  across	
  school	
  type	
  and	
  discipline.	
  

On	
  Table	
  42,	
  the	
  proportions	
  of	
  items	
  across	
  the	
  entire	
  data	
  set	
  that	
  fit	
  a	
  particular	
  

cognitive	
  demand	
  level	
  per	
  item	
  per	
  subject	
  are	
  shown.	
  To	
  interpret,	
  the	
  74%	
  at	
  the	
  inter-­‐

section	
  of	
  the	
  memorize	
  row	
  and	
  the	
  biology	
  column	
  means	
  that	
  74%	
  of	
  the	
  items	
  that	
  

were	
  on	
  the	
  73	
  biology	
  exams	
  were	
  coded	
  at	
  the	
  memorize	
  level	
  of	
  cognitive	
  demand.	
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Cognitive	
  Demand	
  
Biology	
   Chemistry	
   Physics	
  

73	
  exams	
   12	
  exams	
   11	
  exams	
  

Memorize	
   74%	
   36%	
   37%	
  

Perform	
  Procedures	
   13%	
   52%	
   45%	
  

Communicate	
  Understanding	
   6%	
   1%	
   6%	
  

Analyze	
  Information	
   6%	
   10%	
   9%	
  

Apply	
  Concepts/Make	
  Connections	
   1%	
   0%	
   2%	
  

Table 42: Average Proportion of Items With Cognitive Demand By Subject 

Finding	
  14:	
  Across	
  all	
  subjects,	
  the	
  proportion	
  of	
  exams	
  with	
  high	
  levels	
  of	
  higher	
  cognitive	
  

demand	
  items	
  is	
  low.	
  

As	
  can	
  be	
  shown,	
  the	
  proportion	
  of	
  items	
  with	
  higher	
  levels	
  of	
  cognitive	
  demand	
  is	
  

pretty	
  low.	
  87%	
  of	
  biology	
  exams	
  focus	
  on	
  memorization	
  and	
  performing	
  procedures;	
  88%	
  

of	
  chemistry	
  exams	
  and	
  82%	
  of	
  physics	
  exams	
  focus	
  in	
  the	
  same	
  area.	
  Very	
  few	
  items	
  focus	
  

on	
  applying	
  concepts/make	
  connections.	
  

Focus	
  group	
  teachers	
  attributed	
  this	
  to	
  a	
  variety	
  of	
  factors,	
  most	
  frequently	
  the	
  push	
  

towards	
  multiple-­‐choice	
  questions	
  because	
  of	
  grading	
  time,	
  a	
  naïve	
  understanding	
  of	
  “ACT	
  

style,”	
  and	
  reliability.	
  Focus	
  group	
  teachers	
  were	
  divided	
  on	
  the	
  issue	
  if	
  multiple-­‐choice	
  

items	
  could	
  even	
  measure	
  high	
  cognitive	
  demand—and	
  they	
  certainly	
  agreed	
  the	
  writing	
  

items	
  that	
  could	
  do	
  that	
  would	
  be	
  challenging.	
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Teachers	
  in	
  the	
  focus	
  group	
  realized	
  the	
  contradictions	
  they	
  were	
  espousing:	
  “the	
  

high	
  poverty	
  kids	
  need...	
  analytical	
  skills,	
  which	
  are	
  most	
  needed	
  for	
  constructive	
  response	
  

pieces,”	
  but	
  then	
  countering	
  with	
  complaints	
  about	
  the	
  low	
  level	
  of	
  skills	
  their	
  students	
  

have	
  and	
  the	
  lack	
  of	
  time	
  they	
  have	
  to	
  teach	
  in	
  this	
  fashion.	
  The	
  consensus	
  of	
  the	
  group	
  was	
  

that	
  the	
  distribution	
  of	
  cognitive	
  demand	
  matched	
  their	
  experiences,	
  but	
  it	
  was	
  pretty	
  frus-­‐

trating	
  for	
  the	
  focus	
  group	
  teachers	
  to	
  see.	
  

Others	
  said	
  there	
  was	
  lots	
  of	
  pressure	
  to	
  pass	
  students	
  forward,	
  particularly	
  at	
  the	
  

freshman	
  level.	
  

“We	
  want	
  to	
  test	
  what	
  we’re	
  supposed	
  to	
  be	
  teaching	
  and	
  what	
  the	
  kids	
  
actually	
  know,	
  but	
  then	
  the	
  actual	
  reality	
  is	
  that	
  like	
  I’m	
  under	
  tremen-­‐
dous	
  [pressure].	
  I’m	
  in	
  a	
  freshmen	
  academy,	
  and	
  our	
  whole	
  mission	
  is	
  to	
  
pass	
  more	
  freshmen.”	
  

There	
  were	
  some	
  outliers,	
  however.	
  By	
  taking	
  a	
  proportion	
  of	
  the	
  number	
  of	
  

weighted	
  items	
  with	
  cognitive	
  demand	
  in	
  categories	
  D	
  (“communicate	
  understanding”),	
  E	
  

(“analyze	
  information”),	
  and	
  F	
  (“apply	
  concepts/make	
  connections”)	
  over	
  the	
  total	
  number	
  

of	
  weighted	
  items,	
  we	
  can	
  see	
  that	
  there	
  are	
  a	
  handful	
  of	
  exams	
  that	
  appear	
  to	
  have	
  consid-­‐

erably	
  more	
  cognitive	
  demand	
  than	
  others.	
  A	
  histogram	
  of	
  this	
  information	
  is	
  shown	
  on	
  

Figure	
  5.	
  In	
  Appendix	
  4	
  on	
  page	
  170,	
  a	
  copy	
  of	
  an	
  exam	
  with	
  a	
  relatively	
  high	
  proportion	
  of	
  

high	
  cognitive	
  demand	
  items	
  is	
  shown	
  (50%).	
  In	
  Appendix	
  5	
  on	
  page	
  180,	
  a	
  copy	
  of	
  an	
  ex-­‐

am	
  with	
  a	
  low	
  proportion	
  of	
  high	
  cognitive	
  demand	
  items	
  is	
  shown.	
  A	
  review	
  of	
  these	
  sam-­‐

ples	
  shows	
  that	
  there	
  isn’t	
  much	
  connection	
  between	
  items	
  and	
  item	
  sets,	
  despite	
  the	
  limi-­‐

tations	
  of	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  tool	
  to	
  identify	
  such	
  connections.	
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Figure 5: Frequency Distribution Of Biology Exams By Proportion Of High Cognitive De-
mand Items 

Finding	
  15:	
  Biology	
  exams	
  focus	
  more	
  on	
  memorization	
  than	
  chemistry	
  or	
  physics.	
  

Also	
  from	
  Table	
  42	
  and	
  Figure	
  5,	
  it	
  is	
  clear	
  that	
  there	
  is	
  a	
  greater	
  proportion	
  of	
  

memorize	
  items	
  on	
  Biology	
  exams	
  than	
  on	
  Chemistry	
  or	
  Physics	
  exams.	
  This	
  makes	
  sense	
  

given	
  the	
  typical	
  sorts	
  of	
  questions	
  that	
  were	
  asked	
  on	
  each.	
  On	
  biology	
  exams,	
  most	
  of	
  the	
  

items	
  tended	
  towards	
  recall	
  of	
  a	
  term	
  or	
  label	
  of	
  a	
  process.	
  In	
  both	
  chemistry	
  and	
  physics	
  

exams,	
  most	
  of	
  the	
  items	
  were	
  simple	
  application	
  of	
  formulas	
  (e.g.	
  Newton’s	
  second	
  law)	
  to	
  

perform	
  basic	
  algebraic	
  procedures.	
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The	
  focus	
  group	
  teachers	
  explained	
  this	
  in	
  terms	
  of	
  vocabulary.	
  One	
  teacher	
  men-­‐

tioned	
  that:	
  

“One	
  of	
  the	
  things	
  that	
  jumps	
  out	
  immediately	
  is	
  just	
  the	
  different	
  be-­‐
tween	
  these	
  [disciplines].	
  Biology	
  for	
  example	
  is	
  extremely	
  vocabulary	
  
heavy,	
  whereas	
  chemistry	
  you	
  use	
  like	
  the	
  same	
  20	
  vocabulary	
  words	
  
the	
  entire	
  year	
  so	
  there’s	
  not	
  that	
  much	
  to	
  memorize.”	
  

Another	
  teacher	
  echoed	
  this:	
  “There	
  you	
  have	
  vocabulary	
  in	
  biology,	
  a	
  lot,	
  and	
  in	
  

physics	
  as	
  well,	
  like	
  5	
  vocabulary	
  words.”	
  

Yet	
  another	
  teacher	
  attributed	
  this	
  to	
  the	
  fact	
  that	
  biology	
  is	
  predominantly	
  a	
  

freshman	
  level	
  course,	
  inadvertently	
  highlighting	
  a	
  misconception	
  about	
  when	
  and	
  how	
  

children	
  learn	
  higher	
  order	
  thinking	
  skills.	
  “I	
  think	
  in	
  most	
  schools	
  Biology	
  is	
  probably	
  a	
  

freshman	
  subject	
  so	
  that's	
  why	
  there	
  might	
  not	
  be	
  so	
  many	
  higher	
  order	
  thinking	
  skills	
  at	
  

that	
  level,	
  'cause	
  you're	
  doing	
  it	
  with	
  ninth	
  graders.”	
  

Finding	
  16:	
  Only	
  slight	
  differences	
  among	
  cognitive	
  demand	
  between	
  high	
  poverty	
  and	
  low	
  

poverty	
  schools.	
  

On	
  Table	
  43,	
  we	
  can	
  see	
  the	
  difference	
  in	
  proportion	
  of	
  items	
  between	
  high	
  poverty	
  

and	
  low	
  poverty	
  schools.	
  In	
  this	
  case,	
  there	
  is	
  a	
  slight	
  shift	
  to	
  more	
  items	
  at	
  the	
  “perform	
  

procedures”	
  level,	
  but	
  it	
  is	
  not	
  very	
  different.	
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Cognitive	
  Demand	
  On	
  Biology	
  Exams	
   Low	
  Poverty	
   High	
  Poverty	
  

Memorize	
   61%	
   80%	
  

Perform	
  Procedures	
   21%	
   10%	
  

Communicate	
  Understanding	
   6%	
   4%	
  

Analyze	
  Information	
   12%	
   5%	
  

Apply	
  Concepts/Make	
  Connections	
   0%	
   1%	
  

Table 43: Cognitive Demand Of Biology Items, By Poverty Level Of School 

One	
  of	
  the	
  focus	
  group	
  teachers	
  had	
  recently	
  made	
  a	
  transition	
  from	
  a	
  high-­‐poverty	
  

school	
  to	
  a	
  low-­‐poverty	
  school,	
  and	
  commented	
  “I	
  remember	
  being	
  at	
  [school	
  name],	
  we	
  

were	
  on	
  probation	
  so	
  we	
  had	
  to	
  do	
  all	
  this	
  [test	
  prep]	
  stuff.”	
  Now,	
  he	
  has	
  much	
  more	
  flexi-­‐

bility	
  to	
  assign	
  more	
  complex	
  tasks	
  and	
  work	
  to	
  his	
  students.	
  

Chapter	
  Conclusions	
  

In	
  this	
  chapter,	
  I	
  have	
  analyzed	
  data	
  about	
  final	
  exam	
  structure,	
  content,	
  and	
  cogni-­‐

tive	
  demand	
  to	
  develop	
  a	
  picture	
  of	
  science	
  assessment	
  in	
  Chicago	
  high	
  schools.	
  To	
  review,	
  

the	
  major	
  findings	
  have	
  been	
  summarized	
  on	
  Table	
  44.	
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#	
   Finding	
  

1	
   The	
  number	
  of	
  items	
  according	
  to	
  teachers	
  is	
  often	
  not	
  the	
  number	
  of	
  responses	
  
required	
  of	
  students.	
  

2	
   By	
  subject,	
  all	
  exams	
  exhibited	
  similar	
  characteristics	
  of	
  length.	
  

3	
   Many	
  schools	
  have	
  many	
  exams	
  for	
  the	
  same	
  course.	
  

4	
   Most	
  items	
  are	
  multiple	
  choice.	
  

5	
   Physics	
  exams	
  have	
  more	
  short	
  answer	
  and	
  constructed	
  response	
  items	
  than	
  biology	
  
or	
  chemistry	
  exams.	
  

6	
   Most	
  items	
  only	
  focus	
  on	
  one	
  particular	
  piece	
  of	
  content.	
  

7	
   There	
  is	
  lots	
  of	
  content	
  diversity	
  among	
  biology	
  exams,	
  and	
  less	
  in	
  chemistry	
  or	
  
physics.	
  

8	
   Biology	
  content	
  follows	
  a	
  traditional	
  sequence,	
  with	
  science	
  process	
  concentrated	
  in	
  
the	
  first	
  semester.	
  

9	
   Science	
  process	
  skills	
  are	
  not	
  assessed	
  much.	
  

10	
   Some	
  expected	
  content	
  is	
  generally	
  missing	
  from	
  Biology	
  exams.	
  

11	
   There	
  is	
  little	
  difference	
  in	
  content	
  coverage	
  between	
  high	
  poverty	
  and	
  low	
  poverty	
  
high	
  schools.	
  

12	
   Both	
  chemistry	
  and	
  physics	
  appear	
  to	
  follow	
  a	
  traditional	
  sequence	
  as	
  well.	
  

13	
   Some	
  expected	
  content	
  is	
  generally	
  missing	
  from	
  Chemistry	
  and	
  physics	
  exams.	
  

14	
   Across	
  all	
  subjects,	
  the	
  proportion	
  of	
  exams	
  with	
  high	
  levels	
  of	
  higher	
  cognitive	
  
demand	
  items	
  is	
  low.	
  

15	
   Biology	
  exams	
  focus	
  more	
  on	
  memorization	
  than	
  chemistry	
  or	
  physics.	
  

16	
   Only	
  slight	
  differences	
  among	
  cognitive	
  demand	
  between	
  high	
  poverty	
  and	
  low	
  
poverty	
  schools.	
  

Table 44: Summary Of Findings 
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Taken	
  together,	
  these	
  findings	
  paint	
  a	
  particular	
  picture	
  of	
  final	
  exams	
  across	
  many	
  

Chicago	
  science	
  classrooms.	
  The	
  tests	
  are	
  long,	
  and	
  mostly	
  low-­‐level	
  multiple-­‐choice	
  ques-­‐

tions,	
  because	
  teachers	
  feel	
  pressure	
  to	
  defend	
  their	
  scores,	
  want	
  to	
  pass	
  students	
  on,	
  do	
  

not	
  have	
  time	
  to	
  grade	
  more	
  complicated	
  items,	
  and	
  believe	
  that	
  matching	
  formats	
  is	
  a	
  path	
  

to	
  ACT	
  performance.	
  The	
  content	
  follows	
  traditional	
  sequences,	
  but	
  does	
  not	
  completely	
  

cover	
  what	
  is	
  expected.	
  The	
  differences	
  among	
  classes	
  are	
  slight,	
  and	
  likely	
  due	
  to	
  under-­‐

standings	
  of	
  courses	
  that	
  are	
  grounded	
  in	
  tradition.	
  Differences	
  between	
  high	
  poverty	
  and	
  

low	
  poverty	
  schools	
  are	
  low.	
  

The	
  content	
  that	
  teachers	
  address	
  aligns	
  well	
  with	
  popular	
  textbooks	
  and	
  the	
  dis-­‐

trict	
  guidelines,	
  though	
  teachers	
  do	
  not	
  cover	
  as	
  much	
  content	
  as	
  they	
  would	
  like	
  to.	
  The	
  

sequence	
  and	
  scope	
  tends	
  to	
  follow	
  that	
  of	
  popular	
  textbooks,	
  more	
  so	
  than	
  either	
  the	
  Illi-­‐

nois	
  Learning	
  Standards	
  or	
  the	
  Next	
  Generation	
  Science	
  Standards.	
  Despite	
  claims	
  about	
  the	
  

importance	
  of	
  inquiry	
  or	
  the	
  nature	
  of	
  science,	
  those	
  topics	
  do	
  not	
  appear	
  very	
  much	
  on	
  

exams.	
  Evolution	
  is	
  included	
  while	
  the	
  environment	
  is	
  not,	
  but	
  this	
  seems	
  to	
  be	
  more	
  a	
  

function	
  of	
  sequence	
  than	
  any	
  decision	
  to	
  address	
  or	
  avoid	
  controversy.	
  Teachers	
  make	
  de-­‐

cisions	
  about	
  content	
  based	
  on	
  their	
  own	
  understanding	
  of	
  the	
  disciplines	
  and	
  the	
  re-­‐

sources	
  they	
  have	
  available	
  to	
  them.	
  

The	
  “academic	
  press”	
  as	
  explained	
  by	
  Lee	
  et.	
  al.	
  (Lee,	
  Smith,	
  Perry,	
  &	
  Smilie,	
  1999)	
  

embodied	
  with	
  these	
  exams	
  is	
  quite	
  low.	
  Most	
  questions	
  are	
  recall	
  or	
  simple	
  procedures,	
  

and	
  there	
  is	
  little	
  higher-­‐level	
  thinking	
  or	
  communication	
  required.	
  (A	
  few	
  outliers	
  do	
  exist,	
  

however.)	
  This	
  seems	
  sadly	
  intentional	
  by	
  teachers—a	
  result	
  of	
  both	
  unsophisticated	
  un-­‐
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derstandings	
  of	
  the	
  discipline,	
  a	
  discouraging	
  sentiment	
  that	
  students	
  are	
  not	
  capable	
  of	
  

much	
  more,	
  and	
  a	
  workload	
  that	
  would	
  make	
  grading	
  more	
  complex	
  exams	
  overwhelming.	
  

These	
  are	
  not	
  sophisticated	
  exams.	
  Overall,	
  there	
  are	
  few	
  science	
  educators	
  who	
  

would	
  want	
  their	
  own	
  children	
  in	
  classrooms	
  bookended	
  by	
  exams	
  such	
  as	
  these.	
  Yet	
  they	
  

appear	
  well	
  designed	
  for	
  the	
  context	
  they	
  operate	
  in:	
  teachers	
  with	
  limited	
  content	
  

knowledge,	
  classroom	
  tools	
  and	
  central	
  office	
  guidance	
  that	
  are	
  unsophisticated,	
  and	
  lead-­‐

ership	
  that	
  has	
  a	
  challenge	
  bringing	
  teachers	
  together	
  within	
  the	
  same	
  school.	
  While	
  it	
  is	
  

clear	
  that	
  this	
  represents	
  a	
  pretty	
  low	
  level	
  of	
  assessment	
  literacy	
  on	
  nearly	
  any	
  measure,	
  it	
  

is	
  also	
  clear	
  that	
  the	
  decisions	
  that	
  teachers	
  are	
  making	
  are	
  very	
  much	
  based	
  on	
  their	
  expe-­‐

riences	
  and	
  contexts.	
  

In	
  the	
  next	
  chapter,	
  I	
  will	
  discuss	
  the	
  probable	
  causes	
  of	
  this	
  situation	
  and	
  the	
  impli-­‐

cations	
  for	
  practice	
  and	
  research.	
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Chapter	
  6:	
  Interpretations	
  

Introduction	
  and	
  Overview	
  

Chapter	
  5	
  concluded	
  with	
  a	
  set	
  of	
  findings	
  (reprinted	
  from	
  Chapter	
  5	
  as	
  Table	
  44,	
  

below)	
  based	
  on	
  an	
  analysis	
  of	
  a	
  large	
  number	
  of	
  high	
  school	
  science	
  end-­‐of-­‐semester	
  ex-­‐

ams	
  from	
  one	
  large	
  urban	
  school	
  district,	
  the	
  Chicago	
  Public	
  Schools.	
  A	
  discussion	
  there	
  

maps	
  those	
  findings	
  back	
  to	
  the	
  research	
  questions	
  that	
  drive	
  this	
  investigation.	
  

In	
  this	
  chapter,	
  I	
  will	
  identify	
  the	
  most	
  important	
  meanings	
  or	
  lessons	
  from	
  these	
  

findings	
  by	
  comparing	
  them	
  to	
  broader	
  issues	
  in	
  science	
  education	
  and	
  education	
  reform.	
  I	
  

will	
  connect	
  them	
  to	
  some	
  national	
  data	
  to	
  explore	
  the	
  degree	
  to	
  which	
  the	
  Chicago	
  Public	
  

Schools	
  setting	
  is	
  unique,	
  and	
  attempt	
  to	
  distill	
  that	
  into	
  the	
  thinking	
  that	
  may	
  well	
  pervade	
  

most	
  CPS	
  science	
  teachers.	
  I	
  will	
  discuss	
  why	
  we	
  see	
  these	
  findings,	
  and	
  the	
  implications	
  

for	
  the	
  system	
  as	
  a	
  whole,	
  as	
  well	
  as	
  for	
  the	
  Next	
  Generation	
  Science	
  Standards.	
  I	
  will	
  then	
  

conclude	
  with	
  some	
  implications	
  for	
  practice	
  that	
  identify	
  actions	
  that	
  teachers	
  and	
  leaders	
  

at	
  all	
  levels	
  might	
  utilize,	
  and	
  discuss	
  the	
  implications	
  for	
  further	
  research.	
  This	
  discussion	
  

will	
  include	
  some	
  literature	
  review,	
  some	
  personal	
  and	
  policy	
  reflection,	
  and	
  some	
  evi-­‐

dence-­‐based	
  speculation.	
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#	
   Finding	
  

1	
   The	
  number	
  of	
  items	
  according	
  to	
  teachers	
  is	
  often	
  not	
  the	
  number	
  of	
  responses	
  
required	
  of	
  students.	
  

2	
   By	
  subject,	
  all	
  exams	
  exhibited	
  similar	
  characteristics	
  of	
  length.	
  

3	
   Many	
  schools	
  have	
  many	
  exams	
  for	
  the	
  same	
  course.	
  

4	
   Most	
  items	
  are	
  multiple-­‐choice.	
  

5	
   Physics	
  exams	
  have	
  more	
  short	
  answer	
  and	
  constructed	
  response	
  items	
  than	
  biology	
  
or	
  chemistry	
  exams.	
  

6	
   Most	
  items	
  only	
  focus	
  on	
  one	
  particular	
  piece	
  of	
  content.	
  

7	
   Biology	
  exams	
  demonstrate	
  considerable	
  content	
  diversity.	
  There	
  is	
  considerable,	
  but	
  
less,	
  content	
  diversity	
  in	
  chemistry	
  or	
  physics.	
  

8	
   Biology	
  content	
  follows	
  a	
  traditional	
  sequence,	
  with	
  science	
  process	
  concentrated	
  in	
  
the	
  first	
  semester.	
  

9	
   Science	
  process	
  skills	
  are	
  not	
  assessed	
  much.	
  

10	
   Some	
  expected	
  content	
  is	
  generally	
  missing	
  from	
  Biology	
  exams.	
  

11	
   There	
  is	
  little	
  difference	
  in	
  content	
  coverage	
  between	
  high	
  poverty	
  and	
  low	
  poverty	
  
high	
  schools.	
  

12	
   Both	
  chemistry	
  and	
  physics	
  appear	
  to	
  follow	
  a	
  traditional	
  sequence	
  as	
  well.	
  

13	
   Some	
  expected	
  content	
  is	
  generally	
  missing	
  from	
  Chemistry	
  and	
  physics	
  exams.	
  

14	
   Across	
  all	
  subjects,	
  the	
  proportion	
  of	
  exams	
  with	
  high	
  levels	
  of	
  higher	
  cognitive	
  
demand	
  items	
  is	
  low.	
  

15	
   Biology	
  exams	
  focus	
  more	
  on	
  memorization	
  than	
  chemistry	
  or	
  physics.	
  

16	
   Only	
  slight	
  differences	
  among	
  cognitive	
  demand	
  between	
  high	
  poverty	
  and	
  low	
  
poverty	
  schools.	
  

Table 45: Summary Of Findings 
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The	
  Most	
  Important	
  Messages	
  From	
  These	
  Findings	
  

So	
  what	
  are	
  the	
  most	
  important	
  messages	
  from	
  these	
  findings,	
  particularly	
  since	
  

they	
  are	
  based	
  on	
  data	
  that	
  is	
  nearly	
  10	
  years	
  old?	
  As	
  mentioned	
  in	
  chapter	
  3,	
  despite	
  the	
  

age	
  of	
  the	
  data,	
  this	
  study	
  provides	
  an	
  important	
  benchmark	
  that	
  documents	
  science	
  teach-­‐

ing	
  and	
  learning	
  in	
  Chicago	
  high	
  schools	
  at	
  a	
  particular	
  point	
  in	
  time—as	
  well	
  as	
  highlight-­‐

ing	
  a	
  method	
  of	
  obtaining	
  such	
  information	
  in	
  the	
  future—that	
  while	
  limited,	
  is	
  cost	
  effec-­‐

tive	
  and	
  conducive	
  to	
  comparison	
  studies	
  across	
  time	
  and	
  other	
  districts.	
  

First,	
  science	
  teachers	
  focus	
  on	
  a	
  specific	
  core	
  of	
  content	
  in	
  their	
  classes	
  that	
  is	
  

common	
  across	
  the	
  system.	
  There	
  is	
  a	
  clear	
  and	
  consistent	
  scope,	
  sequence,	
  and	
  depth	
  of	
  

content	
  in	
  each	
  of	
  the	
  major	
  science	
  courses.	
  While	
  some	
  exams	
  focused	
  a	
  bit	
  more	
  on	
  

some	
  topics	
  than	
  others,	
  by	
  and	
  large	
  biology	
  exams	
  across	
  the	
  city	
  represented	
  very	
  simi-­‐

lar	
  content.	
  Chemistry	
  and	
  physics	
  exams	
  demonstrated	
  a	
  similar	
  core	
  of	
  content.	
  This	
  con-­‐

sistency	
  occurred	
  despite	
  school	
  type	
  and	
  population	
  type.	
  This	
  core	
  of	
  content	
  is	
  quite	
  dif-­‐

ferent	
  from	
  the	
  practices,	
  crosscutting	
  concepts,	
  and	
  disciplinary	
  core	
  ideas	
  that	
  make	
  up	
  

the	
  Next	
  Generation	
  Science	
  Standards	
  (NGSS	
  Lead	
  States,	
  2013b).	
  In	
  particular,	
  science	
  

process	
  skills	
  got	
  relatively	
  little	
  attention	
  on	
  teacher-­‐generated	
  exams.	
  

Second,	
  this	
  content	
  is	
  driven	
  by	
  both	
  district	
  guidelines	
  and	
  popular	
  text-­‐

books,	
  though	
  the	
  latter	
  likely	
  has	
  more	
  influence	
  and	
  both	
  come	
  from	
  a	
  long	
  tradition	
  of	
  

typical	
  content.	
  Both	
  have	
  a	
  rather	
  unsophisticated	
  view	
  of	
  science	
  teaching	
  and	
  learning,	
  

and	
  a	
  particularly	
  simplistic	
  view	
  of	
  scientific	
  inquiry	
  and	
  processes.	
  Given	
  that	
  high	
  school	
  

science	
  support	
  in	
  the	
  Chicago	
  Public	
  Schools	
  was	
  minimal	
  during	
  the	
  timeframe	
  these	
  end-­‐

of-­‐course	
  exams	
  come	
  from	
  and	
  the	
  timeframe	
  immediately	
  prior	
  (Wenzel,	
  2010),	
  it	
  is	
  safe	
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to	
  assume	
  that	
  this	
  was	
  a	
  function	
  of	
  both	
  sources	
  influencing	
  practice:	
  while	
  teachers	
  like-­‐

ly	
  viewed	
  the	
  district	
  documents	
  as	
  an	
  authority,	
  it	
  was	
  not	
  a	
  very	
  far	
  reaching	
  one,	
  and	
  

their	
  local	
  textbooks	
  were	
  the	
  most	
  immediate	
  and	
  concrete	
  source	
  of	
  feedback.	
  Standards	
  

seem	
  to	
  play	
  only	
  an	
  indirect	
  or	
  incomplete	
  role	
  here,	
  as	
  issues	
  like	
  inquiry	
  that	
  receive	
  ex-­‐

tensive	
  attention	
  in	
  the	
  standards	
  document	
  get	
  relatively	
  little	
  attention	
  from	
  teachers.	
  

Low	
  expectations	
  for	
  students	
  and	
  a	
  lack	
  of	
  push	
  from	
  school	
  leadership	
  enhanced	
  the	
  utili-­‐

ty	
  of	
  these	
  weak	
  supports,	
  creating	
  a	
  vicious	
  cycle	
  of	
  instruction	
  that	
  concentrates	
  on	
  

memorization	
  and	
  coverage.	
  Later	
  attempts	
  to	
  change	
  instruction	
  in	
  Chicago	
  Public	
  School	
  

high	
  school	
  science	
  courses	
  via	
  curriculum	
  change	
  highlighted	
  how	
  deeply	
  these	
  behaviors	
  

are	
  ingrained	
  into	
  the	
  culture	
  of	
  high	
  school	
  science	
  teaching	
  (Sporte	
  et	
  al.,	
  2009).	
  

Third,	
  to	
  most	
  teachers,	
  rigor	
  means	
  coverage	
  instead	
  of	
  intellectual	
  press.	
  

There	
  are	
  numerous	
  content	
  areas	
  addressed	
  on	
  these	
  exams,	
  but	
  they	
  do	
  so	
  with	
  generally	
  

low	
  levels	
  of	
  intellectual	
  demand.	
  The	
  adage	
  that	
  content	
  in	
  American	
  classrooms	
  is	
  “a	
  mile	
  

wide	
  and	
  an	
  inch	
  deep”	
  matches	
  that	
  data	
  found	
  here.	
  The	
  dearth	
  of	
  high	
  cognitive	
  demand	
  

items	
  is	
  disappointing,	
  as	
  science	
  educators	
  have	
  been	
  talking	
  about	
  “critical	
  thinking”	
  and	
  

“higher	
  level	
  thinking”	
  for	
  decades	
  (DeBoer,	
  1991).	
  But	
  in	
  the	
  Chicago	
  high	
  school	
  science	
  

case,	
  it	
  is	
  clear	
  that	
  rigor	
  means	
  more	
  memorization	
  and	
  facts—exams	
  could	
  be	
  quite	
  long,	
  

and	
  focused	
  more	
  on	
  minute	
  details	
  of	
  scientific	
  trivia	
  than	
  general	
  sense-­‐making.	
  The	
  pre-­‐

ponderance	
  of	
  low-­‐level	
  questions	
  requiring	
  factual	
  recall	
  or	
  simple	
  algebraic	
  manipulation	
  

makes	
  the	
  occasional	
  protestations	
  from	
  focus	
  group	
  teachers	
  that	
  other	
  classroom	
  activi-­‐

ties—such	
  as	
  classroom	
  laboratories	
  and	
  discussions—focus	
  on	
  more	
  rigorous	
  work	
  rather	
  

suspect.	
  And	
  while	
  the	
  number	
  of	
  items	
  that	
  address	
  inquiry	
  or	
  nature	
  of	
  science	
  issues	
  is	
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quite	
  low,	
  to	
  the	
  focus	
  group	
  teachers,	
  the	
  proportions	
  were	
  surprisingly	
  high.	
  As	
  one	
  focus	
  

group	
  teacher	
  commented,	
  	
  “[the	
  fact]	
  there	
  is	
  [a]	
  significant	
  amount	
  of	
  nature	
  of	
  science	
  on	
  

[the	
  exams],	
  it’s	
  exciting,	
  I	
  mean,	
  I’d	
  like	
  to	
  see	
  more	
  but,	
  that’s	
  pretty	
  cool	
  that	
  they	
  are...	
  

asking	
  a	
  lot	
  of	
  how	
  to	
  do	
  science,	
  not	
  just	
  on	
  science.”	
  In	
  general,	
  science	
  teachers	
  in	
  the	
  

Chicago	
  Public	
  Schools	
  are	
  not	
  asking	
  their	
  students	
  to	
  think	
  very	
  much	
  on	
  their	
  exams.	
  

Fourth,	
  the	
  assessment	
  seems	
  to	
  be	
  delivering	
  what	
  is	
  expected	
  of	
  it.	
  In	
  the	
  fo-­‐

cus	
  group,	
  teachers	
  indicated	
  that	
  final	
  exams	
  are	
  a	
  good	
  measure	
  of	
  what	
  is	
  actually	
  taught	
  

in	
  their	
  classrooms,	
  but	
  also	
  expressed	
  considerable	
  frustration	
  at	
  the	
  entire	
  final	
  exam	
  

routine.	
  Teachers	
  are	
  pushed	
  to	
  use	
  “ACT	
  style”	
  questions,	
  which	
  are	
  interpreted	
  as	
  multi-­‐

ple-­‐choice	
  options.	
  There	
  is	
  a	
  deep	
  teacher	
  mistrust	
  of	
  the	
  high-­‐stakes	
  accountability	
  ex-­‐

ams,	
  as	
  if	
  students	
  just	
  need	
  to	
  be	
  familiar	
  with	
  particular	
  question	
  types	
  instead	
  of	
  deeply	
  

knowledgeable	
  of	
  content	
  in	
  order	
  to	
  score	
  well	
  (E.	
  Allensworth,	
  Correa,	
  &	
  Ponisciak,	
  

2008a).	
  Moreover,	
  this	
  occurs	
  in	
  a	
  professional	
  setting	
  where	
  they	
  are	
  not	
  particularly	
  

trusted	
  to	
  use	
  their	
  own	
  judgments	
  about	
  students	
  and	
  their	
  learning.	
  The	
  teaching	
  load	
  of	
  

most	
  classroom	
  teachers	
  (often	
  more	
  than	
  one	
  hundred	
  students	
  per	
  teacher	
  per	
  semester)	
  

makes	
  more	
  time-­‐intensive	
  prompts	
  and	
  tasks	
  logistically	
  impossible	
  or	
  at	
  least	
  highly	
  un-­‐

likely.	
  In	
  this	
  context,	
  a	
  machine-­‐scored	
  collection	
  of	
  low-­‐level	
  multiple-­‐choice	
  questions	
  

seems	
  disturbingly	
  appropriate.	
  Essentially,	
  final	
  exams	
  are	
  not	
  enacted	
  as	
  they	
  are	
  de-­‐

signed.	
  Teachers	
  agreed	
  that	
  the	
  purposes	
  of	
  final	
  exams	
  were	
  generally	
  laudable—provide	
  

an	
  end-­‐of-­‐semester	
  summative	
  evaluation	
  of	
  overall	
  student	
  learning	
  in	
  the	
  course.	
  But	
  the	
  

constraints	
  placed	
  on	
  the	
  routine,	
  including	
  a	
  push	
  for	
  multiple-­‐choice	
  items,	
  lots	
  of	
  pres-­‐

sure	
  to	
  pass	
  students,	
  little	
  direction	
  about	
  what	
  the	
  exams	
  should	
  constitute,	
  and	
  little	
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time	
  for	
  students	
  to	
  take	
  or	
  teachers	
  to	
  grade	
  the	
  exams,	
  made	
  it	
  nearly	
  impossible	
  for	
  

teachers	
  to	
  craft	
  final	
  exams	
  that	
  did	
  as	
  intended.	
  

Fifth,	
  the	
  district	
  is	
  homogenous.	
  Across	
  the	
  major	
  descriptors	
  of	
  schools—

poverty	
  level,	
  size,	
  and	
  performance—biology	
  exams	
  were	
  remarkably	
  similar.	
  The	
  smaller	
  

collections	
  of	
  physics	
  and	
  chemistry	
  exams	
  were	
  similar	
  to	
  one	
  another	
  as	
  well.	
  There	
  were	
  

not	
  pockets	
  of	
  schools	
  with	
  dramatically	
  different	
  exam	
  structures	
  and	
  content.	
  While	
  there	
  

were	
  a	
  few	
  exams	
  that	
  had	
  items	
  with	
  more	
  cognitive	
  demand	
  than	
  others,	
  90%	
  of	
  the	
  biol-­‐

ogy	
  exams	
  reviewed	
  had	
  20%	
  or	
  less	
  of	
  their	
  weighted	
  items	
  focused	
  on	
  higher	
  cognitive	
  

demand,	
  and	
  77%	
  of	
  the	
  exams	
  had	
  less	
  than	
  10%.	
  As	
  mentioned	
  in	
  chapter	
  5,	
  this	
  analysis	
  

focused	
  on	
  the	
  higher-­‐level	
  “K-­‐12	
  Science	
  Content	
  Areas”	
  (at	
  the	
  hundreds	
  level	
  on	
  the	
  Sur-­‐

vey	
  of	
  Enacted	
  Curriculum)	
  rather	
  than	
  the	
  more	
  fine-­‐grained	
  sub-­‐codes	
  (at	
  the	
  ones	
  level).	
  

A	
  more	
  fine-­‐grained	
  analysis	
  might	
  have	
  discerned	
  more	
  notable	
  content	
  difference	
  be-­‐

tween	
  exams.	
  	
  

How	
  should	
  we	
  reconcile	
  this	
  observed	
  homogeneity	
  of	
  exams	
  with	
  the	
  observed	
  

heterogeneity	
  of	
  performance?	
  First,	
  it’s	
  important	
  to	
  recall	
  that	
  science	
  performance	
  in	
  

Chicago	
  high	
  schools	
  is	
  not	
  very	
  heterogeneous.	
  As	
  shown	
  on	
  Figure	
  6,	
  the	
  majority	
  of	
  CPS	
  

high	
  schools	
  have	
  30%	
  or	
  less	
  of	
  their	
  students	
  meeting	
  or	
  exceeding	
  standards	
  on	
  the	
  

Prairie	
  State	
  Achievement	
  Exam	
  (PSAE)	
  in	
  science	
  in	
  2005,	
  and	
  only	
  14%	
  of	
  schools	
  have	
  

50%	
  or	
  more	
  students	
  meeting	
  or	
  exceeding	
  standards.	
  As	
  shown	
  on	
  Figure	
  7,	
  this	
  isn’t	
  due	
  

to	
  wide	
  ranges	
  of	
  student	
  performance	
  within	
  schools,	
  as	
  the	
  proportion	
  of	
  students	
  ex-­‐

ceeding	
  standards	
  in	
  most	
  schools	
  is	
  also	
  low.	
  Aside	
  from	
  a	
  few	
  schools,	
  most	
  performance	
  

in	
  Chicago	
  Public	
  Schools	
  high	
  schools	
  was	
  homogeneously	
  low.	
  And	
  while	
  the	
  level	
  of	
  per-­‐
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formance	
  many	
  be	
  due	
  to	
  factors	
  other	
  than	
  poor	
  instruction,	
  such	
  as	
  poverty	
  or	
  poor	
  

preparation,	
  there	
  is	
  compelling	
  evidence	
  from	
  other	
  sources	
  that	
  the	
  overall	
  level	
  of	
  in-­‐

struction	
  in	
  CPS	
  high	
  schools	
  needs	
  to	
  improve	
  (Chicago	
  Public	
  Schools,	
  2002).	
  	
  

	
  

Figure 6: Frequency Distribution of PSAE Science Meeting/Exceeding Standards Perfor-
mance By School 
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Figure 7: Distribution of PSAE Science Exceeds Performance By School 

Secondly,	
  while	
  the	
  PSAE	
  is	
  receptive	
  to	
  robust	
  instruction	
  (E.	
  Allensworth	
  et	
  al.,	
  

2008a),	
  the	
  various	
  components	
  of	
  PSAE	
  science	
  exam	
  may	
  not	
  be	
  equally	
  so—and	
  likely	
  

depend	
  on	
  reading	
  ability	
  a	
  great	
  deal	
  (Ponisciak,	
  2005).	
  Furthermore,	
  given	
  that	
  biology	
  is	
  

typically	
  a	
  grade	
  9	
  course	
  (LaForce	
  &	
  Feranchak,	
  2003)	
  and	
  the	
  PSAE	
  is	
  given	
  in	
  grade	
  11,	
  

it’s	
  unclear	
  how	
  sensitive	
  PSAE	
  scores	
  are	
  to	
  biology	
  instruction	
  in	
  particular.	
  Unfortunate-­‐

ly,	
  a	
  district-­‐wide	
  biology	
  course	
  exam	
  that	
  could	
  be	
  used	
  to	
  compare	
  final	
  exam	
  quality	
  

with	
  performance	
  does	
  not	
  exist.	
  

The	
  implication	
  of	
  these	
  last	
  two	
  messages	
  is	
  that	
  there	
  is	
  a	
  district	
  culture	
  among	
  

science	
  teachers	
  and	
  within	
  the	
  final	
  exam	
  routine	
  that	
  drives	
  these	
  low	
  levels	
  of	
  content	
  

71	
  

2	
   0	
   2	
   1	
   0	
   0	
   0	
   0	
   0	
  
0	
  

10	
  

20	
  

30	
  

40	
  

50	
  

60	
  

70	
  

80	
  

10%	
   20%	
   30%	
   40%	
   50%	
   60%	
   70%	
   80%	
   90%	
   100%	
  

N
um

be
r	
  O

f	
  S
ch
oo

ls
	
  

Percent	
  Of	
  Students	
  Exceeding	
  Standards	
  On	
  PSAE	
  Science,	
  2005	
  

DistribuPon	
  Of	
  PSAE	
  Science	
  Exceeds	
  
Performance	
  By	
  School	
  



 

 

125 

coverage	
  and	
  rigor.	
  Given	
  the	
  size	
  of	
  the	
  district,	
  the	
  diversity	
  of	
  students,	
  the	
  diversity	
  of	
  

school	
  size,	
  and	
  the	
  intention	
  of	
  final	
  exams	
  to	
  provide	
  a	
  final	
  summative	
  evaluation	
  of	
  a	
  

semester	
  of	
  coursework,	
  the	
  lack	
  of	
  variance	
  in	
  final	
  exams	
  was	
  unexpected.	
  Given	
  the	
  lim-­‐

ited	
  evidence	
  of	
  the	
  district’s	
  efforts	
  to	
  change	
  this	
  culture	
  in	
  any	
  substantial	
  way—by	
  

more	
  supports,	
  clearer	
  policies,	
  professional	
  development,	
  and	
  curriculum	
  materials—it	
  is	
  

likely	
  this	
  culture	
  runs	
  deep.	
  It	
  is	
  also	
  likely	
  that	
  a	
  combination	
  of	
  preparation	
  efforts	
  and	
  

local	
  school	
  culture	
  contribute	
  to	
  building	
  and	
  sustaining	
  this	
  culture.	
  	
  

Despite	
  these	
  two	
  key	
  messages,	
  we	
  cannot	
  clearly	
  discern	
  causes	
  for	
  them	
  from	
  

this	
  data:	
  

On	
  one	
  hand,	
  given	
  that	
  the	
  final	
  exam	
  routine	
  as	
  enacted	
  doesn’t	
  match	
  how	
  it	
  is	
  in-­‐

tended	
  to	
  function,	
  teachers	
  may	
  create	
  exams	
  that	
  are	
  quite	
  different	
  from	
  their	
  overall	
  

instruction	
  and	
  the	
  design	
  of	
  the	
  course.	
  Following	
  this	
  argument,	
  teachers	
  realize	
  the	
  futil-­‐

ity	
  of	
  doing	
  what	
  they	
  should	
  do	
  to	
  with	
  their	
  finals,	
  and	
  the	
  result	
  is	
  easy-­‐to-­‐write,	
  easy-­‐to-­‐

grade,	
  easy-­‐to-­‐take	
  tests	
  for	
  students—just	
  as	
  the	
  date	
  report	
  here	
  shows.	
  They	
  take	
  the	
  

charge	
  seriously—exams	
  are	
  a	
  “big	
  deal,”	
  after	
  all,	
  but	
  can’t	
  reconcile	
  it	
  with	
  the	
  demands	
  

placed	
  upon	
  them	
  and	
  so	
  compromises	
  are	
  made.	
  Since	
  assessment	
  is	
  always	
  a	
  practice	
  of	
  

“design	
  within	
  constraints,”	
  in	
  this	
  context	
  the	
  constraints	
  result	
  in	
  a	
  broad	
  content,	
  low	
  

rigor	
  exam—despite	
  ostensible	
  claims	
  to	
  students	
  that	
  it’s	
  truly	
  summative.	
  

On	
  the	
  other	
  hand,	
  the	
  broad	
  content	
  coverage	
  and	
  low	
  levels	
  of	
  rigor	
  observed	
  

could	
  point	
  to	
  significant	
  lack	
  of	
  instructional	
  capacity—that	
  teachers	
  don’t	
  have	
  the	
  tools,	
  

support,	
  or	
  know-­‐how	
  to	
  design	
  and	
  administer	
  tests	
  that	
  better	
  represent	
  the	
  science	
  con-­‐

tent	
  they	
  are	
  expected	
  to	
  teach.	
  Because	
  of	
  the	
  observed	
  homogeneity	
  of	
  exams,	
  it	
  is	
  likely	
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not	
  particularly	
  a	
  poverty	
  problem,	
  or	
  a	
  resource	
  problem—though	
  improving	
  the	
  situation	
  

would	
  likely	
  require	
  additional	
  resources.	
  It	
  is	
  a	
  problem	
  with	
  the	
  culture	
  that	
  exists	
  within	
  

the	
  schools	
  and	
  the	
  system.	
  And	
  given	
  that	
  other	
  research	
  shows	
  that	
  disadvantaged	
  stu-­‐

dents	
  tend	
  to	
  receive	
  less	
  effective	
  teaching	
  (Max	
  &	
  Glazerman,	
  2014),	
  the	
  implications	
  

here	
  are	
  sobering:	
  There	
  just	
  are	
  not	
  the	
  opportunities	
  to	
  learn	
  science	
  for	
  students	
  in	
  the	
  

Chicago	
  Public	
  Schools	
  that	
  we	
  might	
  reasonably	
  expect	
  or	
  that	
  our	
  city	
  needs.	
  Of	
  course,	
  

both	
  of	
  these	
  could	
  be	
  true	
  as	
  well—the	
  Chicago	
  Public	
  Schools	
  suffers	
  from	
  both	
  an	
  ill-­‐

designed	
  final	
  exam	
  routine	
  as	
  well	
  as	
  low	
  levels	
  of	
  instructional	
  capacity—and	
  the	
  solu-­‐

tion	
  is	
  to	
  tackle	
  both.	
  

Connecting	
  These	
  Findings	
  To	
  The	
  PSAE	
  

As	
  mentioned	
  in	
  chapter	
  2,	
  the	
  PSAE	
  exam	
  at	
  the	
  time	
  these	
  exams	
  were	
  collected	
  

consisted	
  of	
  two	
  parts—a	
  “day	
  one”	
  that	
  was	
  the	
  ACT	
  Science	
  Reasoning	
  exam	
  and	
  a	
  “day	
  

two”	
  that	
  was	
  an	
  Illinois	
  State	
  Board	
  of	
  Education	
  developed	
  assessment	
  of	
  science	
  content	
  

(Illinois	
  State	
  Board	
  Of	
  Education,	
  2006).	
  The	
  content	
  focus	
  on	
  the	
  collected	
  exams	
  is	
  not	
  

dissimilar	
  to	
  the	
  construction	
  of	
  the	
  day	
  two	
  test:	
  content-­‐focused	
  questions	
  that	
  generally	
  

concern	
  themselves	
  with	
  science	
  facts	
  and	
  minutiae.	
  (The	
  ACT	
  Science	
  Reasoning	
  portion	
  

consisted	
  of	
  considerably	
  more	
  high	
  cognitive	
  demand	
  items.)	
  It	
  is	
  conceivable	
  that	
  this	
  fo-­‐

cus	
  was	
  driving	
  teachers	
  to	
  make	
  their	
  exams	
  similar.	
  However,	
  a	
  cursory	
  analysis	
  of	
  exams	
  

from	
  courses	
  that	
  generally	
  would	
  be	
  offered	
  outside	
  the	
  typical	
  course	
  sequence,	
  such	
  as	
  

Astronomy,	
  shows	
  similar	
  findings.	
  The	
  Astronomy	
  exams	
  generally	
  consisted	
  of	
  recall-­‐

focused	
  questions	
  about	
  astronomical	
  terms	
  and	
  phenomena,	
  in	
  a	
  multiple-­‐choice	
  format.	
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More	
  research	
  would	
  be	
  needed	
  to	
  determine	
  definitely	
  that	
  the	
  pattern	
  holds,	
  but	
  an	
  ini-­‐

tial	
  examination	
  suggests	
  that	
  it	
  does.	
  Since	
  these	
  exams	
  would	
  generally	
  be	
  administered	
  

in	
  senior	
  year,	
  after	
  students	
  had	
  taken	
  the	
  PSAE,	
  it	
  indicates	
  that	
  it	
  is	
  likely	
  that	
  other	
  fac-­‐

tors	
  were	
  more	
  important	
  to	
  teachers	
  in	
  designing	
  their	
  exams	
  than	
  the	
  PSAE	
  “day	
  two”	
  

format.	
  

Putting	
  These	
  Findings	
  In	
  A	
  National	
  Context	
  

How	
  does	
  this	
  differ	
  from	
  reports	
  around	
  the	
  nation?	
  There	
  are	
  not	
  many	
  similar	
  

studies	
  with	
  which	
  to	
  compare	
  this	
  data.	
  Certainly,	
  in	
  terms	
  of	
  tested	
  outcomes,	
  science	
  

performance	
  in	
  the	
  Chicago	
  Public	
  Schools	
  is	
  not	
  so	
  different	
  from	
  that	
  in	
  other	
  large	
  urban	
  

districts—though	
  the	
  most	
  reliable	
  comparison	
  of	
  science	
  performance	
  only	
  addresses	
  

grade	
  4	
  and	
  grade	
  8	
  (National	
  Center	
  for	
  Education	
  Statistics,	
  2011).	
  The	
  2012	
  Survey	
  of	
  

Science	
  and	
  Mathematics	
  Education,	
  conducted	
  periodically	
  by	
  Horizon	
  Research,	
  Inc.,	
  is	
  

likely	
  the	
  most	
  immediate	
  and	
  relevant	
  comparison	
  (Lyons,	
  2013).	
  This	
  work	
  describes	
  the	
  

status	
  of	
  high	
  school	
  (grades	
  9-­‐12)	
  biology	
  instruction	
  based	
  on	
  a	
  large	
  national	
  survey	
  that	
  

samples	
  science	
  instruction	
  at	
  all	
  levels.	
  Some	
  relevant	
  findings	
  from	
  this	
  survey:	
  

• Exams	
  are	
  commonplace.	
  92%	
  of	
  biology	
  teachers	
  reported	
  administering	
  a	
  quiz	
  or	
  

test	
  in	
  the	
  current	
  unit	
  they	
  are	
  teaching.	
  

• Biology	
  teachers	
  depend	
  on	
  instructional	
  materials.	
  84%	
  of	
  biology	
  teachers—more	
  

so	
  than	
  that	
  of	
  other	
  science	
  disciplines—reported	
  using	
  commercially	
  developed	
  in-­‐

structional	
  materials.	
  These	
  tended	
  to	
  be	
  (58%)	
  single	
  commercially-­‐available	
  text-­‐
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books	
  from	
  Pearson,	
  Houghton	
  Mifflin	
  Harcourt,	
  and	
  McGraw-­‐Hill.	
  76%	
  of	
  biology	
  

teachers	
  thought	
  their	
  textbooks	
  were	
  good,	
  very	
  good	
  or	
  excellent.	
  

• Classroom	
  activities	
  skew	
  towards	
  lower	
  level	
  cognitive	
  demand.	
  The	
  most	
  com-­‐

monly	
  reported	
  biology	
  classroom	
  activities	
  are,	
  in	
  order,	
  (1)	
  teacher	
  explaining	
  a	
  sci-­‐

ence	
  idea	
  to	
  the	
  whole	
  class,	
  (2)	
  whole	
  class	
  discussion,	
  (3)	
  students	
  completing	
  text-­‐

book/worksheet	
  problems,	
  and	
  (4)	
  students	
  reading	
  about	
  science.	
  While	
  the	
  Horizon	
  

study	
  does	
  not	
  make	
  any	
  claims	
  about	
  the	
  relative	
  intellectual	
  demand	
  for	
  these	
  sorts	
  of	
  

activities,	
  they	
  as	
  a	
  whole	
  fall	
  into	
  a	
  model	
  of	
  “teacher	
  centered	
  instruction”	
  that	
  domi-­‐

nates	
  in	
  high	
  schools	
  (Cuban,	
  1993).	
  

• There	
  is	
  not	
  much	
  support.	
  40%	
  of	
  biology	
  teachers	
  indicated	
  they	
  had	
  received	
  less	
  

than	
  15	
  hours	
  of	
  science-­‐focused	
  professional	
  development	
  over	
  the	
  past	
  three	
  years.	
  

Given	
  that	
  some	
  studies	
  expect	
  as	
  much	
  as	
  100	
  hours	
  of	
  professional	
  development	
  to	
  

see	
  a	
  change	
  in	
  student	
  learning	
  (S.	
  Wilson,	
  2013)	
  this	
  is	
  a	
  remarkably	
  low	
  number.	
  

Based	
  on	
  this	
  data,	
  the	
  situation	
  in	
  Chicago	
  Public	
  School	
  high	
  school	
  science	
  class-­‐

rooms	
  likely	
  is	
  not	
  particularly	
  different	
  from	
  those	
  around	
  the	
  country.	
  	
  What	
  this	
  study	
  

adds	
  to	
  this	
  picture,	
  however,	
  is	
  the	
  sense	
  of	
  scale:	
  For	
  the	
  city	
  of	
  Chicago,	
  we	
  know	
  now	
  

the	
  decisions	
  teachers	
  are	
  making.	
  	
  This	
  study	
  provides	
  much	
  more	
  local	
  specificity	
  to	
  the	
  

above,	
  and	
  as	
  described	
  above,	
  shows	
  how	
  homogenous	
  the	
  decisions	
  about	
  content	
  cover-­‐

age	
  and	
  intellectual	
  demand	
  are	
  in	
  Chicago	
  science	
  classrooms	
  as	
  well	
  as	
  highlights	
  some	
  

dysfunctions	
  in	
  policy.	
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The	
  Thought	
  Processes	
  Of	
  Science	
  Teachers	
  

This	
  leaves	
  us	
  with	
  a	
  somewhat	
  frustrating	
  picture	
  of	
  what	
  teaching	
  biology	
  likely	
  

feels	
  like	
  to	
  most	
  teachers.	
  Based	
  on	
  the	
  evidence	
  of	
  the	
  exams	
  themselves	
  and	
  on	
  the	
  re-­‐

sponses	
  provided	
  by	
  focus	
  group	
  participants,	
  teacher’s	
  mental	
  monologue	
  might	
  be	
  por-­‐

trayed	
  as	
  follows:	
  

“I’m	
  teaching	
  high	
  school	
  biology	
  again	
  this	
  year.	
  The	
  district	
  has	
  given	
  us	
  a	
  set	
  of	
  

frameworks	
  that	
  describe	
  what	
  I	
  should	
  cover	
  in	
  this	
  course,	
  but	
  they’re	
  pretty	
  similar	
  to	
  

what’s	
  in	
  the	
  textbooks	
  at	
  our	
  school—and	
  those	
  textbooks	
  explain	
  what	
  to	
  do	
  day-­‐by-­‐day	
  

much	
  more	
  clearly,	
  so	
  I’ll	
  just	
  use	
  them.	
  Plus,	
  everyone	
  in	
  the	
  building	
  has	
  been	
  using	
  these	
  

same	
  tools	
  for	
  years.	
  There’s	
  not	
  a	
  lot	
  of	
  laboratory	
  equipment	
  or	
  resources	
  at	
  our	
  school,	
  

and	
  the	
  kids	
  are	
  pretty	
  far	
  behind	
  and	
  pretty	
  tough,	
  so	
  I	
  do	
  as	
  many	
  laboratories	
  as	
  I	
  can	
  

but	
  they’re	
  hard	
  to	
  do.	
  Once	
  in	
  a	
  while	
  I	
  go	
  downtown	
  or	
  to	
  a	
  university	
  and	
  they	
  talk	
  to	
  us	
  

about	
  “inquiry”	
  and	
  the	
  like	
  and	
  I	
  mostly	
  understand	
  why	
  that	
  would	
  be	
  beneficial	
  for	
  my	
  

students,	
  but	
  it’s	
  really	
  hard	
  to	
  do	
  at	
  our	
  school.	
  Our	
  principal	
  wants	
  us	
  to	
  have	
  an	
  end-­‐of-­‐

semester	
  exam,	
  but	
  she	
  wants	
  it	
  to	
  be	
  “ACT	
  style”	
  multiple	
  choice—thankfully	
  they	
  gave	
  us	
  

a	
  Scantron	
  machine	
  last	
  year,	
  which	
  makes	
  grading	
  easy.	
  I	
  think	
  the	
  principal	
  spends	
  most	
  

of	
  the	
  time	
  with	
  the	
  English	
  and	
  mathematics	
  teachers—she	
  doesn’t	
  come	
  to	
  my	
  classroom	
  

much,	
  and	
  I’m	
  not	
  sure	
  how	
  much	
  biology	
  she	
  really	
  is	
  comfortable	
  with.	
  Sometimes	
  I	
  try	
  to	
  

talk	
  to	
  other	
  teachers	
  about	
  what	
  they’re	
  doing,	
  but	
  we	
  all	
  find	
  it	
  pretty	
  hard	
  work	
  and	
  

don’t	
  have	
  that	
  much	
  time	
  to	
  really	
  collaborate	
  on	
  anything—it’s	
  just	
  easier	
  to	
  keep	
  my	
  

head	
  down	
  and	
  move	
  forward	
  on	
  my	
  own.”	
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Why	
  Do	
  We	
  Find	
  These	
  Things?	
  

I	
  will	
  now	
  consider	
  some	
  possible	
  reasons	
  for	
  these	
  implications.	
  Here,	
  I	
  will	
  pro-­‐

vide	
  a	
  more	
  in	
  depth	
  analysis	
  of	
  the	
  several	
  gaps	
  between	
  policy	
  and	
  practice	
  at	
  national,	
  

state,	
  and	
  local	
  levels,	
  and	
  analyze	
  of	
  the	
  causes	
  of	
  the	
  gap.	
  

The	
  System	
  

Berwick	
  is	
  attributed	
  with	
  the	
  famous	
  line	
  that	
  “every	
  system	
  is	
  perfectly	
  designed	
  

to	
  achieve	
  the	
  results	
  it	
  achieves”	
  (Berwick,	
  1996).	
  	
  What	
  about	
  the	
  design	
  and	
  functioning	
  

of	
  the	
  Chicago	
  Public	
  Schools	
  is	
  contributing	
  to	
  these	
  results,	
  and	
  how	
  might	
  they	
  be	
  

changed	
  for	
  the	
  better?	
  

Goals	
  Vs.	
  Outcomes:	
  The	
  Gap	
  Is	
  Huge	
  

Does	
  the	
  Chicago	
  Public	
  Schools	
  expect	
  the	
  outcomes	
  that	
  this	
  research	
  shows?	
  

Clearly,	
  the	
  answer	
  is	
  no.	
  Over	
  the	
  past	
  several	
  decades,	
  CPS	
  has	
  released	
  numerous	
  docu-­‐

ments	
  describing	
  goals,	
  visions,	
  and	
  strategies	
  for	
  high	
  school	
  teaching	
  that	
  certainly	
  do	
  not	
  

support.	
  	
  

The	
  best	
  indicator	
  of	
  district	
  goals	
  and	
  visions	
  at	
  the	
  point	
  in	
  time	
  from	
  which	
  these	
  

exams	
  were	
  collected	
  was	
  the	
  Every	
  Child,	
  Every	
  School	
  education	
  plan.	
  This	
  document	
  was	
  

released	
  in	
  September	
  2002	
  to	
  “set	
  out	
  a	
  out	
  a	
  clear	
  vision	
  for	
  instruction	
  and	
  school	
  devel-­‐

opment	
  so	
  that	
  Chicago	
  Public	
  Schools	
  is	
  the	
  premier	
  urban	
  school	
  district	
  in	
  the	
  United	
  

States”	
  (Chicago	
  Public	
  Schools,	
  2002).	
  It	
  calls	
  for	
  quality	
  instruction	
  that	
  “requires	
  that	
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teachers	
  have	
  a	
  research-­‐based	
  framework	
  for	
  how	
  instruction	
  should	
  be	
  organized	
  in	
  

ways	
  that	
  promote	
  student	
  learning	
  of	
  the	
  content	
  areas”	
  and	
  “challenging	
  classroom	
  as-­‐

signments	
  [that]	
  require	
  students	
  to	
  construct	
  knowledge	
  through	
  interpretation	
  and/or	
  

analysis	
  instead	
  of	
  simply	
  recalling	
  pieces	
  of	
  information.	
  Assignments	
  ask	
  students	
  to	
  

draw	
  conclusions,	
  explain,	
  and	
  support	
  their	
  answers,	
  and	
  relate	
  the	
  assignment	
  to	
  their	
  

daily	
  lives.,”	
  though	
  this	
  report	
  is	
  silent	
  about	
  final	
  exams.	
  In	
  the	
  district’s	
  latest	
  strategic	
  

plan,	
  called	
  The	
  Next	
  Generation:	
  Chicago’s	
  Children,	
  the	
  district	
  calls	
  for	
  “a	
  21st	
  century	
  

public	
  education	
  [that]	
  must	
  develop	
  students	
  who	
  are	
  innovative	
  thinkers,	
  civic-­‐minded	
  

collaborators	
  and	
  effective	
  communicators”	
  and	
  describes	
  a	
  set	
  of	
  supports—including	
  

common	
  curriculum	
  and	
  professional	
  development	
  as	
  if	
  there	
  has	
  not	
  been	
  much	
  change	
  in	
  

the	
  past	
  decade	
  (Chicago	
  Public	
  Schools,	
  2013).	
  

System	
  Breakdown	
  

So	
  if	
  the	
  intentions	
  and	
  goals	
  of	
  the	
  district	
  are	
  not	
  aligned	
  to	
  these	
  outcomes,	
  some	
  

aspects	
  of	
  the	
  system	
  must	
  be	
  contributing	
  to	
  this	
  condition.	
  In	
  this	
  section,	
  I	
  will	
  consider	
  

some	
  the	
  likely	
  culprits	
  and	
  discuss	
  options	
  for	
  improvement.	
  

Teacher	
  Preparation	
  

One	
  cause	
  for	
  this	
  culture	
  of	
  science	
  teaching	
  might	
  be	
  poor	
  preparation	
  of	
  science	
  

teachers.	
  The	
  research	
  base	
  on	
  effective	
  STEM	
  teacher	
  preparation	
  remains	
  thin:	
  “Despite	
  

20	
  years	
  of	
  guidance	
  from	
  professionals	
  about	
  what	
  teachers	
  need	
  to	
  know	
  and	
  be	
  able	
  to	
  

do,	
  there	
  is	
  little	
  empirical	
  research	
  to	
  support	
  what	
  makes	
  particular	
  teacher	
  preparation,	
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professional	
  development,	
  or	
  school	
  leadership	
  strategies	
  effective	
  in	
  improving	
  teacher	
  

quality	
  or	
  student	
  outcomes.”	
  (Community	
  for	
  Advancing	
  Discovery	
  Research	
  in	
  Education	
  

(CADRE)	
  at	
  the	
  Education	
  Development	
  Center,	
  2012).	
  Certainly	
  content	
  knowledge	
  mat-­‐

ters	
  (Monk,	
  1994),	
  though	
  recent	
  studies	
  about	
  the	
  effectiveness	
  of	
  undergraduate	
  instruc-­‐

tion	
  show	
  that	
  deep,	
  conceptual	
  understanding	
  is	
  frequently	
  lacking	
  in	
  those	
  classes	
  

(Committee	
  on	
  the	
  Status	
  Contributions	
  and	
  Future	
  Directions	
  of	
  Discipline-­‐Based	
  

Education	
  Research,	
  2012),	
  which	
  would	
  likely	
  mean	
  more	
  challenges	
  for	
  teachers	
  in	
  pro-­‐

ducing	
  classroom	
  content	
  with	
  appropriate	
  amounts	
  of	
  rigor.	
  In	
  Chicago,	
  new	
  teachers	
  tend	
  

not	
  to	
  come	
  from	
  selective	
  undergraduate	
  schools	
  (McKinsey	
  &	
  Company,	
  2001),	
  likely	
  in-­‐

dicating	
  even	
  less	
  preparation.	
  We	
  also	
  know	
  that	
  teachers	
  frequently	
  are	
  not	
  prepared	
  for	
  

the	
  classroom	
  management	
  realities	
  of	
  urban	
  classrooms	
  (Brown,	
  2004).	
  

Given	
  these	
  factors,	
  it	
  is	
  not	
  too	
  surprising	
  that	
  many	
  teachers	
  are	
  not	
  prepared	
  to	
  

deliver	
  the	
  sorts	
  of	
  rigor	
  and	
  content	
  in	
  their	
  classrooms	
  that	
  we	
  might	
  hope	
  for.	
  We	
  do	
  not	
  

know	
  much	
  about	
  how	
  to	
  best	
  prepare	
  students	
  to	
  be	
  STEM	
  teachers	
  in	
  urban	
  classrooms;	
  

in	
  Chicago,	
  teachers	
  are	
  recruited	
  from	
  middle-­‐	
  and	
  lower-­‐	
  tier	
  institutions,	
  and	
  even	
  at	
  the	
  

best	
  undergraduate	
  institutions	
  STEM	
  instruction	
  leaves	
  much	
  to	
  be	
  desired.	
  Efforts	
  to	
  im-­‐

prove	
  teacher	
  preparation	
  are	
  clearly	
  needed,	
  including	
  extending	
  this	
  preparation	
  and	
  

support	
  to	
  the	
  first	
  few	
  years	
  of	
  a	
  teacher’s	
  career	
  in	
  the	
  Chicago	
  Public	
  Schools.	
  

Professional	
  Development	
  

Another	
  systemic	
  factor	
  that	
  could	
  be	
  contributing	
  to	
  this	
  situation	
  is	
  the	
  profes-­‐

sional	
  development	
  that	
  is	
  provided	
  to	
  in-­‐service	
  science	
  teachers.	
  There	
  is	
  an	
  emerging	
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literature	
  base	
  that	
  describes	
  what	
  effective	
  professional	
  development	
  for	
  science	
  teachers	
  

should	
  look	
  like	
  (S.	
  Wilson,	
  2013).	
  Chicago	
  Public	
  Schools	
  professional	
  developments	
  are	
  

quite	
  scattered	
  (Miles,	
  Hornbeck,	
  &	
  Fermanich,	
  2002),	
  despite	
  efforts	
  to	
  reform	
  them	
  

(Wenzel,	
  2010).	
  Even	
  well	
  funded,	
  comprehensive,	
  high-­‐profile	
  efforts	
  to	
  improve	
  profes-­‐

sional	
  development	
  along	
  principles	
  that	
  Wilson	
  discusses	
  such	
  as	
  the	
  Gates-­‐funded	
  In-­‐

structional	
  Development	
  System	
  effort	
  met	
  with	
  mixed	
  results	
  (Sporte	
  et	
  al.,	
  2009).	
  

Absent	
  any	
  support	
  for	
  alternative	
  methods	
  and	
  mechanisms	
  for	
  deciding	
  upon	
  con-­‐

tent	
  and	
  rigor—which	
  could	
  come	
  from	
  a	
  robust	
  professional	
  development	
  strategy—it	
  is	
  

likely	
  that	
  the	
  traditions	
  and	
  cultures	
  that	
  define	
  science	
  teaching	
  will	
  not	
  change.	
  And	
  giv-­‐

en	
  that	
  most	
  support	
  efforts	
  in	
  mathematics	
  originate	
  external	
  to	
  the	
  schoolhouse	
  

(Spillane,	
  2005),	
  and	
  science	
  efforts	
  are	
  likely	
  to	
  follow	
  suit,	
  efforts	
  to	
  enhance	
  the	
  interfac-­‐

es	
  between	
  schools	
  and	
  external	
  partners	
  are	
  likely	
  needed.	
  

Curriculum	
  and	
  Instructional	
  Materials	
  

As	
  shown	
  in	
  chapter	
  4,	
  Chicago	
  science	
  teachers	
  depend	
  on	
  their	
  instructional	
  mate-­‐

rials	
  to	
  make	
  decisions	
  about	
  lesson	
  content,	
  structure,	
  and	
  sequence.	
  This	
  matches	
  the	
  lit-­‐

erature	
  (Committee	
  on	
  Developing	
  The	
  Capacity	
  To	
  Select	
  Effective	
  Instructional	
  Materials,	
  

1999)	
  and	
  my	
  own	
  experience.	
  Unfortunately,	
  the	
  instructional	
  materials	
  that	
  are	
  popular	
  

in	
  Chicago	
  are	
  not	
  particularly	
  “research	
  based”	
  or	
  supportive	
  of	
  student	
  learning	
  (AAAS	
  

Project	
  2061,	
  2005).	
  Efforts	
  to	
  replace	
  existing	
  CPS	
  instructional	
  materials	
  with	
  those	
  that	
  

are	
  more	
  research	
  based	
  led	
  to	
  positive	
  feedback	
  from	
  teachers	
  about	
  these	
  new	
  tools,	
  es-­‐

pecially	
  when	
  delivered	
  in	
  a	
  coherent	
  set	
  of	
  supports	
  (Sporte	
  et	
  al.,	
  2009).	
  Content	
  and	
  ri-­‐
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gor	
  are	
  not	
  likely	
  to	
  change	
  in	
  CPS	
  science	
  classrooms	
  unless	
  the	
  instructional	
  material	
  sit-­‐

uation	
  is	
  attended	
  to.	
  

School	
  Culture	
  and	
  Leadership	
  

It	
  is	
  clear	
  that	
  school	
  culture	
  and	
  leadership	
  also	
  contribute	
  to	
  this	
  problem.	
  There	
  is	
  

emerging	
  evidence	
  in	
  the	
  literature	
  that	
  “the	
  subject	
  matters”	
  when	
  issues	
  of	
  school	
  and	
  

district	
  leadership	
  are	
  concerned	
  (Spillane	
  &	
  Hopkins,	
  2013).	
  From	
  this	
  data,	
  there	
  is	
  evi-­‐

dence	
  that	
  principals	
  and	
  other	
  administrators	
  are	
  not	
  particularly	
  engaged	
  in	
  the	
  instruc-­‐

tional	
  issues	
  around	
  high	
  school	
  science.	
  This	
  is	
  not	
  news;	
  Richard	
  Elmore	
  described	
  the	
  

“loose	
  coupling”	
  of	
  schools	
  as	
  organizations	
  in	
  1999,	
  focusing	
  specifically	
  on	
  the	
  disconnect	
  

between	
  school	
  leaders	
  and	
  subject	
  matter	
  teaching	
  and	
  learning	
  (Elmore,	
  1999).	
  One	
  

piece	
  of	
  supporting	
  evidence	
  in	
  this	
  study	
  is	
  that	
  many	
  schools	
  have	
  multiple	
  biology	
  ex-­‐

ams,	
  indicating	
  a	
  lack	
  of	
  coherence	
  within	
  the	
  school.	
  Another	
  is	
  the	
  content	
  and	
  intellectu-­‐

al	
  demand	
  gaps.	
  Schools	
  are	
  quite	
  rationally	
  pushed	
  towards	
  the	
  demands	
  of	
  the	
  accounta-­‐

bility	
  system,	
  but	
  lack	
  the	
  capacity	
  to	
  understand	
  or	
  operationalize	
  the	
  particular	
  demands	
  

of	
  the	
  assessment	
  tool.	
  And	
  third,	
  teachers	
  feel	
  pressure	
  to	
  defend	
  their	
  scores	
  and	
  grades	
  

so	
  gravitate	
  to	
  the	
  easiest	
  measures	
  of	
  identifying	
  correct	
  and	
  incorrect	
  questions	
  on	
  their	
  

exams—and	
  the	
  source	
  of	
  much	
  of	
  that	
  pressure	
  is	
  school	
  leadership.	
  Better	
  strategies	
  to	
  

develop	
  and	
  support	
  school	
  leaders	
  and	
  school	
  cultures	
  in	
  the	
  areas	
  of	
  science	
  would	
  likely	
  

help	
  (R.	
  Halverson,	
  Feinstein,	
  &	
  Neshoulam,	
  2011).	
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The	
  Routine	
  Of	
  Final	
  Exams	
  	
  

One	
  of	
  the	
  big	
  takeaways	
  here	
  is	
  that	
  the	
  routine	
  of	
  the	
  end-­‐of-­‐semester	
  final	
  exam	
  

is	
  deeply	
  ingrained	
  into	
  the	
  culture	
  and	
  tradition	
  of	
  the	
  Chicago	
  Public	
  Schools—even	
  na-­‐

tionally,	
  as	
  the	
  aforementioned	
  references	
  indicate.	
  But	
  it	
  is	
  not	
  accomplishing	
  what	
  it	
  in-­‐

tends	
  to.	
  There	
  has	
  been	
  relatively	
  little	
  attention	
  paid	
  to	
  this	
  routine—there	
  are	
  no	
  poli-­‐

cies	
  about	
  final	
  exams,	
  little	
  guidance	
  to	
  teachers	
  or	
  schools	
  about	
  what	
  to	
  do	
  about	
  them,	
  

and	
  little	
  direction	
  given	
  to	
  teachers.	
  While	
  the	
  Chicago	
  Public	
  Schools	
  have	
  made	
  some	
  at-­‐

tempts	
  at	
  centralized	
  end-­‐of-­‐course	
  exams,	
  namely	
  the	
  Chicago	
  Academic	
  Standards	
  Exams	
  

(CASE)	
  (G.	
  N.	
  Schmidt,	
  2007)	
  and	
  the	
  IDS	
  exams	
  developed	
  by	
  American	
  Institutes	
  for	
  Re-­‐

search	
  (Sporte	
  et	
  al.,	
  2009)	
  currently	
  neither	
  of	
  these	
  are	
  used	
  and	
  there	
  is	
  nothing	
  taking	
  

their	
  place	
  on	
  the	
  district’s	
  assessment	
  calendar	
  (see	
  

http://www.cps.edu/Performance/Documents/CPSSY14AssessmentCalendar.pdf).	
  Given	
  

the	
  attention	
  placed	
  on	
  this	
  routine	
  by	
  teachers	
  and	
  schools,	
  it	
  is	
  a	
  space	
  that	
  is	
  ripe	
  for	
  

some	
  definition	
  or	
  attention	
  from	
  the	
  central	
  office	
  or	
  other	
  organizations.	
  

Implications	
  For	
  Practice	
  

So	
  what	
  is	
  to	
  be	
  done?	
  There	
  are	
  several	
  implications	
  for	
  practice	
  that	
  emerge	
  from	
  

this.	
  

New	
  Standards	
  

It	
  is	
  clear	
  that	
  advocates	
  of	
  the	
  Next	
  Generation	
  Science	
  Standards	
  have	
  their	
  work	
  

cut	
  out	
  for	
  them.	
  Getting	
  states	
  to	
  adopt	
  the	
  new	
  standards	
  is	
  a	
  big	
  challenge.	
  But	
  since	
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standards	
  interact	
  deeply	
  with	
  all	
  other	
  aspects	
  of	
  the	
  educational	
  system—including	
  cur-­‐

ricula,	
  assessments,	
  human	
  capital,	
  school	
  organization—isolating	
  collateral	
  impacts	
  is	
  dif-­‐

ficult.	
  Standards	
  alone	
  accomplish	
  very	
  little	
  (C-­‐STEMEC,	
  2013).	
  The	
  introduction	
  of	
  the	
  

NGSS	
  to	
  a	
  school,	
  district,	
  or	
  state	
  should	
  initiate	
  changes	
  in	
  many	
  other	
  connected	
  aspects	
  

of	
  policy	
  and	
  practice—though	
  we	
  know	
  from	
  prior	
  experience	
  that	
  the	
  changes	
  are	
  often	
  

not	
  what	
  were	
  intended	
  (Spillane,	
  2004).	
  This	
  data	
  shows	
  both	
  how	
  much	
  work	
  needs	
  to	
  be	
  

done	
  before	
  the	
  vision	
  of	
  the	
  standards	
  is	
  manifest	
  in	
  science	
  classrooms	
  around	
  the	
  coun-­‐

try,	
  but	
  also	
  the	
  incredible	
  interconnectedness	
  of	
  leadership,	
  accountability,	
  resources,	
  and	
  

culture	
  that	
  standards	
  implementation	
  plans	
  will	
  need	
  to	
  tackle.	
  Repeating	
  this	
  study	
  in	
  a	
  

few	
  years,	
  after	
  NGSS	
  have	
  been	
  adopted	
  and	
  “rolled	
  out,”	
  would	
  be	
  a	
  powerful	
  way	
  to	
  

measure	
  their	
  impact.	
  

Tending	
  To	
  The	
  System	
  

The	
  findings	
  here	
  suggest	
  a	
  culture	
  of	
  science	
  teaching	
  that	
  pervades	
  the	
  system—it	
  

is	
  widespread	
  and	
  homogenous,	
  and	
  not	
  particularly	
  different	
  in	
  Chicago	
  or	
  the	
  nation.	
  In	
  

The	
  Teaching	
  Gap,	
  Stigler	
  and	
  Hiebert	
  argue	
  that	
  many	
  educational	
  reforms	
  fail	
  because	
  

they	
  do	
  not	
  attend	
  to	
  the	
  particular	
  cultures	
  of	
  teaching	
  (Stigler	
  &	
  Hiebert,	
  1999).	
  If	
  we	
  

want	
  systemic	
  efforts	
  to	
  succeed,	
  they	
  will	
  need	
  to	
  address	
  these	
  cultural	
  factors	
  of	
  teach-­‐

ing.	
  Clearly,	
  the	
  current	
  implementation	
  of	
  the	
  final	
  exam	
  routine	
  contributes	
  to	
  the	
  culture	
  

of	
  teaching	
  for	
  science	
  teachers.	
  

Given	
  the	
  homogeneity	
  observed	
  in	
  the	
  data	
  here,	
  it	
  appears	
  unlikely	
  that	
  recent	
  ef-­‐

forts	
  to	
  promote	
  autonomy	
  (Hill,	
  2013)	
  among	
  school	
  systems	
  will	
  reap	
  great	
  benefits	
  for	
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science	
  learning.	
  The	
  data	
  presented	
  here	
  is	
  both	
  homogeneous	
  and	
  quite	
  broad,	
  indicating	
  

that	
  variance	
  in	
  content	
  coverage	
  and	
  intellectual	
  demand	
  is	
  small	
  despite	
  a	
  large	
  sample.	
  

Without	
  greater	
  differences,	
  it	
  will	
  be	
  difficult	
  to	
  engender	
  a	
  community	
  or	
  system	
  to	
  drive	
  

improvements—if	
  everyone	
  has	
  essentially	
  the	
  same	
  practice,	
  more	
  freedoms	
  will	
  not	
  cre-­‐

ate	
  change.	
  (My	
  experience	
  tells	
  me	
  that	
  teachers	
  in	
  the	
  Chicago	
  Public	
  Schools	
  already	
  

have	
  a	
  large	
  degree	
  of	
  autonomy	
  over	
  classroom	
  decisions.)	
  The	
  culture	
  of	
  content	
  cover-­‐

age	
  and	
  low	
  intellectual	
  demand	
  will	
  suffocate	
  well	
  meaning	
  and	
  innovative	
  efforts	
  that	
  at	
  

best,	
  will	
  not	
  get	
  beyond	
  the	
  hothouse	
  (Committee	
  on	
  High	
  School	
  Science	
  Laboratories:	
  

Role	
  and	
  Vision,	
  2005,	
  page	
  87).	
  Instead,	
  efforts	
  should	
  focus	
  on	
  coherently	
  attending	
  to	
  the	
  

myriad	
  of	
  systemic	
  issues,	
  and	
  injecting	
  new	
  capacity	
  into	
  the	
  system	
  from	
  external	
  

sources—such	
  as	
  museums,	
  curriculum	
  developers,	
  scientists,	
  and	
  researchers	
  (Tobias	
  &	
  

Baffert,	
  2009).	
  Clarity	
  about	
  the	
  goals	
  and	
  purposes	
  of	
  final	
  exams	
  would	
  certainly	
  help.	
  As	
  

evidence	
  suggests	
  that	
  the	
  decisions	
  of	
  school	
  district	
  leaders	
  are	
  “are	
  shaped	
  in	
  crucial	
  

ways	
  by	
  preexisting	
  working	
  knowledge	
  and	
  practices	
  that	
  guide	
  how	
  people	
  come	
  to	
  un-­‐

derstand	
  the	
  nature	
  of	
  problems	
  and	
  possible	
  avenues	
  for	
  solutions”	
  (Coburn,	
  Touré,	
  &	
  

Yamashita,	
  2009)	
  support	
  from	
  outside	
  entities	
  is	
  essential,	
  particularly	
  since	
  the	
  subject	
  

seems	
  to	
  matter	
  for	
  district	
  as	
  well	
  as	
  school	
  level	
  leadership	
  (Burch	
  &	
  Spillane,	
  2005).	
  Ef-­‐

forts	
  to	
  tackle	
  this	
  culture	
  head-­‐on—by	
  bringing	
  transparency	
  to	
  end-­‐of-­‐course	
  exams	
  that	
  

are	
  teacher	
  generated,	
  for	
  instance—are	
  worth	
  considering.	
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New	
  Lessons	
  

Several	
  new	
  lessons	
  emerge	
  from	
  these	
  implications	
  that	
  can	
  help	
  with	
  interim	
  

steps	
  towards	
  reform.	
  

Exams	
  could	
  be	
  a	
  useful	
  proxy	
  for	
  instruction,	
  particularly	
  if	
  the	
  final	
  exam	
  

routine	
  is	
  also	
  improved.	
  Examining	
  teacher	
  generated	
  end-­‐of-­‐semester	
  exams	
  as	
  a	
  proxy	
  

for	
  instruction	
  within	
  classrooms	
  is	
  a	
  useful	
  exercise	
  that	
  should	
  continue	
  to	
  yield	
  im-­‐

portant	
  information.	
  	
  Given	
  that	
  “task	
  predicts	
  performance,”	
  an	
  analysis	
  of	
  the	
  content	
  and	
  

intellectual	
  demand	
  that	
  teachers	
  offer	
  to	
  students	
  as	
  their	
  summative	
  measure	
  can	
  shed	
  

light	
  on	
  many	
  aspects	
  of	
  practice.	
  If	
  established	
  as	
  a	
  regular	
  routine	
  in	
  a	
  school	
  or	
  district,	
  it	
  

has	
  the	
  potential	
  to	
  be	
  a	
  cost-­‐effective	
  and	
  illuminating	
  evaluation	
  tool	
  or	
  a	
  beneficial	
  pro-­‐

fessional	
  development	
  endeavor.	
  Even	
  assuming	
  higher	
  costs	
  than	
  this	
  study	
  took	
  to	
  com-­‐

plete,	
  such	
  as	
  $100	
  per	
  exam-­‐review,	
  2	
  reviewers	
  per	
  exam,	
  1	
  common	
  biology	
  exam	
  per	
  

school,	
  this	
  is	
  less	
  expensive	
  than	
  video	
  analysis	
  or	
  classroom	
  observations	
  to	
  do.	
  (Particu-­‐

larly	
  if	
  the	
  laborious	
  collecting,	
  organizing,	
  and	
  tracking	
  processes	
  can	
  be	
  attended	
  to	
  by	
  

the	
  system.).	
  This	
  is	
  a	
  cost	
  effective	
  measure	
  to	
  analyze	
  practice	
  at	
  scale—in	
  this	
  case,	
  the	
  

whole	
  district—particularly	
  if	
  the	
  purposes	
  of	
  final	
  exams	
  are	
  clearly	
  defined.	
  When	
  con-­‐

sidered	
  broadly,	
  the	
  analysis	
  of	
  these	
  exams	
  presents	
  a	
  picture	
  that	
  is	
  remarkably	
  similar	
  to	
  

that	
  of	
  the	
  nation—but	
  from	
  a	
  very	
  different	
  data	
  source,	
  and	
  with	
  considerably	
  more	
  nu-­‐

ance	
  than	
  grades	
  or	
  standardized	
  tests	
  currently	
  provide.	
  It	
  enables	
  school	
  comparisons	
  at	
  

scale,	
  which	
  is	
  potentially	
  powerful	
  for	
  reform	
  efforts.	
  Moving	
  forward,	
  systems	
  initiated	
  by	
  

schools	
  and	
  districts	
  to	
  highlight	
  assessment	
  practices—particularly	
  when	
  connected	
  to	
  

issues	
  of	
  content	
  and	
  intellectual	
  demand—have	
  the	
  potential	
  to	
  focus	
  attention	
  on	
  key	
  in-­‐
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structional	
  issues	
  (Kanold,	
  2003).	
  Moreover,	
  schools	
  and	
  districts	
  could	
  use	
  the	
  regular	
  

sharing	
  and	
  reporting	
  of	
  end-­‐of-­‐semester	
  exams	
  as	
  a	
  tool	
  to	
  gauge	
  the	
  effectiveness	
  of	
  in-­‐

structional	
  interventions.	
  It	
  enables	
  us	
  to	
  tend	
  to	
  the	
  instructional	
  core	
  at	
  scale	
  in	
  a	
  new,	
  

potentially	
  powerful,	
  fashion.	
  

Tools	
  matter.	
  The	
  tools	
  that	
  science	
  teachers	
  have—textbooks,	
  curriculum	
  frame-­‐

works,	
  pacing	
  guides—largely	
  define	
  what	
  is	
  valued	
  by	
  and	
  large	
  by	
  teachers.	
  As	
  we	
  saw	
  

here,	
  the	
  content	
  coverage	
  of	
  Chicago	
  Public	
  School	
  end-­‐of-­‐semester	
  exams	
  largely	
  mapped	
  

to	
  the	
  vestigial	
  pacing	
  guides	
  the	
  district	
  shared,	
  which	
  appear	
  to	
  be	
  built	
  off	
  the	
  most	
  pop-­‐

ular	
  (traditional)	
  textbooks	
  that	
  schools	
  have	
  purchased.	
  Given	
  that	
  significant	
  differences	
  

emerge	
  when	
  considering	
  leadership	
  (Spillane,	
  2005)	
  and	
  instruction	
  (Graeber,	
  Newton,	
  &	
  

Chambliss,	
  2012)	
  in	
  different	
  disciplines,	
  and	
  the	
  usage	
  of	
  these	
  tools	
  appears	
  different	
  in	
  

science	
  than	
  in	
  other	
  disciplines	
  (Wenzel,	
  2010),	
  this	
  speaks	
  to	
  the	
  need	
  for	
  schools	
  and	
  

districts	
  to	
  invest	
  in	
  content-­‐focused	
  science	
  tools	
  and	
  leadership	
  to	
  help	
  teachers	
  and	
  

schools	
  make	
  better	
  decisions	
  in	
  these	
  areas.	
  

Leaders	
  need	
  to	
  pay	
  attention	
  to	
  science.	
  The	
  data	
  presented	
  here	
  should	
  not	
  be	
  

particularly	
  encouraging	
  to	
  school	
  and	
  district	
  leaders.	
  A	
  common	
  theme,	
  however,	
  is	
  not	
  

only	
  that	
  school	
  and	
  district	
  leadership	
  matters,	
  but	
  that	
  the	
  content	
  matters	
  as	
  well—if	
  we	
  

want	
  teachers	
  to	
  produce	
  exams	
  that	
  better	
  address	
  the	
  content	
  and	
  intellectual	
  demand	
  

we	
  expect	
  for	
  students,	
  leaders	
  need	
  to	
  be	
  comfortable	
  enough	
  with	
  the	
  content	
  and	
  con-­‐

text	
  to	
  lead	
  in	
  these	
  areas.	
  	
  The	
  much-­‐ballyhooed	
  role	
  of	
  “principals	
  as	
  instructional	
  lead-­‐

ers”	
  means	
  little	
  if	
  principals	
  do	
  not	
  understand	
  how	
  to	
  lead	
  instruction	
  in	
  specific	
  subject	
  

matter	
  domains.	
  	
  This	
  does	
  not	
  mean	
  that	
  principals	
  need	
  to	
  be	
  experts	
  in	
  every	
  subject	
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matter;	
  it	
  does	
  mean	
  that	
  their	
  leadership	
  must	
  attend	
  to	
  the	
  distinctive	
  character	
  of	
  teach-­‐

ing	
  and	
  learning	
  in	
  each	
  subject	
  area.	
  	
  	
  Elmore	
  discussed	
  this	
  at	
  length	
  in	
  School	
  Reform	
  

from	
  the	
  Inside	
  Out,	
  which	
  focused	
  on	
  the	
  “instructional	
  core”	
  of	
  the	
  relationships	
  among	
  

teacher,	
  student,	
  and	
  content	
  (Elmore,	
  2004).	
  	
  	
  

Change	
  is	
  slow.	
  There	
  was	
  not	
  much	
  to	
  say	
  the	
  content	
  of	
  biology	
  changed	
  signifi-­‐

cantly	
  from	
  many	
  years	
  ago—though	
  we	
  know	
  as	
  a	
  field,	
  the	
  content	
  changes	
  dramatically.	
  

District	
  pacing	
  guides	
  and	
  basal-­‐focused	
  textbooks	
  still	
  get	
  tremendous	
  attention	
  from	
  

teachers	
  and	
  classrooms.	
  The	
  more	
  school	
  and	
  district	
  leaders	
  can	
  give	
  attention	
  and	
  cover	
  

to	
  teachers	
  and	
  schools	
  who	
  are	
  actively	
  working	
  on	
  these	
  changes,	
  the	
  better.	
  

The	
  Chicago	
  Public	
  Schools	
  context	
  is	
  challenging.	
  The	
  overall	
  sentiments	
  of	
  the	
  

teacher	
  focus	
  group	
  were	
  not	
  particularly	
  encouraging.	
  Teachers	
  commented	
  and	
  com-­‐

plained	
  about	
  the	
  low	
  level	
  of	
  their	
  students,	
  the	
  incredible	
  demands	
  on	
  their	
  time,	
  and	
  the	
  

lack	
  of	
  resources	
  that	
  were	
  available	
  to	
  them.	
  We	
  should	
  not	
  forget	
  just	
  how	
  challenging	
  

the	
  work	
  of	
  teaching,	
  learning,	
  and	
  leading	
  science	
  education	
  is,	
  particularly	
  in	
  districts	
  as	
  

historically	
  under	
  resourced	
  and	
  systemically	
  challenged	
  as	
  Chicago.	
  

Lastly,	
  and	
  most	
  fundamentally,	
  in	
  reviewing	
  the	
  data	
  and	
  thinking	
  back	
  on	
  the	
  

teacher	
  focus	
  group	
  conversations,	
  I	
  am	
  struck	
  by	
  the	
  similarities	
  between	
  these	
  findings	
  

and	
  the	
  sobering	
  picture	
  of	
  the	
  American	
  high	
  school	
  painted	
  many	
  years	
  ago	
  by	
  Ted	
  Sizer	
  

in	
  the	
  classic	
  Horace’s	
  Compromise	
  (Sizer,	
  1992).	
  In	
  that	
  book,	
  Sizer	
  describes	
  the	
  compro-­‐

mise	
  that	
  teachers	
  make	
  everyday	
  with	
  their	
  students,	
  their	
  schools,	
  and	
  themselves:	
  the	
  

work	
  is	
  too	
  hard,	
  and	
  the	
  resources	
  are	
  spread	
  so	
  thin,	
  so	
  teachers	
  end	
  up	
  not	
  pushing	
  any-­‐

one	
  too	
  hard	
  for	
  what	
  they	
  know	
  is	
  right.	
  Instead,	
  they	
  go	
  through	
  the	
  motions,	
  pretending	
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to	
  teach	
  their	
  students	
  as	
  they	
  in	
  turn	
  pretend	
  to	
  learn.	
  It	
  is	
  a	
  vicious	
  cycle,	
  but	
  one	
  that	
  

Chicago	
  Public	
  School	
  science	
  teachers	
  are	
  clearly	
  in	
  the	
  throes	
  of.	
  They	
  can	
  not	
  shake	
  it—

or	
  at	
  least	
  in	
  the	
  several-­‐year	
  period	
  in	
  which	
  the	
  documentary	
  and	
  focus	
  group	
  data	
  were	
  

obtained	
  for	
  this	
  study,	
  there	
  were	
  no	
  signs	
  of	
  significant	
  change.	
  

Implications	
  For	
  Research	
  

This	
  study	
  opens	
  the	
  door	
  to	
  plenty	
  of	
  additional	
  research	
  that	
  could	
  be	
  done.	
  

New	
  tools	
  for	
  new	
  standards.	
  With	
  the	
  arrival	
  of	
  the	
  Next	
  Generation	
  Science	
  

Standards,	
  the	
  potential	
  for	
  states	
  to	
  work	
  together	
  on	
  issues	
  of	
  curriculum	
  is	
  greater	
  than	
  

ever	
  before.	
  This	
  means	
  more	
  collective	
  and	
  coordinated	
  resources	
  and	
  more	
  attention	
  

than	
  the	
  science	
  education	
  community	
  has	
  seen	
  in	
  a	
  long	
  time.	
  These	
  new	
  standards	
  will	
  

require	
  new	
  tools	
  for	
  teachers—new	
  assessments,	
  new	
  curriculum,	
  and	
  new	
  ways	
  to	
  or-­‐

ganizing	
  and	
  thinking	
  about	
  the	
  inherent	
  content	
  and	
  intellectual	
  demand	
  that	
  is	
  part	
  of	
  it.	
  

End-­‐of-­‐semester	
  exams	
  as	
  proxies	
  for	
  other	
  measures.	
  This	
  research	
  demon-­‐

strates	
  the	
  potential	
  of	
  using	
  teacher	
  generated	
  assessments	
  as	
  proxies	
  for	
  instructional	
  

and	
  achievement	
  progress	
  at	
  schools.	
  Because	
  these	
  exams	
  are	
  a	
  common	
  routine	
  in	
  class-­‐

rooms,	
  relatively	
  easy	
  and	
  inexpensive	
  to	
  analyze	
  at	
  scale,	
  and	
  filled	
  with	
  lots	
  of	
  infor-­‐

mation	
  that	
  describe	
  what	
  teachers	
  believe	
  is	
  important	
  for	
  students	
  to	
  know	
  and	
  be	
  able	
  

to	
  do,	
  they	
  are	
  a	
  strong	
  proxy	
  to	
  understand	
  “how	
  teachers	
  are	
  teaching”.	
  Larry	
  Cuban	
  

comments	
  about	
  the	
  challenges	
  of	
  determining	
  what	
  sorts	
  of	
  instructional	
  practices	
  were	
  

used	
  in	
  classrooms:	
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“…Records	
  of	
  classroom	
  lessons	
  or	
  observations	
  are	
  rarely	
  available	
  to	
  re-­‐
searchers.	
  Moreover,	
  interviewing	
  or	
  surveying	
  teachers	
  [about]	
  how	
  they	
  
taught…	
  often	
  yields	
  unreliable	
  results.	
  For	
  example,	
  surveys	
  of	
  teachers,	
  
the	
  most	
  common	
  and	
  least	
  expensive	
  way	
  of	
  ascertaining	
  classroom	
  prac-­‐
tices,	
  remain	
  imprecise	
  and	
  tend	
  to	
  reflect	
  what	
  teachers	
  believe	
  they	
  did,	
  
not	
  what	
  occurred	
  when	
  independent	
  observers	
  sat	
  in	
  their	
  rooms.”	
  (Cuban,	
  
2007)	
  

Efforts	
  that	
  explore	
  the	
  nature	
  of	
  the	
  relationship	
  between	
  teacher-­‐generated	
  assessment	
  
tasks	
  and	
  other	
  factors	
  are	
  worth	
  exploring.	
  

Assessments	
  To	
  Grades.	
  This	
  study	
  ends	
  at	
  teacher	
  generated	
  assessments,	
  but	
  as	
  

we	
  all	
  know,	
  assessments	
  are	
  in	
  turn	
  connected	
  to	
  student	
  grades.	
  More	
  data	
  about	
  those	
  

connections	
  would	
  be	
  welcome.	
  For	
  instance,	
  how	
  did	
  the	
  mix	
  of	
  items	
  on	
  end-­‐of-­‐semester	
  

exams	
  get	
  translated	
  into	
  an	
  exam	
  grade?	
  How	
  did	
  those	
  exam	
  grades	
  impact	
  the	
  final	
  se-­‐

mester	
  grade?	
  We	
  know	
  that	
  there	
  exists	
  considerable	
  variation	
  in	
  high	
  school	
  grading	
  

scales	
  across	
  the	
  district	
  (The	
  Chicago	
  Sun	
  Times,	
  2009),	
  and	
  that	
  course	
  grades	
  matter	
  a	
  

great	
  deal	
  to	
  student	
  overall	
  success	
  (E.	
  M.	
  Allensworth	
  &	
  Easton,	
  2007),	
  and	
  seem	
  to	
  be	
  

based	
  on	
  student	
  achievement	
  (Randall	
  &	
  George	
  Engelhard,	
  2009),	
  so	
  exploring	
  more	
  how	
  

teachers	
  use	
  the	
  exams	
  they	
  generate	
  to	
  create	
  student	
  end-­‐of-­‐course	
  grades	
  would	
  be	
  very	
  

illuminating.	
  

More	
  nuanced	
  content.	
  As	
  mentioned	
  in	
  chapter	
  5,	
  this	
  analysis	
  scratches	
  the	
  sur-­‐

face	
  of	
  the	
  data	
  that	
  has	
  been	
  collected.	
  In	
  the	
  Survey	
  of	
  Enacted	
  Curriculum	
  coding	
  specifi-­‐

cations,	
  a	
  much	
  finer	
  grain	
  of	
  content	
  alignment	
  is	
  possible—and	
  has	
  been	
  generated	
  for	
  

these	
  exams	
  via	
  this	
  coding	
  process.	
  With	
  this	
  data,	
  for	
  instance,	
  it	
  should	
  be	
  possible	
  to	
  

delve	
  into	
  more	
  detail	
  about	
  content	
  particulars—what	
  aspects	
  of	
  cell	
  biology	
  are	
  most	
  

commonly	
  assessed,	
  or	
  how	
  to	
  teachers	
  construct	
  ideas	
  about	
  the	
  kinetic	
  molecular	
  model	
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of	
  matter,	
  for	
  instance.	
  We	
  might	
  find	
  that	
  the	
  observed	
  homogeneity	
  in	
  content	
  is	
  less	
  ob-­‐

vious	
  when	
  more	
  detailed	
  content	
  criteria	
  are	
  used.	
  That	
  analysis	
  remains	
  to	
  be	
  done.	
  

Benchmarking	
  reforms.	
  Lastly,	
  a	
  study	
  like	
  this	
  could	
  provide	
  a	
  relatively	
  cost	
  ef-­‐

fective	
  way	
  to	
  benchmark	
  district	
  progress	
  in	
  science	
  if	
  conducted	
  every	
  few	
  years.	
  Particu-­‐

larly	
  if	
  the	
  district	
  assumed	
  the	
  burden	
  of	
  collecting	
  and	
  end-­‐of-­‐semester	
  exams,	
  a	
  third	
  

party	
  research	
  group	
  could	
  analyze	
  them	
  in	
  a	
  few	
  months	
  for	
  relatively	
  little	
  cost—an	
  easy	
  

way	
  to	
  tell	
  if	
  curricular,	
  professional	
  development,	
  or	
  other	
  support	
  efforts	
  were	
  taking	
  

root.	
  

Conclusions	
  

Tools	
  that	
  enable	
  us	
  as	
  both	
  researchers	
  and	
  practitioners	
  to	
  explore	
  this	
  technical	
  

core	
  at	
  scale	
  have	
  the	
  potential	
  to	
  be	
  quite	
  powerful.	
  	
  In	
  this	
  study,	
  I	
  used	
  teacher-­‐

generated	
  end-­‐of-­‐semester	
  final	
  exams	
  to	
  investigate	
  the	
  depth	
  and	
  breadth	
  of	
  content	
  that	
  

students	
  learn	
  in	
  science	
  classrooms.	
  I	
  found	
  that	
  teachers	
  focus	
  on	
  a	
  specific	
  set	
  of	
  scien-­‐

tific	
  content	
  that	
  is	
  driven	
  by	
  district	
  guidelines	
  and	
  popular	
  textbooks	
  but	
  not	
  particularly	
  

aligned	
  to	
  standards.	
  Rigor	
  means	
  coverage	
  instead	
  of	
  intellectual	
  press.	
  The	
  assessments,	
  

while	
  unsophisticated,	
  seem	
  to	
  be	
  delivering	
  what	
  is	
  expected	
  of	
  them—a	
  way	
  to	
  mimic	
  the	
  

format	
  of	
  the	
  ACT	
  exam	
  quickly.	
  And	
  there	
  was	
  little	
  variation	
  among	
  high	
  poverty	
  and	
  low	
  

poverty	
  schools,	
  matching	
  national	
  data	
  and	
  indicating	
  issues	
  that	
  are	
  more	
  due	
  to	
  a	
  par-­‐

ticular	
  culture	
  of	
  science	
  teaching	
  and	
  learning	
  than	
  driven	
  by	
  particular	
  contexts.	
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Appendix	
  1:	
  Survey	
  Of	
  Enacted	
  Curriculum	
  Content	
  Codes	
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Appendix	
  2:	
  Focus	
  Group	
  Informed	
  Consent	
  Form	
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Appendix	
  3:	
  Focus	
  Group	
  Discussion	
  Deck	
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Appendix	
  4:	
  Sample	
  Exam	
  With	
  High	
  Proportion	
  Of	
  High	
  Cog-­‐
nitive	
  Demand	
  Items	
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Appendix	
  5:	
  Sample	
  Exam	
  With	
  Low	
  Proportion	
  Of	
  High	
  Cogni-­‐
tive	
  Demand	
  Items	
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