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Presenta3on’s  ques3ons

• How	
  well	
  are	
  U.S.	
  children	
  with	
  or	
  at	
  risk	
  for	
  disabiliEes	
  progressing	
  in	
  
mathemaEcs	
  &	
  science?	
  	
  

• What	
  factors	
  increase	
  the	
  risk	
  of	
  experiencing	
  repeated	
  STEM	
  difficulEes	
  during	
  
the	
  elementary	
  grades?	
  	
  	
  

• Are	
  execuEve	
  funcEons	
  (EF)	
  related	
  to	
  the	
  early	
  onset	
  and	
  over	
  Eme	
  stability	
  of	
  
STEM	
  difficulEes?	
  	
  
• Are	
  predicEve	
  relaEons	
  evident	
  in	
  mulE-­‐year	
  longitudinal	
  data	
  from	
  a	
  naEonally	
  
representaEve	
  sample?	
  
• Are	
  predicEve	
  relaEons	
  evident	
  with	
  staEsEcal	
  control	
  for	
  potenEal	
  confounds?	
  	
  

3	
  



2015  NAEP  
Results:  4th  
Grade  
Mathema3cs

•  Some	
  progress	
  over	
  	
  
20	
  years	
  in	
  the	
  basic	
  
math	
  proficiency	
  of	
  
SWD	
  

•  Yet	
  many	
  SWD	
  
conEnue	
  to	
  display	
  
below	
  basic	
  levels	
  of	
  
proficiency	
  	
  
•  50%	
  vs	
  15%	
  of	
  SW/

OD	
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2015  NAEP  
Results:  4th  
Grade  Science

•  SuggesEve	
  evidence	
  
of	
  increasing	
  
proficiency	
  in	
  science	
  

•  Yet	
  many	
  SWD	
  
conEnue	
  to	
  struggle	
  	
  

•  Why	
  these	
  gaps	
  exist	
  
is	
  unclear	
  
•  The	
  NAEP	
  data	
  are	
  

not	
  longitudinal	
  &	
  
only	
  “pick	
  up”	
  in	
  4th	
  
grade	
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Limited  knowledge  about  which  children  
are  likely  to  experience  STEM  difficul3es

• RelaEvely	
  few	
  populaEon-­‐based	
  longitudinal	
  studies	
  currently	
  available	
  including	
  of	
  elementary	
  
school-­‐aged	
  populaEons	
  (e.g.,	
  Morgan	
  et	
  al.,	
  2016)	
  

• Risk	
  factors	
  that	
  may	
  increase	
  the	
  risk	
  for	
  STEM	
  difficulEes	
  are	
  poorly	
  understood	
  (e.g.,	
  Byrne	
  &	
  Miller,	
  
2007)	
  	
  

• Yet	
  understanding	
  which	
  children	
  are	
  at	
  risk	
  for	
  STEM	
  difficulEes	
  has	
  major	
  implicaEons	
  for	
  
policy,	
  research,	
  &	
  pracEce	
  	
  
•  May	
  help	
  guide	
  the	
  Eming	
  &	
  targets	
  of	
  early	
  screening,	
  monitoring,	
  &	
  intervenEon	
  efforts	
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Mul3-­‐year,  longitudinal,  &  na3onally  
representa3ve  datasets  analyzed    

• Early	
  Childhood	
  Longitudinal	
  Study-­‐Kindergarten	
  Cohort,	
  1998-­‐1999	
  (ECLS-­‐K:	
  1998)	
  	
  
•  ProspecEve	
  cohort	
  of	
  20,000	
  children	
  entering	
  U.S.	
  kindergarten	
  classrooms	
  in	
  1998-­‐1999	
  who	
  were	
  
followed	
  unEl	
  end	
  of	
  8th	
  grade	
  	
  

• Early	
  Childhood	
  Longitudinal	
  Study-­‐Birth	
  Cohort	
  of	
  2001	
  (ECLS-­‐B)	
  	
  
•  ProspecEve	
  cohort	
  of	
  14,000	
  children	
  born	
  in	
  U.S.	
  in	
  2001	
  who	
  were	
  followed	
  unEl	
  kindergarten	
  entry	
  	
  

• Early	
  Childhood	
  Longitudinal	
  Study-­‐Kindergarten	
  Cohort	
  of	
  2011	
  (ECLS-­‐K:	
  2011)	
  
•  ProspecEve	
  cohort	
  of	
  14,000	
  children	
  entering	
  U.S.	
  kindergarten	
  classrooms	
  in	
  2010-­‐2011	
  being	
  
followed	
  unEl	
  end	
  of	
  5th	
  grade	
  	
  

• Include	
  individually	
  administered	
  achievement	
  assessments,	
  extensive	
  data	
  collecEon	
  on	
  
characterisEcs	
  of	
  children,	
  families,	
  &	
  schools,	
  over	
  mulE-­‐year	
  Emeframes,	
  &	
  include	
  mulEple	
  
survey	
  waves	
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Coefficients	
  are	
  
Odds	
  RaEos	
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Coefficients	
  are	
  
Odds	
  RaEos	
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Source:	
  Morgan,	
  P.	
  L.,	
  Farkas,	
  G.,	
  Hillemeier,	
  M.	
  M.,	
  &	
  Maczuga,	
  S.	
  (2016).	
  Science	
  achievement	
  gaps	
  begin	
  early,	
  persist,	
  and	
  are	
  largely	
  explained	
  by	
  
modifiable	
  factors.	
  Educa,onal	
  Researcher,	
  45,	
  18-­‐35.	
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Percentage	
  of	
  Group	
  in	
  Lowest	
  25%	
  on	
  General	
  Knowledge	
  Test,	
  Fall	
  of	
  Kindergarten	
  (ECLS-­‐K	
  Data,	
  N=7,757)	
  

Figure	
  1:	
  Children	
  at	
  risk	
  o>en	
  arrive	
  at	
  kindergarten	
  already	
  behind	
  
in	
  general	
  knowledge	
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85%	
  decrease	
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Figure	
  2:	
  Large	
  and	
  persistent	
  science	
  achievement	
  gaps	
  
from	
  3rd-­‐8th	
  grade,	
  by	
  family	
  SES	
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How  are  children  with  LD  doing  in  STEM  
in  the  primary  grades?  

• Prior	
  analyses	
  based	
  on	
  older	
  samples	
  iniEally	
  assessed	
  in	
  1998-­‐1999,	
  &	
  2001,	
  
what	
  about	
  more	
  recently?	
  	
  

• Do	
  STEM	
  difficulEes	
  begin	
  to	
  occur	
  by	
  the	
  primary	
  grades	
  for	
  children	
  with	
  LD,	
  
including	
  using	
  a	
  direct	
  measure	
  of	
  science	
  achievement?	
  	
  

• Do	
  EF	
  help	
  explain	
  why	
  children	
  with	
  or	
  at	
  risk	
  for	
  LD	
  are	
  experiencing	
  STEM	
  
difficulEes?	
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Figure	
  3:	
  K-­‐3rd	
  grade	
  mathema,cs	
  achievement	
  gaps	
  
between	
  children	
  with	
  and	
  without	
  LD	
  	
  

Note:	
  Author’s	
  calculaEons,	
  LD	
  as	
  idenEfied	
  by	
  spring	
  of	
  1st	
  grade,	
  ECLS-­‐K:	
  2011	
  Data,	
  ns	
  =	
  60	
  LD;	
  8,270	
  non-­‐LD	
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Figure	
  4:	
  K-­‐3rd	
  grade	
  science	
  achievement	
  gaps	
  between	
  
children	
  with	
  and	
  without	
  LD	
  	
  

Note:	
  Author’s	
  calculaEons,	
  LD	
  as	
  idenEfied	
  by	
  spring	
  of	
  1st	
  grade,	
  ECLS-­‐K:	
  2011	
  Data,	
  ns	
  =	
  60	
  LD;	
  8,270	
  non-­‐LD	
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What  are  EF?

• CogniEve	
  processes	
  hypothesized	
  to	
  contribute	
  to	
  academic	
  achievement	
  and	
  classroom	
  
behavior	
  
•  Help	
  children	
  control	
  and	
  coordinate	
  planning,	
  reasoning,	
  organizaEon,	
  regulaEon,	
  &	
  informaEon	
  
integraEon	
  (e.g.,	
  Best,	
  Miller,	
  &	
  Naglieri,	
  2011;	
  Blair	
  &	
  Raver,	
  2014,	
  2015)	
  	
  

• The	
  mind’s	
  “air	
  traffic	
  controllers”	
  	
  
•  Working	
  memory	
  (WM)	
  helps	
  children	
  manage	
  informaEon	
  maintenance	
  and	
  processing	
  demands	
  as	
  
well	
  as	
  problem	
  solve	
  while	
  avoiding	
  informaEon	
  loss	
  due	
  to	
  distracEon	
  (Jarrold	
  &	
  Towse,	
  2006)	
  

•  Cogni,ve	
  flexibility	
  (CF)	
  helps	
  in	
  aoending	
  to	
  changing	
  meaning	
  in	
  texts,	
  incorporate	
  new	
  knowledge,	
  &	
  
simultaneously	
  disregard	
  or	
  update	
  previously	
  used	
  knowledge	
  (Yeniad,	
  Malda,	
  Mesman,	
  van	
  IJzendoorn,	
  &	
  Pieper,	
  2013)	
  	
  

•  Inhibitory	
  control	
  (IC)	
  helps	
  children	
  ignore	
  impulsive	
  responses	
  and	
  remain	
  engaged	
  during	
  classroom	
  
instrucEon	
  and	
  acEviEes	
  (Allan	
  et	
  al.,	
  2014;	
  Berry,	
  2012)	
  	
  

• Especially	
  useful	
  when	
  compleEng	
  novel	
  or	
  cogniEvely	
  demanding	
  tasks	
  (Banich,	
  2009)	
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Are  general  rela3ons  between  EF  &  
achievement  &  behavior  evident  between  
kindergarten  into  2nd  grade  

• Examined	
  whether	
  EF	
  during	
  kindergarten	
  uniquely	
  predicEve	
  of	
  children’s	
  reading,	
  
math,	
  &	
  science	
  achievement	
  in	
  2nd	
  grade,	
  as	
  well	
  as	
  their	
  classroom	
  behaviors	
  	
  

• These	
  types	
  of	
  analyses	
  helps	
  establish	
  the	
  potenEal	
  “bang	
  for	
  the	
  buck”	
  of	
  targeEng	
  EF	
  	
  

• Extensive	
  staEsEcal	
  control	
  for	
  potenEal	
  confounds,	
  including	
  for	
  achievement	
  &	
  
behavioral	
  domain-­‐specific	
  &	
  -­‐general	
  autoregressors,	
  socio-­‐demographics	
  (e.g.,	
  family	
  
SES,	
  race/ethnicity,	
  gender),	
  &	
  other	
  types	
  of	
  EF	
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Source:	
  Morgan,	
  P.	
  L.,	
  Farkas,	
  G.,	
  Hillemeier,	
  M.	
  M.,	
  Pun,	
  W.,	
  &	
  Maczuga,	
  S.	
  (condiEonally	
  accepted).	
  Kindergarten	
  children’s	
  execuEve	
  funcEons	
  
predict	
  their	
  2nd	
  grade	
  academic	
  achievement	
  and	
  behavior.	
  Child	
  Development.	
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  Panel	
  Regression	
  Model	
  Es0mates	
  (OLS)	
  of	
  2nd	
  Grade	
  
Children’s	
  Academic	
  Achievement,	
  ECLS-­‐K:	
  2011	
  Data,	
  N	
  =	
  
8,920).	
  

Reading	
  Achievement,	
  
Spring	
  2nd	
  Grade 

Math	
  Achievement,	
  
Spring	
  2nd	
  Grade 

Science	
  Achievement,	
  
Spring	
  2nd	
  Grade 

Intercept -­‐0.41	
  *** -­‐0.29	
  ** -­‐1.03	
  *** 
Working	
  memory,	
  spring	
  kindergarten 0.09	
  *** 0.12	
  *** 0.08	
  *** 
Cogni0ve	
  flexibility,	
  spring	
  kindergarten 0.05	
  *** 0.06	
  *** 0.10	
  *** 
Inhibitory	
  control,	
  spring	
  kindergarten 0.05	
  * 0.03	
   0.01 

Black -­‐0.02 -­‐0.30	
  *** -­‐0.26	
  *** 
Hispanic 0.01 -­‐0.09	
  ** -­‐0.09	
  ** 

Other	
  race/ethnicity	
   0.01 0.03 0.01 
Female 0.09	
  *** -­‐0.23	
  *** -­‐0.15	
  *** 

Lowest	
  SES	
  quin0le,	
  kindergarten -­‐0.34	
  *** -­‐0.23	
  *** -­‐0.22	
  *** 
Second	
  lowest	
  SES	
  quin0le,	
  kindergarten -­‐0.20	
  *** -­‐0.13	
  *** -­‐0.14	
  *** 

Middle	
  SES	
  quin0le,	
  kindergarten -­‐0.11	
  *** -­‐0.10	
  *** -­‐0.07	
  ** 
Second	
  highest	
  SES	
  quin0le,	
  kindergarten -­‐0.07	
  *** -­‐0.09	
  ** -­‐0.06	
  * 

Child	
  uses	
  non-­‐English	
  at	
  home,	
  spring	
  kindergarten 0.06 0.15	
  *** 0.05 
IEP,	
  spring	
  2nd	
  grade -­‐0.42	
  *** -­‐0.35	
  *** -­‐0.22	
  *** 

Age	
  (in	
  months),	
  spring	
  2nd	
  grade -­‐0.04	
  ** -­‐0.05	
  *** -­‐0.01 
Reading	
  achievement,	
  spring	
  kindergarten 0.33	
  *** 0.05	
  *** 0.09	
  *** 

Math	
  achievement,	
  spring	
  kindergarten 0.15	
  *** 0.42	
  *** 0.18	
  *** 
Science	
  achievement,	
  spring	
  kindergarten 0.11	
  *** 0.09	
  *** 0.27	
  *** 

Externalizing	
  problem	
  behaviors,	
  spring	
  kindergarten 0.03	
  * 0.03	
  ** 0.02	
   
Internalizing	
  problem	
  behaviors,	
  spring	
  kindergarten -­‐0.01 -­‐0.002 0.02 

Behavioral	
  self-­‐regula0on,	
  spring	
  kindergarten 0.07	
  *** 0.11	
  *** 0.07	
  *** 
Vocabulary	
  score	
  12-­‐15 0.32	
  ** 0.38	
  *** 0.67	
  *** 
Vocabulary	
  score	
  16-­‐19 0.52	
  *** 0.52	
  *** 1.16	
  *** 

Vocabulary	
  score	
  20 0.56	
  *** 0.60	
  *** 1.36	
  *** 
R2	
   .59	
   .61	
   .57	
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  Panel	
  Regression	
  Model	
  Es0mates	
  (OLS)	
  of	
  Second	
  Grade	
  
Children’s	
  Classroom	
  Behavior,	
  ECLS-­‐K:	
  2011	
  Data,	
  N	
  =	
  8,920).	
  

Externalizing	
  Problem	
  
Behaviors	
   

Internalizing	
  Problem	
  
Behaviors 

Behavioral	
  Self-­‐
Regula0on 

Intercept -­‐0.02 0.01 -­‐0.13 
Working	
  memory,	
  spring	
  kindergarten -­‐0.01 -­‐0.03	
  * 0.04	
  ** 
Cogni0ve	
  flexibility,	
  spring	
  kindergarten 0.01 0.01 -­‐0.02 
Inhibitory	
  control,	
  spring	
  kindergarten -­‐0.14	
  *** -­‐0.06	
  ** 0.11	
  *** 

Black 0.17	
  *** -­‐0.09	
  * 0.01 
Hispanic -­‐0.10	
  * -­‐0.10	
  * 0.12	
  *** 

Other	
  race/ethnicity	
   -­‐0.05 -­‐0.03 0.10	
  ** 
Female -­‐0.20	
  *** -­‐0.0001 0.29	
  *** 

Lowest	
  SES	
  quin0le,	
  kindergarten 0.17	
  ** 0.12	
  * -­‐0.22	
  *** 
Second	
  lowest	
  SES	
  quin0le,	
  kindergarten 0.19	
  *** 0.12	
  ** -­‐0.18	
  *** 

Middle	
  SES	
  quin0le,	
  kindergarten 0.11	
  *** 0.08	
  * -­‐0.14	
  *** 
Second	
  highest	
  SES	
  quin0le,	
  kindergarten 0.07	
  ** -­‐0.001 -­‐0.07	
  ** 

Child	
  uses	
  non-­‐English	
  at	
  home,	
  spring	
  kindergarten -­‐0.11	
  *** -­‐0.16	
  *** 0.17	
  *** 
IEP,	
  spring	
  2nd	
  grade 0.13	
  ** 0.24	
  *** -­‐0.23	
  *** 

Age	
  (in	
  months),	
  spring	
  2nd	
  grade 0.02 0.04	
  ** -­‐0.02 
Reading	
  achievement,	
  spring	
  kindergarten -­‐0.01 -­‐0.01 0.04	
  ** 

Math	
  achievement,	
  spring	
  kindergarten -­‐0.02 -­‐0.08	
  *** 0.15	
  *** 
Science	
  achievement,	
  spring	
  kindergarten 0.02 0.004 0.004 

Externalizing	
  problem	
  behaviors,	
  spring	
  kindergarten 0.41	
  *** 0.02 -­‐0.12	
  *** 
Internalizing	
  problem	
  behaviors,	
  spring	
  kindergarten -­‐0.06	
  *** 0.18	
  *** 0.01 

Behavioral	
  self-­‐regula0on,	
  spring	
  kindergarten -­‐0.02 -­‐0.08	
  *** 0.22	
  *** 
Vocabulary	
  score	
  12-­‐15 0.004 -­‐0.02 -­‐0.01 
Vocabulary	
  score	
  16-­‐19 0.004 0.01 0.06 

Vocabulary	
  score	
  20 0.03 -­‐0.05	
   0.09 
R2	
   .35	
   .13	
   .37	
  



Are  deficits  in  execu3ve  func3ons  promising  
targets  to  address  STEM  achievement  gaps?  

• To	
  date,	
  EF	
  deficits	
  reported	
  to	
  increase	
  the	
  risk	
  for	
  to	
  lower	
  STEM	
  achievement	
  (e.g.,	
  Peng	
  et	
  al.,	
  2012)	
  
•  May	
  consEtute	
  potenEally	
  useful	
  targets	
  of	
  early	
  STEM	
  intervenEons	
  (Morgan	
  et	
  al.,	
  2016;	
  Viterbori	
  et.,	
  2015)	
  for	
  
reducing	
  math	
  and	
  science	
  achievement	
  gaps	
  (Blair	
  &	
  Raver,	
  2014;	
  Gropen	
  et	
  al.,	
  2011)	
  

•  This	
  includes	
  for	
  students	
  with	
  disabiliEes	
  (Geary	
  et	
  al.,	
  2009;	
  Morgan	
  et	
  al.,	
  2016;	
  Toll	
  et	
  al.,	
  2011;	
  Vugs	
  et	
  al.,	
  2014)	
  

• Yet	
  knowledge	
  about	
  mulE-­‐year	
  risk	
  for	
  school-­‐aged	
  students	
  is	
  very	
  limited.	
  	
  
•  Most	
  available	
  studies	
  have	
  used	
  preschool-­‐	
  or	
  kindergarten-­‐aged	
  convenience	
  samples	
  (Best	
  et	
  al.,	
  2009)	
  
•  The	
  few	
  studies	
  analyzing	
  school-­‐aged	
  samples	
  have	
  mostly	
  used	
  cross-­‐secEonal	
  (Moneoe	
  et	
  al.,	
  2015)	
  or	
  
short-­‐term	
  (e.g.,	
  single	
  year)	
  longitudinal	
  designs	
  (Fuhs,	
  Nesbio,	
  Farran,	
  &	
  Dong,	
  2014;	
  Lefevre	
  et	
  al.,	
  2013)	
  

•  Many	
  have	
  examined	
  only	
  a	
  single	
  type	
  of	
  EF	
  rather	
  than	
  mulEple	
  types	
  simultaneously	
  (Fitzpatrick	
  &	
  Pagani,	
  
2012)	
  	
  

• Few	
  studies	
  have	
  analyzed	
  EF	
  growth	
  trajectories	
  using	
  naEonally	
  representaEve	
  data,	
  thereby	
  
limiEng	
  the	
  generalizability	
  of	
  their	
  findings	
  (Morgan	
  et	
  al.,	
  2016)	
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•  WM	
  &	
  CF	
  deficits	
  increase	
  
kindergarten	
  children’s	
  risk	
  for	
  
reading	
  and	
  math	
  difficulEes	
  in	
  1st	
  
grade	
  	
  	
  

•  WM	
  deficits	
  are	
  an	
  especially	
  strong	
  
risk	
  factor	
  

•  These	
  increased	
  risks	
  are	
  evident	
  
despite	
  staEsEcal	
  control	
  for	
  many	
  
potenEal	
  confounds	
  including	
  prior	
  
histories	
  of	
  reading	
  or	
  math	
  
difficulEes	
  in	
  kindergarten	
  	
  

Coefficients	
  are	
  Odds	
  RaEos	
  



Are  EF  deficits  predic3ve  of  STEM  
difficul3es  over  3me?  

• AnalyEcal	
  subsample	
  of	
  8,330	
  children	
  parEcipaEng	
  in	
  the	
  ECLS-­‐K:	
  2011	
  

• Children’s	
  math	
  &	
  science	
  achievement	
  individually	
  assessed,	
  as	
  were	
  their	
  EF	
  

• Use	
  of	
  growth	
  mixture	
  modeling	
  using	
  standardized	
  scores	
  to	
  idenEfy	
  homogenous	
  classes	
  of	
  achievement	
  
trajectory,	
  with	
  parEcular	
  focus	
  on	
  repeatedly	
  low	
  achievement	
  
•  Groups	
  idenEfied	
  using	
  BIC,	
  minimum	
  size	
  of	
  5%	
  of	
  sample,	
  &	
  posterior	
  probabiliEes	
  above	
  .70	
  	
  

• MulEnomial	
  logisEc	
  regression	
  to	
  esEmate	
  the	
  risk	
  of	
  deficits	
  in	
  WM,	
  CF,	
  IC	
  of	
  experiencing	
  repeated	
  academic	
  
difficulEes	
  in	
  mathemaEcs,	
  reading,	
  and	
  science	
  	
  
•  EF	
  deficits	
  using	
  lowest	
  10%	
  cut	
  off,	
  averaged	
  across	
  fall	
  &	
  spring	
  of	
  kindergarten	
  
•  Robustness	
  checks	
  using	
  other	
  deficit	
  idenEficaEon	
  criteria	
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Source:	
  Morgan,	
  P.	
  L.,	
  Farkas,	
  G.,	
  Hillemeier,	
  M.	
  M.,	
  Oh,	
  Y.,	
  Wang,	
  Y.,	
  &	
  Maczuga,	
  S.	
  (in	
  revision).	
  ExecuEve	
  funcEon	
  deficits	
  in	
  kindergarten	
  predict	
  repeated	
  academic	
  
achievement	
  difficulEes	
  across	
  elementary	
  school.	
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Figure	
  5.	
  	
  Trajectories	
  of	
  Mathema,cs	
  Test	
  Scores	
  (Standardized	
  at	
  each	
  ,me	
  point)	
  for	
  Grade	
  1,	
  2,	
  
and	
  3,	
  ECLS-­‐K:	
  2011	
  Data	
  (N	
  =	
  8,	
  330).	
  



Figure	
  6.	
  	
  Trajectories	
  of	
  Science	
  Test	
  Scores	
  (Standardized	
  at	
  each	
  ,me	
  point)	
  for	
  Grade	
  1,	
  2,	
  and	
  3,	
  ECLS-­‐K:	
  
2011	
  Data	
  (N	
  =	
  8,330).	
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Note	
  Group	
  1	
  &	
  4	
  
sizes	
  here	
  vs.	
  

Group	
  1	
  &	
  4	
  sizes	
  
of	
  of	
  5.8%	
  &	
  32%	
  	
  

for	
  math	
  



Table	
  1.	
  Predictors	
  (Odds	
  Ra0os)	
  of	
  Trajectory	
  Group	
  Membership	
  of	
  Math	
  Achievement	
  (1st-­‐3rd	
  Grade,	
  ECLS-­‐K:	
  2011	
  Data;	
  N	
  =	
  8,330)	
  

Group	
  1	
  (Repeatedly	
  Lowest	
  
Achievement,	
  5.8%)	
  

Group	
  2	
  (Repeatedly	
  Low	
  Achievement,	
  
23.3%)	
  

Group	
  4	
  (Repeatedly	
  High	
  
Achievement,	
  32%)	
  	
  

Model	
  1	
   Model	
  2	
   Model	
  3	
   Model	
  1	
   Model	
  2	
   Model	
  3	
   Model	
  1	
   Model	
  2	
   Model	
  3	
  

Execu0ve	
  Func0on	
  Deficits	
  

Cogni0ve	
  Flexibility	
  Deficits	
  	
   6.58	
   ***	
   1.72	
   ***	
   1.70	
   **	
   2.28	
   ***	
   1.16	
   1.15	
   0.42	
   ***	
   0.86	
   0.82	
  

Working	
  Memory	
  Deficits	
  	
   14.58	
   ***	
   5.00	
   ***	
   5.25	
  	
   ***	
   4.29	
   ***	
   2.19	
  	
   ***	
   2.15	
  	
   ***	
   0.22	
   ***	
   0.74	
   0.78	
  

Inhibitory	
  Control	
  Deficits	
  	
   4.81	
   ***	
   2.24	
   ***	
   2.25	
   ***	
   2.08	
   ***	
   1.52	
  	
   ***	
   1.63	
   ***	
   0.78	
   *	
   1.24	
   0.98	
  

Academic	
  Achievement,	
  S	
  of	
  K	
  	
  

Reading	
  Achievement	
  	
   1.01	
   1.00	
   1.02	
   **	
   1.01	
   1.00	
   1.00	
  

Math	
  Achievement	
   0.68	
   ***	
   0.68	
   ***	
   0.83	
   ***	
   0.83	
   ***	
   1.23	
   ***	
   1.23	
   ***	
  

Science	
  Achievement	
   0.92	
   ***	
   0.92	
   ***	
   0.95	
   ***	
   0.95	
   ***	
   1.05	
   ***	
   1.04	
   ***	
  
Child’s	
  Age	
  at	
  K	
  Entry	
   0.99	
   1.01	
   0.97	
  	
   ***	
  
Child’s	
  Race/ethnicity	
  	
  

Black	
   3.74	
   ***	
   3.30	
   ***	
   0.32	
   ***	
  

Hispanic	
   0.81	
   1.06	
   0.62	
   ***	
  

Asian	
   0.16	
   **	
   0.59	
   **	
   1.16	
  

Other	
  Race	
   1.62	
   1.30	
   1.09	
  

Male	
   0.67	
   **	
   0.66	
   ***	
   2.43	
   ***	
  

SES	
   0.96	
   0.89	
   *	
   1.17	
   **	
  

LD,	
  1st	
  Grade	
   	
  	
   	
  	
   	
  	
   	
  	
   4.02	
   *	
   	
  	
   	
  	
   	
  	
   	
  	
   2.58	
   *	
   	
  	
   	
  	
   	
  	
   	
  	
   0.41	
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Table	
  1.	
  Predictors	
  (Odds	
  Ra0os)	
  of	
  Trajectory	
  Group	
  Membership	
  of	
  Science	
  Achievement	
  (1st-­‐3rd	
  Grade,	
  ECLS-­‐K:	
  2011	
  Data;	
  N	
  =	
  8,330)	
  
Group	
  1	
  (Repeatedly	
  Lowest	
  

Achievement,	
  13.7%)	
  
Group	
  2	
  (Repeatedly	
  Low	
  Achievement,	
  

32.5%)	
  
Group	
  4	
  (Repeatedly	
  High	
  Achievement,	
  

14.1%)	
  	
  

Model	
  1	
   Model	
  2	
   Model	
  3	
   Model	
  1	
   Model	
  2	
   Model	
  3	
   Model	
  1	
   Model	
  2	
   Model	
  3	
  

Execu0ve	
  Func0on	
  Deficits	
  	
  

Cogni0ve	
  Flexibility	
  Deficits	
   6.85	
   ***	
   1.91	
   ***	
   1.95	
   ***	
   2.25	
   ***	
   1.30	
   *	
   1.34	
   *	
   0.40	
   ***	
   0.70	
   0.68	
  

Working	
  Memory	
  Deficits	
   9.62	
   ***	
   2.08	
   ***	
   1.89	
   ***	
   2.97	
   ***	
   1.14	
   1.06	
   0.13	
   ***	
   0.55	
   0.57	
  

Inhibitory	
  Control	
  Deficits	
   2.59	
   ***	
   1.29	
   1.46	
   *	
   1.51	
   ***	
   1.07	
   1.17	
   0.70	
   *	
   1.05	
   1.01	
  

Academic	
  Achievement	
  

Reading	
  Achievement	
   0.96	
   ***	
   0.94	
   ***	
   0.98	
   ***	
   0.97	
   ***	
   1.02	
   ***	
   1.02	
   ***	
  

Math	
  Achievement	
   0.87	
   ***	
   0.88	
   ***	
   0.93	
   ***	
   0.94	
   ***	
   1.07	
   ***	
   1.06	
   ***	
  

Science	
  Achievement	
   0.67	
   ***	
   0.67	
   ***	
   0.83	
   ***	
   0.83	
   ***	
   1.22	
   ***	
   1.22	
   ***	
  
Child	
  Age	
  at	
  K	
  Entry	
   1.03	
   *	
   1.02	
   *	
   1.00	
  

Child	
  Race	
  

Black	
   4.30	
   ***	
   2.27	
   ***	
   0.82	
  

Hispanic	
   1.09	
   1.08	
   1.04	
  

Asian	
   0.50	
   **	
   0.74	
   *	
   0.98	
  

Other	
  Race	
   0.79	
   0.91	
   1.39	
   *	
  

Male	
   0.51	
   ***	
   0.68	
   ***	
   1.30	
   **	
  

SES	
   0.81	
   **	
   0.88	
   **	
   1.39	
   ***	
  

LD,	
  1st	
  Grade	
   	
  	
   	
  	
   	
  	
   	
  	
   4.37	
   *	
   	
  	
   	
  	
   	
  	
   	
  	
   3.25	
   *	
   	
  	
   	
  	
   	
  	
   	
  	
   2.25	
   	
  	
  



Limita3ons   


• CorrelaEonal,	
  non-­‐experimental	
  data	
  
•  Strong	
  causal	
  inferences	
  are	
  not	
  possible,	
  experimental	
  studies	
  necessary	
  to	
  establish	
  causality	
  	
  	
  
•  Our	
  findings	
  help	
  establish,	
  co-­‐variance,	
  temporal	
  precedence	
  &	
  account	
  for	
  many	
  alternaEve	
  
explanatory	
  factors	
  

• EF	
  measurement	
  limitaEons	
  due	
  to	
  logisEcs	
  of	
  1:1	
  administraEon	
  to	
  a	
  very	
  large	
  sample	
  	
  	
  

• Glass	
  “half	
  full”	
  but	
  also	
  “half	
  empty”	
  	
  
•  Effect	
  sizes	
  are	
  small	
  but	
  non-­‐trivial	
  	
  
•  Yet	
  EF	
  deficits	
  are	
  malleable,	
  within	
  the	
  constrained	
  set	
  of	
  malleable	
  factors	
  in	
  school-­‐based	
  contexts,	
  &	
  
might	
  be	
  addiEonal	
  targets	
  with	
  intervenEons	
  that	
  also	
  address	
  academic	
  skills	
  deficits	
  	
  

32	
  



Summary  

• Children	
  with	
  or	
  at	
  risk	
  for	
  learning	
  disabiliEes	
  begin	
  to	
  display	
  repeated	
  STEM	
  difficulEes	
  by	
  elementary	
  
school	
  	
  
•  This	
  increased	
  risk	
  is	
  consistently	
  observed	
  &	
  begins	
  very	
  early	
  	
  

• These	
  STEM	
  difficulEes	
  persist	
  &	
  may	
  worsen	
  over	
  Eme	
  	
  

• LD	
  children’s	
  greater	
  risk	
  for	
  repeated	
  STEM	
  difficulEes	
  are	
  not	
  explained	
  by	
  family	
  SES,	
  race/ethnicity,	
  
gender,	
  or	
  prior	
  history	
  of	
  academic	
  difficulEes	
  	
  

• EF	
  generally	
  is	
  related	
  to	
  both	
  academic	
  achievement	
  &	
  classroom	
  behavior,	
  &	
  EF	
  deficits	
  increase	
  the	
  the	
  
risk	
  for	
  experiencing	
  repeated	
  STEM	
  difficulEes	
  
•  WM	
  may	
  be	
  an	
  especially	
  promising	
  target	
  of	
  experimentally-­‐evaluated	
  intervenEons	
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Thank  you  

• Paul	
  L.	
  Morgan	
  
• paulmorgan@psu.edu	
  	
  
• @PaulMorganPHD	
  

• George	
  Farkas	
  
• gfarkas@uci.edu	
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EF	
  
S-­‐K	
  

EF	
  
F-­‐1	
  

EF	
  
F-­‐K	
  

EF	
  
S-­‐1	
  

EF	
  
F-­‐2	
  

EF	
  
S-­‐2	
  

EF	
  
S-­‐3	
  

IWM	
   SWM	
  

IMATH	
   SMATH	
  

Disability	
  
(IEP)	
  

MATH	
  
S-­‐K	
  

MATH	
  
F-­‐1	
  

MATH	
  
F-­‐K	
  

MATH	
  
S-­‐1	
  

MATH	
  
F-­‐2	
  

MATH	
  
S-­‐2	
  

MATH	
  
S-­‐3	
  

-­‐0.11***	
  

-­‐0.06***	
  

0.29***	
  

Indirect	
  Effect	
  through	
  SWM:	
  	
  
	
  
EsEmate	
  =	
  -­‐0.032	
  
95%	
  CI	
  [-­‐0.042,	
  -­‐0.021]	
  
	
  

-­‐14.3***	
  

-­‐13.9***	
  
0.01***	
  

-­‐0.01***	
  

Effects	
  of	
  Disability	
  on	
  MathemaEcs	
  Achievement:	
  Working	
  Memory	
  as	
  a	
  PotenEal	
  Mediator	
  



What  should  parents,  teachers,  and  
policymakers  be  doing?  

• Parents	
  &	
  teachers	
  	
  
•  Model	
  STEM	
  thinking	
  and	
  literacy,	
  interest	
  in	
  STEM	
  content	
  	
  
•  Making	
  observaEons	
  
•  Asking	
  quesEons	
  
•  GeneraEng	
  and	
  evaluaEng	
  hypotheses	
  about	
  the	
  everyday	
  world	
  

• Policymakers	
  	
  
•  Increase	
  access	
  to	
  informal	
  &	
  formal	
  learning	
  opportuniEes	
  
prior	
  to	
  school	
  entry	
  	
  

•  Address	
  widespread	
  racial	
  and	
  economic	
  segregaEon	
  in	
  U.S.	
  
schools	
  	
  

•  Increase	
  use	
  of	
  early	
  universal	
  screening	
  for	
  children	
  at	
  risk	
  

• hops://www.youtube.com/watch?v=_LWgPh_k5DI	
  

36	
  


