
Abstract	
  
	
  This	
  poster	
  illustrates	
  how	
  informa2on	
  collected	
  during	
  student	
  think-­‐alouds	
  can	
  inform	
  the	
  
assessment	
  development	
  process	
  by	
  providing	
  concrete	
  examples	
  of	
  students’	
  misconcep2ons	
  
and	
  valuable	
  insights	
  regarding	
  the	
  clarity	
  of	
  mathema2cs	
  problems.	
  	
  For	
  this	
  study	
  we	
  collected	
  
think-­‐aloud	
  data	
  from	
  30	
  students	
  in	
  Grades	
  2-­‐4	
  as	
  they	
  solved	
  10	
  mul2ple-­‐choice	
  mathema2cs	
  
items.	
  We	
  present	
  illustra2ve	
  examples	
  collected	
  during	
  the	
  think-­‐alouds	
  and	
  discuss	
  how	
  this	
  
informa2on	
  was	
  used	
  to	
  inform	
  future	
  item	
  development.	
  We	
  also	
  provide	
  preliminary	
  evidence	
  
that	
  having	
  students	
  think-­‐aloud	
  while	
  solving	
  math	
  problems	
  is	
  posi2vely	
  related	
  to	
  their	
  sense	
  
of	
  mathema2cs	
  self-­‐efficacy.	
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Background	
  
	
  Verbal	
  protocols,	
  or	
  student	
  think-­‐alouds,	
  can	
  provide	
  informa2on	
  about	
  the	
  cogni2ve	
  processes	
  
students	
  engage	
  in	
  while	
  comple2ng	
  a	
  task	
  (Ericsson	
  &	
  Simon,	
  1993)	
  and	
  students’	
  
understanding	
  (or	
  misunderstanding)	
  of	
  content	
  (Leighton,	
  2004)	
  with	
  an	
  ul2mate	
  goal	
  of	
  seeing	
  
first-­‐hand	
  the	
  process	
  of	
  task	
  comple2on,	
  rather	
  than	
  just	
  the	
  final	
  product	
  (i.e.,	
  selec2on	
  of	
  a	
  
response).	
  A	
  review	
  of	
  the	
  literature	
  reveals	
  the	
  frequent	
  collec2on	
  of	
  two	
  types	
  of	
  think-­‐aloud	
  
data:	
  
•  Concurrent	
  Think-­‐Alouds:	
  Students	
  are	
  asked	
  to	
  think	
  aloud	
  while	
  they	
  complete	
  a	
  task,	
  or	
  

talk	
  about	
  what	
  they	
  are	
  doing	
  as	
  they	
  are	
  doing	
  it.	
  Students	
  are	
  not	
  asked	
  to	
  explain	
  what	
  
they	
  are	
  doing	
  or	
  why	
  they	
  are	
  doing	
  it.	
  

•  Retrospec2ve	
  Think-­‐Alouds:	
  Students	
  are	
  asked	
  to	
  describe	
  their	
  cogni2ve	
  processes	
  a-er	
  
they	
  solved	
  the	
  problem.	
  This	
  provides	
  students	
  with	
  an	
  opportunity	
  to	
  describe	
  any	
  
metacogni2ve	
  processes	
  they	
  engaged	
  in	
  and	
  is	
  intended	
  to	
  verify	
  that	
  the	
  content	
  of	
  the	
  
concurrent	
  think-­‐aloud	
  is	
  accurate.	
  Retrospec2ve	
  think-­‐alouds	
  are	
  currently	
  designed	
  to	
  
include	
  specific	
  ques2ons	
  about	
  processes	
  or	
  percep2ons	
  that	
  you	
  want	
  to	
  learn	
  more	
  about.	
  

Self	
  efficacy	
  in	
  educa2on	
  refers	
  to	
  the	
  beliefs	
  students	
  hold	
  about	
  their	
  capability	
  to	
  accomplish	
  
tasks	
  required	
  for	
  learning	
  (Joet,	
  Usher,	
  &	
  Bressoux,	
  2011).	
  Percep2ons	
  of	
  self-­‐efficacy	
  formed	
  in	
  
elementary	
  school	
  are	
  believed	
  to	
  be	
  cornerstone	
  on	
  which	
  subsequent	
  beliefs	
  about	
  one’s	
  self	
  
efficacy	
  are	
  structured	
  (Bandura,	
  1997).	
  	
  Recent	
  research	
  (Adelson	
  &	
  McCoach,	
  2011;	
  Hacked	
  &	
  
Betz,	
  1989;	
  Joet	
  et	
  al.,	
  2011)	
  reveals	
  posi2ve	
  moderate	
  rela2ons	
  between	
  mathema2cs	
  self-­‐
efficacy	
  and	
  mathema2cs	
  performance	
  for	
  students	
  in	
  Grades	
  3	
  –	
  college.	
  

Illustra2ve	
  Examples	
  from	
  Verbal	
  Protocols	
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Note.	
  This	
  project	
  was	
  funded	
  by	
  Region	
  13,	
  in	
  collabora2on	
  with	
  the	
  Texas	
  Educa2on	
  Agency.	
  	
  
Ques2ons?	
  For	
  further	
  informa2on	
  about	
  our	
  research,	
  please	
  contact	
  	
  Research	
  in	
  Mathema2cs	
  Educa2on	
  at	
  Southern	
  Methodist	
  

University	
  (rme@smu.edu).	
  	
  

Purpose	
  

The	
  purpose	
  of	
  this	
  study	
  is	
  twofold:	
  
1.  To	
  describe	
  how	
  student-­‐think	
  aloud	
  data	
  can	
  be	
  used	
  to	
  inform	
  the	
  assessment	
  development	
  

process	
  
2.  To	
  explore	
  the	
  rela2on	
  between	
  the	
  opportunity	
  to	
  think-­‐aloud	
  while	
  solving	
  math	
  problems	
  

and	
  mathema2cs	
  self-­‐efficacy	
  

Method	
  
	
  Par2cipants	
  	
  
	
  	
  	
  Par2cipants	
  in	
  this	
  study	
  included	
  30	
  students	
  in	
  Grades	
  2-­‐4	
  (10	
  from	
  each	
  grade)	
  of	
  varying	
  
mathema2cs	
  ability	
  whose	
  classroom	
  teachers	
  volunteered	
  to	
  par2cipate	
  in	
  the	
  study.	
  Students	
  
ages	
  ranged	
  from	
  7	
  –	
  10	
  years,	
  53%	
  of	
  students	
  were	
  female,	
  and	
  80%	
  of	
  students	
  were	
  white.	
  

	
  	
  	
  Procedures	
  	
  
•  Prior	
  to	
  collec2ng	
  think-­‐aloud	
  data	
  or	
  having	
  students	
  respond	
  to	
  the	
  10	
  mul2ple-­‐choice	
  items,	
  

students	
  completed	
  the	
  Math	
  &	
  Me	
  Survey	
  (Adelson,	
  2006).	
  	
  
•  Interviews	
  to	
  collect	
  think-­‐aloud	
  data	
  were	
  conducted	
  1:1	
  with	
  an	
  interviewer,	
  observed	
  by	
  a	
  

field-­‐observer,	
  and	
  audio-­‐recorded.	
  The	
  interviewer	
  explained	
  the	
  task	
  to	
  students,	
  modeled	
  
how	
  to	
  think-­‐aloud,	
  and	
  then	
  had	
  students	
  prac2ce	
  thinking	
  aloud	
  while	
  solving	
  one	
  problem.	
  	
  

•  Then,	
  for	
  each	
  of	
  the	
  10	
  mul2ple-­‐choice	
  items,	
  the	
  following	
  steps	
  took	
  place:	
  (1)	
  students	
  saw	
  
the	
  problem	
  and	
  predicted	
  their	
  likelihood	
  of	
  selec2ng	
  the	
  correct	
  response,	
  (2)	
  students	
  
solved	
  the	
  problem	
  while	
  thinking	
  aloud	
  (concurrent	
  think-­‐aloud),	
  (3)	
  students	
  rated	
  their	
  
confidence	
  in	
  the	
  correctness	
  of	
  their	
  response	
  and	
  their	
  perceived	
  difficulty	
  of	
  the	
  item,	
  and	
  
(4)	
  students	
  responded	
  to	
  a	
  series	
  of	
  follow-­‐up,	
  retrospec2ve	
  think-­‐aloud	
  ques2ons.	
  	
  

•  Aker	
  solving	
  all	
  10	
  items,	
  students	
  completed	
  the	
  Math	
  &	
  Me	
  Survey	
  a	
  second	
  2me.	
  
	
  
	
  

Self-­‐Efficacy	
  Results	
  
Here	
  we	
  compare	
  the	
  change	
  in	
  the	
  level	
  of	
  agreement	
  students	
  had	
  with	
  the	
  18	
  math-­‐
related	
  statements	
  on	
  the	
  Math	
  &	
  Me	
  self-­‐efficacy	
  survey	
  from	
  pretest	
  (prior	
  to	
  solving	
  
the	
  problems	
  and	
  thinking	
  aloud)	
  to	
  posdest	
  (aker	
  solving	
  and	
  thinking	
  aloud).	
  	
  
•  Number	
  of	
  respondents:	
  28	
  –	
  29	
  per	
  item	
  (Grades	
  2-­‐4)	
  
•  Scale:	
  Strongly	
  Disagree,	
  Disagree,	
  Neither	
  Disagree	
  or	
  Agree,	
  Agree,	
  Strongly	
  Agree	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

•  Responses	
  for	
  the	
  majority	
  of	
  students	
  in	
  Grades	
  2-­‐4	
  were	
  more	
  posi2ve	
  aker	
  solving	
  
the	
  problems	
  and	
  doing	
  the	
  think-­‐aloud	
  task	
  with	
  the	
  interviewer.	
  

•  Between	
  approximately	
  30%	
  and	
  40%	
  of	
  students	
  indicated	
  they	
  did	
  not	
  find	
  math	
  as	
  
boring,	
  did	
  not	
  perceive	
  it	
  as	
  hard	
  or	
  confusing,	
  and	
  did	
  not	
  agree	
  as	
  much	
  with	
  the	
  
statement	
  “I	
  hate	
  math”	
  aker	
  doing	
  the	
  think-­‐aloud	
  task	
  with	
  the	
  interviewer.	
  

•  On	
  average,	
  Grade	
  2	
  students	
  were	
  more	
  likely	
  	
  to	
  change	
  their	
  ra2ngs	
  to	
  indicate	
  
more	
  posi2ve	
  percep2ons	
  of	
  mathema2cs	
  self-­‐efficacy	
  than	
  students	
  in	
  Grades	
  3	
  and	
  
4.	
  51.4%	
  of	
  Grade	
  2	
  students’	
  responses	
  were	
  more	
  posi2ve	
  at	
  post-­‐test	
  than	
  at	
  
pretest,	
  compared	
  to	
  45.57%	
  of	
  Grade	
  3	
  student’s	
  responses	
  and	
  only	
  16%	
  of	
  Grade	
  4	
  
students’	
  responses.	
  

•  The	
  majority	
  of	
  students’	
  responses	
  in	
  Grade	
  4	
  (61%)	
  did	
  not	
  change	
  from	
  pretest	
  to	
  
posdest,	
  indica2ng	
  their	
  mathema2cs	
  self-­‐efficacy	
  may	
  be	
  more	
  firmly	
  established.	
  

How	
  Can	
  Think-­‐Alouds	
  Inform	
  Assessment	
  
Development?	
  

By	
  providing	
  informa2on	
  about…	
  

•  Why	
  students	
  selected	
  a	
  par2cular	
  response	
  –	
  what	
  informa2on	
  in	
  a	
  par2cular	
  
response	
  op2on	
  is	
  “adrac2ve”	
  to	
  students?	
  	
  (see	
  Grade	
  2	
  example)	
  

•  How	
  students	
  are	
  solving	
  a	
  problem	
  that	
  may	
  be	
  introducing	
  unnecessary	
  complexity	
  
and	
  increasing	
  the	
  possibility	
  for	
  error	
  (see	
  Grade	
  4	
  example)	
  

•  Whether	
  students	
  are	
  using	
  the	
  math-­‐based	
  skills	
  and	
  strategies	
  taught	
  during	
  
instruc2on	
  to	
  solve	
  a	
  problem	
  or	
  if	
  they	
  are	
  relying	
  on	
  a	
  more	
  general	
  “test-­‐taking”	
  
strategy	
  (e.g.,	
  process	
  of	
  elimina2on)	
  

•  Students’	
  understanding	
  of	
  the	
  language	
  used	
  in	
  an	
  item	
  and	
  whether	
  that	
  
understanding	
  influences	
  their	
  ability	
  to	
  select	
  the	
  correct	
  response	
  (e.g.,	
  Do	
  they	
  
know	
  what	
  the	
  problem	
  is	
  asking	
  them	
  to	
  do?)	
  

	
  	
  

#	
  Who	
  Selected	
  Correct	
  
Response	
  

0	
  

#	
  Who	
  Selected	
  
Distractor	
  B	
  

9	
  

Average	
  Response	
  Time	
   1:25	
  

90%	
  of	
  students	
  appear	
  to	
  have	
  
selected	
  the	
  incorrect	
  response	
  
based	
  on	
  an	
  understanding	
  or	
  

expecta2on	
  they	
  were	
  being	
  asked	
  
to	
  figure	
  out	
  the	
  number	
  of	
  friends	
  
that	
  were	
  coming	
  to	
  the	
  party.	
  

Students’	
  ra2onale	
  for	
  their	
  answer	
  choice:	
  
“	
  [I	
  knew	
  B	
  was	
  the	
  correct	
  response]	
  
because	
  it	
  has	
  all	
  of	
  the	
  numbers	
  that	
  is	
  on	
  
the	
  ques2on.”	
  
“[The	
  problem	
  is	
  asking]	
  what	
  is	
  like	
  the	
  –	
  like	
  
what	
  total	
  of	
  it	
  is	
  how	
  many	
  friends	
  is	
  gonna	
  
come?”	
  

For	
  this	
  item,	
  the	
  think-­‐alouds	
  verified	
  that	
  students	
  did	
  not	
  understand	
  they	
  were	
  being	
  
asked	
  to	
  write	
  an	
  equa2on	
  to	
  represent	
  the	
  problem.	
  	
  Based	
  on	
  the	
  average	
  response	
  
2me	
  and	
  student	
  responses	
  to	
  level	
  of	
  difficulty,	
  our	
  item	
  construct	
  was	
  verified.	
  
	
  
DECISION:	
  Clarify	
  the	
  ques2on	
  stem.	
  

#	
  Who	
  Selected	
  the	
  
Correct	
  Response	
  

7	
  

Average	
  Response	
  
Time	
  

4:32	
  

Minimum	
  Response	
  
Time	
  

3:00	
  

Maximum	
  Response	
  
Time	
  

7:00	
  

What	
  is	
  this	
  problem	
  asking	
  you	
  
to	
  do?	
  
	
  	
  “Eaten	
  or	
  protected”	
  
Why	
  didn’t	
  you	
  select	
  Response	
  
D?	
  
	
  	
  “Because	
  its	
  poin:ng	
  at	
  this	
  
one,	
  saying	
  that	
  this	
  one	
  would	
  
get	
  eaten	
  but	
  this	
  one’s	
  
supposed	
  to	
  get	
  eaten,	
  not	
  that	
  
one”	
  

For	
  this	
  item,	
  students’	
  problem-­‐solving	
  processes	
  showed	
  they	
  were	
  spending	
  a	
  
significant	
  amount	
  of	
  2me	
  rewri2ng	
  the	
  problem	
  to	
  make	
  the	
  popula2ons	
  of	
  the	
  ci2es	
  
easier	
  to	
  compare.	
  Mul2ple	
  students	
  also	
  said	
  they	
  found	
  it	
  challenging	
  to	
  read	
  some	
  of	
  
the	
  city	
  names	
  in	
  the	
  problem.	
  
	
  
SUGGESTIONS	
  FOR	
  REVISION:	
  	
  
	
  	
  Consider	
  using	
  names/items	
  for	
  comparison	
  that	
  are	
  easily	
  decodable	
  and/or	
  familiar	
  
for	
  students	
  
	
  	
  Depending	
  on	
  the	
  target	
  level	
  of	
  difficulty,	
  consider	
  including	
  3	
  op2ons	
  for	
  comparison	
  
instead	
  of	
  4	
  

Item	
  
%	
  	
  of	
  students	
  whose	
  
responses	
  were	
  more	
  
nega2ve	
  at	
  post-­‐test	
  

%	
  of	
  students	
  whose	
  
responses	
  were	
  the	
  same	
  

at	
  post-­‐test	
  

%	
  of	
  students	
  whose	
  
responses	
  were	
  more	
  
posi2ve	
  at	
  posdest	
  

1.	
  I	
  am	
  good	
  at	
  math	
   25.00%	
   46.43%	
   28.57%	
  

2.	
  I	
  love	
  math.	
   14.29%	
   53.57%	
   32.14%	
  

3.	
  I	
  understand	
  math.	
   24.14%	
   41.38%	
   34.48%	
  

4.	
  Math	
  is	
  boring.	
   6.90%	
   44.83%	
   48.26%	
  

5.	
  I	
  can	
  solve	
  difficult	
  math	
  problems.	
   11.54%	
   61.54%	
   26.92%	
  

6.	
  I	
  enjoy	
  doing	
  math	
  problems.	
   17.86%	
   42.86%	
   39.29%	
  

7.	
  Math	
  is	
  very	
  hard	
  for	
  me.	
   27.59%	
   34.48%	
   37.93%	
  

8.	
  I	
  do	
  math	
  problems	
  on	
  my	
  own	
  “just	
  for	
  
fun”	
   20.69%	
   37.93%	
   41.38%	
  

9.	
  Math	
  is	
  confusing	
  to	
  me.	
   35.71%	
   35.71%	
   28.57%	
  

10.	
  Math	
  is	
  fun.	
   10.34%	
   48.28%	
   41.38%	
  

11.	
  I	
  look	
  forward	
  to	
  learning	
  new	
  math.	
   21.43%	
   25.00%	
   53.57%	
  

12.	
  Math	
  comes	
  easily	
  to	
  me.	
   17.24%	
   51.72%	
   31.03%	
  

13.I	
  hate	
  math.	
  	
   6.90%	
   58.62%	
   34.48%	
  

14.	
  I	
  enjoy	
  playing	
  math	
  games.	
   24.14%	
   44.83%	
   31.03%	
  

15.	
  I	
  can	
  tell	
  if	
  my	
  answers	
  in	
  math	
  make	
  
sense.	
   10.34%	
   51.72%	
   37.93%	
  

16.	
  I	
  enjoy	
  studying	
  math.	
   13.79%	
   58.62%	
   27.59%	
  

17.	
  Doing	
  math	
  is	
  easy	
  for	
  me.	
   13.79%	
   41.38%	
   44.83%	
  

18.	
  Solving	
  math	
  problems	
  is	
  fun.	
   10.34%	
   44.83%	
   44.83%	
  


