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Abstract	  
 

This	  research	  examines	  if	  a	  simple	  Algebra	  I	  assessment	  (no	  calculators	  allowed	  and	  
open-‐ended	   format)	   administered	   by	   the	   Principles	   of	   Economics	   faculty	   at	   this	  
institution	  is	  capturing	  some	  weakness	  in	  students’	  basic	  math	  ability	  that	  the	  SAT	  
Math	   test	   (calculator	  use	  allowed	  and	  mostly	  multiple-‐choice	   format)	   is	  not.	   	   	  Our	  
hypothesis	   is	   that	   the	   use	   of	   a	   calculator	   and	   a	   multiple-‐choice	   format	   may	   be	  
allowing	  students	  to	  answer	  questions	  correctly	  they	  would	  otherwise	  not	  be	  able	  to	  
work	   through	   and	   solve.	   	   In	   other	   words,	   students	   may	   know	   how	   to	   compute	  
answers	  with	  calculators	  or	  reverse	  engineer	  multiple-‐choice	  questions	  while	  failing	  
to	  understand	  underlying	  math	  concepts.	  	  	  
	  
This	  paper	  presents	  results	  from	  primary	  experimental	  data	  collected	  Fall	  2013	  on	  
1400	  students	  registered	   for	  Principles	  of	  Economics	   for	  which	  the	  prerequisite	   is	  
Algebra	   I.	   	   The	   dataset	   contains	   Algebra	   I	   assessment	   results	   by	   type	   of	   question	  
(with	  and	  without	  the	  use	  of	  a	  calculator;	  and	  either	  multiple	  choice	  or	  open-‐ended	  
format)	  and	  other	   student	   characteristics	   including	  SAT	  Math	   scores.	   	  Assessment	  
questions	  were	  identical	  to	  those	  on	  recent	  SAT	  Math	  tests.	  
	  
We	   identify	   whether	   calculator	   use	   or	   test	   format	   has	   a	   greater	   effect	   overall	   on	  
speed	  and	  performance	  on	  tests.	  	  We	  identify	  questions	  students	  are	  able	  to	  answer	  
correctly	  with	   or	  without	   a	   calculator,	   and	  multiple	   choice	   or	   open-‐ended	   format.	  	  
We	  then	  identify	  questions	  students	  are	  unable	  to	  answer	  without	  a	  calculator	  or	  if	  a	  
test	  has	  an	  open-‐ended	  format,	  and	  whether	  type	  of	  calculator	  makes	  a	  difference.	  	  
We	  compare	  performance	  on	  such	  questions	   to	  see	  which	  of	   these	  math	  skills	  are	  
critical	  to	  the	  study	  of	  economics.	  	  Results	  are	  presented	  by	  student	  characteristics.	  	  
Finally,	   we	   discuss	   how	   to	   develop	   assessments	   to	   test	   math	   skills	   needed	   for	  
Principles	  of	  Economics.	  
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1.	  Introduction	  
	  
Each	  year,	  students’	  college	  admissions	  are	  based	  in	  part	  on	  their	  SAT	  Math	  scores.	  
The	   expectation	   of	   Economics	   faculty	   is	   that	   if	   students	   have	   been	   admitted	   into	  
college,	   they	   should	   have	   the	   math	   skills	   necessary	   to	   navigate	   a	   Principles	   of	  
Economics	  course.	   	  However,	  anecdotal	  evidence	   from	  faculty	  suggests	   that	   this	   is	  
not	  the	  case.	  	   	  Evidence	  from	  research	  in	  this	  area	  suggests	  that	  many	  students	  fail	  
to	   comprehend	   foundational	   material	   in	   economics	   due	   to	   gaps	   in	   their	  
understanding	  of	  basic	  math	  concepts	  (Mallik	  and	  Lodewijks	  2010;	  Owen	  2012)	  and	  
that	   in	   addition	   to	   grades	   in	   advanced	  math	   classes	   and	   strong	   standardized	   test	  
scores,	  a	  student’s	  score	  on	  a	  math	  quiz	  given	  at	  the	  beginning	  of	  an	  economics	  class	  
has	  a	  statistically	  significant	  positive	  impact	  on	  performance	  in	  the	  course	  (Arnold	  
and	  Straten	  2012,	  Ballard	  and	  Johnson	  2004,	  Benedict	  and	  Hoag	  2002,	  Benedict	  and	  
Hoag	  2012,	  Schuhmann	  et	  al	  2005).	  
	  
To	   address	   this	   issue,	   Principles	   faculty	   at	   this	   institution	   administer	   a	   common	  
Algebra	   I	   assessment	  at	   the	   start	  of	   each	  Fall	   semester.	   	  The	  questions	  are	   simple	  
and	   cover	   only	   those	   skills	   required	   for	   a	   Principles	   class	   –	   percentage	   change,	  
ratios,	  proportions,	  fractions	  and	  decimals,	  order	  of	  operations,	  place	  value,	  the	  area	  
of	   a	   triangle,	   simple	   exponents	   and	   the	   graph	   of	   a	   straight	   line.	   	   Students	   are	  
informed	   two	  weeks	   before	   class	   that	   an	  Algebra	   I	   assessment	  worth	   10%	  of	   the	  
course	  grade	  will	  be	  administered	  in	  Week	  One.	  	  They	  are	  pointed	  towards	  learning	  
resources	   and	   told	   that	   calculators	   will	   not	   be	   allowed	   on	   the	   assessment.	   	   Any	  
student	  who	  does	  not	  achieve	  an	  80%	  (indicating	  mastery)	  on	  the	  first	  try	  has	  three	  
other	   chances	   to	  pass	   the	   assessment	  during	   the	   first	   part	   of	   the	   semester.	   	  Math	  
reviews	  are	  offered	  every	  other	  week	  in	  between	  assessment	  opportunities.	   	  Given	  
that	   it	   is	   10%	   of	   their	   course	   grade,	   students	   take	   passing	   the	   assessment	   quite	  
seriously.	   Given	   the	   importance	   of	   remedial	   mathematics	   for	   learning	   economics	  
(Lagerlöf	   and	   Seltzer	   2009),	   students	  who	   do	   not	   pass	   the	   assessment	   even	   after	  
four	   attempts	   are	   strongly	   encouraged	   to	   take	   the	   class	   only	   after	   they	   have	  
mastered	   the	  math	  prerequisite.	   	   In	   this	  manner,	   faculty	  can	  maintain	   the	  rigor	  of	  
the	  class	  while	  ensuring	  that	  students	  are	  not	  falling	  behind.	  	  	  
	  
Allwine	  and	  Foster	   (2013)	   looked	  at	  primary	  data	   collected	  on	  1361	  Principles	  of	  
Economics	  students	  to	  understand	  whether	  Algebra	  I	  assessment	  scores	  (from	  the	  
first	   attempt)	   predict	   course	   performance.	   	   Similar	   to	   prior	   research	   in	   this	   area	  
(Ballard	  and	  Johnson	  2004,	  Cohn	  et	  al	  2001,	  Pozo	  and	  Stull	  2006),	  results	   indicate	  
that	  assessment	  scores	  do	  predict	  course	  performance,	  and	  that	  students	  are	  more	  
motivated	  to	  learn	  the	  math	  (and	  therefore	  perform	  better	  in	  the	  course)	  when	  the	  
assessment	  score	  is	  a	  significant	  part	  of	  their	  course	  grade.	  	  Interestingly,	  however,	  
despite	   the	   fact	   that	   the	  SAT	  Math	  and	  Algebra	   I	  Assessment	   covered	  some	  of	   the	  
same	  material,	  Allwine	  and	  Foster	  (2013)	  found	  that	  students’	  SAT	  Math	  scores	  had	  
little	   explanatory	   power	   with	   respect	   to	   students’	   performance	   in	   Principles	   of	  
Economics.	   	  The	  paper	  suggested	  some	  reasons	  for	  the	  difference.	   	  It	  could	  be	  that	  
the	   SAT	  Math	   test	   has	   broader	   coverage	   than	   the	   Algebra	   I	   Assessment	   that	   only	  
covers	   math	   concepts	   specifically	   related	   to	   the	   Principles	   of	   Economics	   course;	  
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questions	  on	  the	  two	  tests	  may	  be	  worded	  very	  differently;	  the	  SAT	  Math	  test	  allows	  
calculator	   use	  while	   the	   assessment	   does	   not;	   and	   test	   format	   is	  mostly	  multiple	  
choice	  on	  the	  SAT	  while	  it	  is	  open-‐ended	  on	  the	  assessment.	  
	  
Given	  the	   importance	  of	  SAT	  Math	  scores	   in	  admissions	  decisions,	   this	  paper	  tests	  
the	   hypothesis	   that	   calculator	   use	   and	   a	   multiple	   choice	   test	   format	   mask	  
weaknesses	   in	   students’	  math	   ability	   that	   affect	   their	   performance	   in	   a	   Principles	  
class.	  	  Primary	  experimental	  data	  was	  collected	  in	  the	  Fall	  of	  2013	  on	  1400	  students	  
registered	   for	  Principles	  of	  Economics	   for	  which	   the	  prerequisite	   is	  Algebra	   I.	   	  All	  
students	  first	  took	  a	  simple	  20	  question	  open-‐ended	  Algebra	  I	  Assessment	  without	  
the	  use	  of	  a	  calculator.	  	  Assessment	  questions	  were	  identical	  to	  those	  on	  recent	  SAT	  
Math	   tests.	   	   Students	  were	   then	  divided	   into	   experimental	   and	   control	   groups	   for	  
two	   treatments	   –	   test	   format	   (open-‐ended	   or	  multiple-‐choice)	   and	   calculator	   (no	  
calculator,	  basic	   calculator,	   graphing	  calculator3	  or	  own	  calculator)	  –	  and	  asked	   to	  
complete	   another	   math	   assessment	   which	   contained	   half	   the	   questions	   from	   the	  
previous	  assessment.	  
	  
Section	   2	   describes	   previous	   research	   in	   this	   area.	   	   In	   Section	   3	   we	   present	   our	  
overall	   assessment	   results.	   	   In	   section	   4	   we	   analyze	   the	   explanatory	   power	   of	  
students’	   SAT	   Math	   scores	   in	   predicting	   their	   performance	   on	   the	   Algebra	   I	  
assessment.	   	   In	   section	  5	  we	  use	   students’	   scores	  on	   the	  SAT	  Math	   test	  as	  well	   as	  
their	  performance	  on	  the	  Algebra	  I	  assessment	  to	  predict	  performance	  on	  the	  final	  
exam	  in	  the	  Principles	  class.	  	  In	  Section	  6	  we	  present	  our	  conclusions.	  
	  
	  
2.	  Literature	  Review	  
	  
Why	   don’t	   SAT	   Math	   scores	   have	   the	   same	   predictive	   power	   as	   scores	   on	   the	  
Algebra	   I	  Assessment?	   	  This	  paper	   tests	   the	  hypothesis	   that	   it	   is	  due	   to	   calculator	  
use	  and	  multiple-‐choice	  format	  on	  the	  SAT	  Math	  test.	  
	  
Calculator	  Use	  
Prior	  research	  suggest	  that	  the	  use	  of	  a	  calculator	  on	  the	  SAT	  may	  be	  allowing	  
students	  to	  answer	  questions	  they	  otherwise	  would	  not	  be	  able	  to	  think	  through	  and	  
solve.	  	  Across	  all	  precollege	  grade	  and	  ability	  levels,	  students	  using	  calculators	  
possess	  better	  attitude	  toward	  mathematics	  and	  a	  better	  self-‐concept	  in	  
mathematics	  than	  students	  not	  using	  calculators,	  although	  sustained	  calculator	  use	  
seems	  to	  hinder	  development	  of	  basic	  problem-‐solving	  skills	  in	  average	  students	  
(Hembree	  and	  Dessart	  1986).	  	  Bridgeman,	  Harvey	  and	  Braswell	  (1995)	  note	  that	  
students	  note	  that	  students	  benefit	  from	  using	  calculators	  but	  fail	  to	  understand	  
underlying	  concepts.	  	  Their	  speed	  was	  not	  significantly	  affected	  by	  whether	  or	  not	  
they	  used	  calculators.	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  TI-‐83	  graphing	  calculator.	  
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Roberts	  (1980)	   indicated	  that	  calculator	  use	  allows	  for	  computational	  benefits	  but	  
not	  conceptual	  benefits.	  	  Ellington	  (2003)	  showed	  that	  the	  computational	  benefits	  of	  
calculators	  may	  not	  necessarily	  allow	  students	  to	  retain	  and	  transfer	  math	  skills	  to	  
other	  subjects.	  	  Would	  students	  perform	  better	  on	  math	  tests	  if	  allowed	  to	  use	  their	  
own	  calculator?	   	  Prior	   research	   shows	   there	   are	  no	  performance	  advantages	  with	  
students	   using	   their	   own	   calculators	   (Hanson	   et	   al	   2001,	   Bridgeman	   and	   Potenza	  
1998)	  	  
	  
Test	  Format	  
	  
Work	  done	  by	  Erickan	  el	  al	  (1998)	  shows	  that	  constructed-‐response	  or	  open-‐ended	  
questions	   give	   a	   better	   indication	   of	   a	   low	   ability	   and	   high	   ability	   than	  multiple-‐
choice	  questions.	  	  Becker	  and	  Johnston	  (1999)	  argue	  that	  multiple-‐choice	  and	  open-‐
ended	  questions	  evaluate	  different	  dimensions	  of	  knowledge	  and	  so	  both	  could	  be	  
used	  for	  testing	  in	  economics.	  	  	  
	  
Although	  using	  a	  programming	  model	  instead	  of	  a	  purely	  mathematical	  test,	  Simkin	  
and	  Kuechler	  (2005)	  show	  that	  it	  is	  more	  difficult	  to	  compose	  multiple-‐choice	  (MC)	  
items	  to	  reach	  the	  highest	  knowledge	  levels	  achieved	  by	  open-‐ended	  or	  constructed-‐
response	  (CR)	  questions.	  This	  could	  therefore	  show	  that	  MC	  questions	  are	  easier	  
and	  do	  not	  fully	  test	  a	  student’s	  knowledge	  compared	  to	  CR	  questions.	  	  Later	  work	  
(Kuechler	  and	  Simkin	  2010)	  shows	  weak	  correlation	  between	  MC	  and	  CR	  portions	  
of	  entry	  level	  programming	  tests.	  The	  multiple-‐choice	  format	  of	  the	  SAT	  Math	  test	  
allows	  students	  to	  answer	  questions	  correctly	  without	  fully	  understanding	  what	  
they	  are	  doing	  (Becker	  and	  Johnston	  1999;	  Rebeck	  and	  Asaarta	  2012).	  
	  
	  
3.	  The	  Algebra	  I	  Assessment	  
	  
The	   layout	  of	   the	  Algebra	   I	  Assessment	  was	  as	   follows:	  20	  questions	  were	  chosen	  
from	   recent	   SAT	   Math	   tests	   that	   had	   a	   direct	   relationship	   to	   mathematical	  
understanding	   in	   economics.	   	   Each	   question	   as	   well	   as	   a	   summary	   of	   how	   the	  
question	  relates	  to	  economics	  is	  listed	  in	  Table	  1.	  	  Questions	  were	  chosen	  that	  were	  
simple	  and	  could	  be	  computed	  easily	  without	  the	  use	  of	  a	  calculator.	  	  	  The	  questions	  
chosen	   covered	   the	   same	   topics	   as	   the	   SAT	   Math	   test	   in	   the	   same	   proportions:	  
Numerics	   and	   Operations	   (20-‐25%),	   Algebra	   and	   Functions	   (35-‐40%),	   Geometry	  
and	  Measurement	  (25-‐30%),	  and	  Data	  Analysis	  (10-‐15%).	  	  A	  copy	  of	  the	  assessment	  
is	  attached.	  
	  
A	  total	  of	  1,354	  students	  took	  the	  Algebra	  I	  Assessment	  in	  the	  Fall	  of	  2013.	  	  Of	  these	  
students	   the	   average	   total	   score	   was	   13.5/20	   implying	   that	   on	   average	   students	  
answered	  68%	  of	  the	  20	  questions	  asked	  correctly.	  	  	  To	  pass	  students	  were	  required	  
to	  correctly	  answer	  80%	  of	  the	  questions	  correctly,	  implying	  that	  a	  16/20	  or	  above	  
was	   a	   passing	   score.	   	   This	   led	   to	   a	   failure	   rate	   of	   65%	  on	   the	   first	   attempt	   at	   the	  
assessment.	  	  
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4.	  Experiment	  
	  
As	   soon	   as	   all	   students	  were	   given	   the	   Algebra	   I	   Assessment	   for	   the	   course,	   902	  
students4	  from	  2	  professors	  of	  Principles	  of	  Microeconomics	  courses	  were	  given	  an	  
Algebra	   I	   Questionnaire	   containing	   a	   sample	   of	   10	   questions	   from	   the	   Algebra	   I	  
Assessment.5	  	   	   This	   sample	   of	   students	   included	   13	   teaching	   assistants	   and	   39	  
discussion	   sections,	   where	   each	   teaching	   assistant	   has	   3	   discussion	   sections	  with	  
approximately	  25	  students	  in	  each.	   	  Of	  these	  902	  students,	  7%	  did	  not	  consent	  for	  
their	  information	  to	  be	  used	  in	  the	  experiment,	  leaving	  us	  with	  831	  students	  in	  our	  
sample.	   Table	   2	   demonstrates	   that	   there	   is	   no	   statistically	   significant	   difference	  
between	   the	  percentage	  of	   students	   that	  did	  not	  consent	   in	   treatment	  and	  control	  
groups.	  
	  
Figure	  1	   is	   a	   representation	  of	   the	  experimental	  design	  used.	   	  Teaching	  assistants	  
were	   randomly	   assigned	   to	   a	   calculator	   treatment	   or	   control	   conditional	   on	  
students’	  average	  SAT	  Math	  score.6	  	  Randomization	  was	  conditional	  on	  the	  teaching	  
assistant’s	   students’	  average	  SAT	  Math	  score	   to	  ensure	   that	   treatment	  and	  control	  
groups	   had	   similar	  math	   skill	   levels.	   Of	   the	   39	   discussion	   sections,	   12	   discussion	  
sections	   (including	   4	   teaching	   assistants	  with	   256	   students)	  were	   assigned	   to	   the	  
control	   group	  which	  did	  not	  have	   the	  use	  of	   a	   calculator,	   9	  discussion	   sections	   (3	  
teaching	   assistants)	   each	  were	   assigned	   calculator	   treatment	   in	   the	   form	  of	   being	  
given	  a	  basic	  calculator	  at	  the	  beginning	  of	  the	  Algebra	  I	  Questionnaire,	  being	  given	  
a	  TI-‐83	  graphing	  calculator,	  or	  being	  allowed	  to	  use	  their	  own	  calculator.	  	  	  
	  
The	   basic	   calculators	   used	   for	   the	   assessment	   had	   only	   addition,	   subtraction,	  
multiplication,	  and	  division	  functions.	   	  Exponential	  and	  square	  root	  functions	  were	  
not	   available.	   	   Students	   in	   the	   treatment	   where	   they	   were	   using	   their	   own	  
calculators	  were	  asked	  to	  report	  if	  the	  calculator	  was	  a	  basic	  calculator	  or	  graphing	  
calculator.	   	   According	   to	   student	   self-‐reports,	   40%	   of	   students	   used	   a	   basic	  
calculator,	  56%	  used	  a	  graphing	  calculator,	  and	  4%	  used	  no	  calculator.	  	  Although	  all	  
students	  were	  advised	  to	  bring	  a	  calculator	  to	  the	  assessment,	  it	  is	  likely	  that	  many	  
forgot.	  	  It	  is	  for	  this	  reason	  that	  the	  results	  that	  are	  likely	  to	  be	  the	  most	  comparable	  
from	   the	   Questionnaire	   to	   the	   SAT	   Math	   are	   those	   where	   students	   were	   given	   a	  
graphing	  calculator	  as	  it	  is	  engrained	  in	  students	  that	  they	  should	  bring	  a	  graphing	  
calculator	  to	  the	  SAT	  Math.	  	  It	  is	  also	  likely	  the	  most	  comparable	  because	  no	  checks	  
were	   done	   for	   possible	   functions	   in	   students	   graphing	   calculators	   whereas	   the	  
graphing	   calculators	   given	   to	   students	   had	   no	   functions	   downloaded	   onto	   them.	  	  
The	  SAT	  Math	  checks	  all	  students’	  calculators	  for	  downloaded	  functions.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  Of	  the	  1144	  students	  enrolled	  in	  the	  large	  principles	  of	  microeconomics	  courses	  242	  were	  
dropped	  from	  the	  sample.	  
5	  The	  sample	  of	  questions	  maintained	  the	  same	  proportions	  as	  the	  Algebra	  I	  Assessment	  
and	  SAT	  Math.	  	  	  
6	  Randomization	  was	  first	  done	  at	  the	  teaching	  assistant	  level	  to	  ensure	  that	  treatment	  was	  
followed	  as	  it	  would	  have	  caused	  students	  unneeded	  stress	  and	  would	  have	  been	  difficult	  to	  
enforce	  if	  randomization	  was	  done	  by	  the	  discussion	  section	  or	  student.	  
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To	   further	   test	   any	   interactions	   between	   calculator	   use	   and	   test	   format,	   we	  
randomize	  each	  of	  the	  discussion	  sections	  (again	  conditional	  on	  students’	  SAT	  Math	  
scores)	  such	  that	  half	  of	  students	  were	  given	  an	  open	  ended	  test	  framework	  and	  the	  
other	  half	  of	  students	  were	  given	  a	  multiple	  choice	   framework.	   	  This	  was	  done	  by	  
giving	  students	  an	  envelope	  with	  the	  assigned	  questionnaire	  inside.	  
	  
The	   validity	   of	   the	   experimental	   design	   can	   be	   seen	   in	   Table	   3	   below,	   where	  
statistically	  significant	  differences	  are	  tested	  between	  treatment	  and	  control	  groups.	  	  
The	  only	  treatment	  group	  where	  students	  had	  a	  significantly	  lower	  SAT	  Math	  score	  
in	  comparison	  to	  the	  control	  group	  was	  for	  those	  that	  received	  multiple	  choice	  and	  a	  
graphing	  calculator	  (significant	  at	  the	  10%	  level).	  
	  
	  
5.	  	  Assessment	  Results	  for	  831	  students	  that	  participated	  in	  the	  experiment	  
	  
Assessment	  results	  for	  the	  831	  students	  that	  participated	  in	  the	  experiment	  can	  be	  
found	   in	   Table	   4.	   	   Of	   the	   831	   students	   that	   participated	   in	   the	   experiment	   their	  
average	   total	   score	   on	   the	   Algebra	   I	   Assessment	   was	   13.4/20	   implying	   that	   on	  
average	  students	  answered	  66%	  of	   the	  20	  questions	  asked	  correctly.	  This	   led	   to	  a	  
failure	  rate	  of	  66%	  on	  the	  first	  attempt	  at	  the	  assessment.	  	  
	  
Table	  4	  shows	  the	  average	  total	  score	  on	  the	  assessment	  for	  these	  students	  if	  only	  
the	  10	  questions	  used	  in	  the	  Questionnaire	  had	  been	  used	  instead	  of	  the	  full	  set	  of	  
20	   questions.	   	   The	   average	   total	   score	   if	   only	   these	   10	   questions	   had	   been	   used	  
would	  have	  been	  7.7/10	  implying	  that	  on	  average	  students	  answered	  77%	  of	  these	  
10	  questions	  correctly	  on	  the	  assessment.	  	  This	  would	  have	  resulted	  in	  a	  failure	  rate	  
of	  61.5%.	   	  The	  reason	  for	  the	  difference	  in	  average	  score	  and	  failure	  rate	  between	  
those	  questions	   chosen	   for	   the	  questionnaire	   and	   those	  used	   in	   the	   assessment	   is	  
that	   only	   22%	   of	   student	   correctly	   answered	   question	   9	   on	   the	   assessment	   (not	  
used	  on	  the	  questionnaire).	  
	  
Table	  4	   also	   gives	   the	  percentage	  of	   students	   that	   correctly	   answered	   each	  of	   the	  
questions	  on	  the	  assessment	  as	  well	  as	  the	  corresponding	  question	  number	  on	  the	  
questionnaire.	   	   Questions	   2	   and	   4	   from	   the	   assessment	   were	   used	   on	   the	  
questionnaire	   and	   covered	   Numerics	   and	   Operations.	   	   On	   question	   2	   of	   the	  
assessment,	  89.6%	  of	  students	  answered	  the	  question	  correctly	  and	  on	  question	  4	  of	  
the	  assessment,	  96.8%	  of	  students	  answered	  the	  question	  correctly.	  	  Questions	  7,	  8,	  
10,	   and	   12	   from	   the	   assessment	   were	   used	   on	   the	   questionnaire	   and	   covered	  
Algebra	  and	  Functions.	  	  46.9%	  of	  students	  correctly	  answered	  question	  7,	  45.1%	  of	  
students	   correctly	   answered	   question	   8,	   71.4%	   of	   students	   correctly	   answered	  
question	  10,	  and	  62.5%	  of	  students	  correctly	  answered	  question	  12.	  	  Questions	  13,	  
14,	   and	   17	   from	   the	   assessment	   were	   used	   on	   the	   questionnaire	   and	   covered	  
Geometry	   and	  Measurement.	   	   55.8%	   of	   students	   correctly	   answered	   question	   13,	  
80.9%	  of	  students	  correctly	  answered	  question	  14,	  and	  58.5%	  of	  students	  correctly	  
answered	   question	   17.	   	   Question	   19	   from	   the	   assessment	   was	   used	   on	   the	  
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questionnaire	   and	   covered	   Data	   Analysis.	   	   63.3%	   of	   students	   correctly	   answered	  
question	  19.	  
	  
	  
6.	  Model	  
	  
Impact	  of	  Calculator	  Use	  in	  Open-Ended	  Test	  Framework	  and	  Impact	  of	  
Multiple	  Choice	  
To	   analyze	   the	   impact	   of	   each	   type	   of	   calculator	   (basic,	   graphing,	   and	   own	  
calculator)	   in	   the	   open	   ended	   framework	   as	  well	   as	   the	   impact	   of	   using	  multiple	  
choice	   instead	   of	   open	   ended	   framework,	   we	   use	   a	   difference	   in	   difference	  
framework	  as	  follows:	  

𝑦𝑖𝑄−𝑦𝑖𝐴=𝛼+𝑗=14𝛿𝑗𝑇𝑗+𝜀𝑖	  (1)	  
	  
where	  i	  refers	  to	  student	  i,	  j	  refers	  to	  treatment	  group	  j	  (1	  through	  4	  listed	  below),	  
yiQ	   is	   the	   score	   of	   student	   i	   on	   the	   questionnaire	   (total	   and	   for	   each	   question	  
separately),	  yiA	  is	  the	  score	  of	  student	  i	  on	  the	  assessment	  (total	  out	  of	  10	  points	  and	  
for	   each	   question	   separately),	   T1=1	   if	   the	   student	   received	   multiple	   choice	   test	  
framework,	   T2=1	   if	   the	   student	   received	   a	   basic	   calculator,	   T3=1	   if	   the	   student	  
received	  a	  graphing	  calculator,	  and	  T4=1	  if	   the	  student	  was	  allowed	  to	  use	  his/her	  
own	   calculator	  where	   the	   control	   group	   is	   students	   that	   received	   the	   open	   ended	  
test	  framework	  without	  the	  use	  of	  a	  calculator.	  
	  
	  
Impact	  of	  Calculator	  Use	  in	  Multiple	  Choice	  Framework	  
This	   analysis	   will	   allow	   us	   to	   see	   if	   there	   is	   any	   interactive	   impact	   of	   using	   a	  
calculator	  with	  multiple	  choice.	   	  For	   instance,	   it	  may	  be	  the	  case	  that	  students	  can	  
figure	  out	  an	  answer	  more	  easily	  if	  they	  have	  a	  calculator	  along	  with	  multiple	  choice	  
whereas	  having	  a	  calculator	  in	  and	  of	  itself	  may	  not	  be	  helpful.	  	  	  
	  
To	  analyze	  this	  interaction	  effect	  again	  we	  use	  a	  difference	  in	  difference	  framework	  
as	  follows:	  

𝑦𝑖𝑄−𝑦𝑖𝐴=𝛼+𝑗=24𝛿𝑗𝑇𝑗+𝜀𝑖	  (2)	  
	  
Where	  i	  refers	  to	  student	  i,	  j	  refers	  to	  treatment	  group	  j	  (2	  through	  4	  listed	  below),	  
yiQ	  is	  the	  score	  of	  student	  i	  on	  the	  questionnaire	  (total	  and	  for	  each	  question	  
separately),	  yiA	  is	  the	  score	  of	  student	  i	  on	  the	  assessment	  (total	  out	  of	  10	  points	  and	  
for	  each	  question	  separately),	  T2=1	  if	  the	  student	  received	  a	  basic	  calculator,	  T3=1	  if	  
the	  student	  received	  a	  graphing	  calculator,	  and	  T4=1	  if	  the	  student	  was	  allowed	  to	  
use	  his/her	  own	  calculator.	  
	  
	  
	  
	  
	  



	  

8	  

7.	  Results	  
	  
Results	   for	   the	   impact	   of	   calculator	   use	   and	  multiple	   choice	   format	   as	  well	   as	   the	  
interaction	  between	  the	  two	  on	  students	  average	  total	  scores	  can	  be	  seen	  in	  Table	  5	  
below.	   	  We	   find	   that	   allowing	   a	   student	   to	   use	   a	   calculator	   in	   an	   open-‐ended	   test	  
framework	   improves	   a	   student’s	   score	   by	   0.5-‐0.6	   of	   a	   point	   (or	   5-‐6	   percentage	  
points)	   significant	   at	   the	   1%	   level.	   	   We	   also	   find	   that	   introducing	   multiple-‐choice	  
improves	   a	   students	   score	   by	   0.9	   of	   a	   point	   (or	   9	   percentage	   points).	   	   There	   is	   a	  
statistically	  significant	  increase	  in	  a	  student’s	  test	  score	  by	  an	  additional	  0.5	  points	  
when	   introducing	   a	   graphing	   calculator	   in	   additional	   to	   the	   multiple	   choice	  
framework	   (implying	   students	   that	   received	   multiple	   choice	   and	   a	   graphing	  
calculator	  score	  1.4	  points	  higher	  i.e.	  increasing	  their	  score	  by	  14	  percentage	  points	  
in	  comparison	  to	  those	  that	  received	  the	  open-‐ended	  framework	  without	  the	  use	  of	  
a	  calculator).	  	  There	  is	  no	  statistically	  significant	  effect	  from	  introducing	  other	  forms	  
of	   calculator. 7 	  	   The	   control	   group	   improved	   their	   score	   by	   0.2	   points	   (or	   2	  
percentage	   points)	   implying	   that	   simply	   seeing	   the	   questions	   for	   the	   second	   time	  
jogged	  students’	  memories	  and	  yielded	  an	  improvement	  on	  their	  overall	  score.	  
	  
Results	   for	   the	   impact	   of	   calculator	   use	   and	  multiple	   choice	   format	   as	  well	   as	   the	  
interaction	   between	   the	   two	   on	   the	   percentage	   of	   students	   that	   answered	   each	  
question	  correctly	  can	  be	  seen	  in	  Table	  6	  Part	  I	  and	  Part	  II	  below.	  	  The	  most	  notable	  
and	   interesting	   results	   are	   discussed	   here.	   	   Of	   the	   Numerics	   and	   Operations	  
questions	   used	   in	   the	   questionnaire,	   question	   1	   asked	   students	   to	   calculate	  
percentage	  change.	  	  Results	  from	  Table	  6	  Part	  I	  demonstrate	  that	  giving	  students	  a	  
basic	   calculator	   improves	   the	  percentage	  of	   students	   that	   answer	   correctly	  by	  6.6	  
percentage	   points	   with	   no	   statistically	   significant	   effect	   from	   any	   other	   type	   of	  
calculator.	   	   Giving	   students	   multiple-‐choice	   improves	   the	   percentage	   of	   students	  
that	   answer	   correctly	   by	   8.5	   percentage	   points.	   	   Originally,	   90%	   of	   students	  
correctly	   answered	   this	   question,	   therefore	   giving	   students	   multiple	   choice	  
increases	  this	  to	  98.5%.	  	  There	  is	  not	  statistically	  significant	  interactive	  impact	  from	  
giving	  students	  a	  calculator	  along	  with	  the	  multiple-‐choice.	  
	  
Of	  the	  Algebra	  and	  Functions	  questions	  used	  in	  the	  questionnaire,	  questions	  3	  and	  5	  
are	  both	  algebraic	  word	  problems	  that	  require	  students	  to	  set	  up	  two	  equations	  and	  
solve	   for	   two	   unknowns.	   	  We	   find	   that	   in	   question	   3,	   giving	   students	   a	   calculator	  
improves	   the	   percentage	   of	   students	   that	   answer	   correctly	   by	   12-‐23	   percentage	  
points.	  	  	  Originally,	  only	  47%	  of	  students	  correctly	  answered	  this	  question,	  therefore	  
giving	   students	   a	   calculator	   increases	   this	   to	   59-‐70%.	   	   Giving	   students	   multiple	  
choice	  improve	  the	  percentage	  of	  students	  that	  answer	  correctly	  by	  21	  percentage	  
points,	  therefore	  increasing	  the	  percentage	  that	  correctly	  answer	  the	  problem	  from	  
47%	   to	   68%.	   	   The	   impact	   from	   a	   calculator	   and	   multiple-‐choice	   are	   similar.	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	  Remember	  that	  only	  half	  of	  students	  brought	  their	  own	  graphing	  calculator	  implying	  that	  
results	  where	  students	  use	  MC	  and	  are	  given	  a	  graphing	  calculator	  are	  likely	  the	  most	  
comparable	  to	  the	  SAT	  Math	  as	  almost	  all	  students	  bring	  graphing	  calculators	  to	  the	  SAT	  
Math.	  
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Analyzing	   the	   interaction	  between	   test	   framework	   and	   calculator	  use	   one	   can	   see	  
that	  adding	  a	  graphing	  calculator	  to	  the	  multiple-‐choice	  improves	  the	  percentage	  of	  
students	  that	  correctly	  answer	  the	  problem	  by	  an	  additional	  18	  percentage	  points,	  
thereby	   increasing	   the	   percentage	   of	   students	   that	   correctly	   answer	   the	   question	  
from	  68%	  to	  86%.	  	  There	  is	  no	  significant	  effect	  from	  any	  other	  type	  of	  calculator.	  
	  
For	   question	   5,	   giving	   students	   a	   calculator	   improves	   the	   percentage	   of	   students	  
that	   answer	   correctly	   by	   7-‐10	   percentage	   points.	   	   	   Originally,	   71%	   of	   students	  
correctly	   answered	   this	   question,	   therefore	   giving	   students	   a	   calculator	   increases	  
this	   to	   78-‐81%.	   	   Giving	   students	   multiple	   choice	   improves	   the	   percentage	   of	  
students	   that	   answer	   correctly	   by	   8	   percentage	   points,	   therefore	   increasing	   the	  
percentage	  that	  correctly	  answer	  the	  problem	  from	  71%	  to	  79%.	  	  Again	  the	  impact	  
of	   giving	   students	   a	   calculator	   versus	   multiple-‐choice	   are	   close.	   	   Analyzing	   the	  
interaction	   between	   test	   framework	   and	   calculator	   use	   one	   can	   see	   that	   adding	   a	  
graphing	  calculator	  to	  the	  multiple-‐choice	  improves	  the	  percentage	  of	  students	  that	  
correctly	   answer	   the	   problem	   by	   an	   additional	   8	   percentage	   points,	   thereby	  
increasing	  the	  percentage	  of	  students	  that	  correctly	  answer	  the	  question	  from	  79%	  
to	   87%.	   	   There	   is	   no	   significant	   effect	   from	   any	   other	   type	   of	   calculator.	   	   For	  
question	   5,	   by	   simply	   giving	   students	   the	   exam	   again	   there	   is	   an	   increase	   in	   the	  
percentage	  of	  students	  that	  correctly	  answer	  the	  question	  by	  4.5	  percentage	  points.	  
	  
That	  question	  3	  is	  more	  difficult	  for	  students	  to	  answer	  without	  the	  use	  of	  multiple	  
choice	  and	  a	  graphing	  calculator	  is	  an	  interesting	  phenomenon.	  	  We	  do	  not	  believe	  
this	  is	  due	  to	  the	  difficulty	  of	  the	  computation,	  because	  the	  effect	  would	  have	  been	  
significant	   and	  positive	   for	   all	   calculator	   treatment	   groups.	   	   It	   is	   likely	   due	   to	   the	  
wording	  of	  the	  problems.	   	  It	  may	  be	  easier	  for	  students	  to	  relate	  to	  question	  5	  and	  
therefore	  be	  able	  to	  solve	  it	  intuitively	  using	  their	  mathematical	  reasoning.	  
	  
Of	   the	  Algebra	  and	  Functions	  questions	  used	   in	  the	  questionnaire,	  question	  6	  asks	  
students	  to	  calculate	  the	  minimum	  value	  of	  a	  function.	  	  Results	  from	  Table	  6	  Part	  II	  
show	  that	  giving	  students	  a	  calculator	  on	  this	  question	  improves	  the	  percentage	  of	  
students	  that	  correctly	  answer	  the	  problem	  by	  5-‐16	  percentage	  points.	   	  Originally,	  
63%	   of	   students	   correctly	   answered	   this	   question,	   therefore	   giving	   students	   a	  
calculator	   increases	  this	   to	  68-‐79%.	   	  Giving	  students	  multiple	  choice	   improves	  the	  
percentage	  of	  students	  that	  answer	  correctly	  by	  10	  percentage	  points,	  implying	  that	  
the	  percentage	  of	  students	  that	  answer	  correctly	  would	  increase	  from	  63%	  to	  73%.	  	  
There	   was	   no	   significant	   impact	   from	   adding	   a	   calculator	   to	   the	   multiple	   choice	  
framework.	   	  Again	   there	   is	   little	  difference	   in	   the	   impact	   from	  having	  a	   calculator	  
versus	  having	  multiple	  choice.	  
	  
Of	  the	  Geometry	  and	  Measurement	  questions	  asked	  on	  the	  questionnaire,	  there	  was	  
no	   statistically	   significant	   impact	   from	   giving	   students	   multiple	   choice	   or	   a	  
calculator	   for	   question	   7	   where	   students	   are	   required	   to	   calculate	   the	   area	   of	   a	  
pentagon.	  	  Considering	  that	  only	  56%	  of	  students	  correctly	  answered	  this	  question	  
this	  is	  an	  interesting	  result.	  	  For	  question	  8,	  where	  students	  are	  asked	  for	  the	  slope	  
of	   the	   line	   drawn,	   giving	   students	   the	   use	   of	   their	   own	   calculator	   improves	   the	  
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percentage	   of	   students	   that	   answer	   correctly	   by	   8	   percentage	   points,	   with	   no	  
significant	  effect	  from	  any	  other	  calculators.	  	  This	  result	  could	  be	  due	  to	  the	  fact	  that	  
students	  are	   familiar	  with	   the	  graphing	  properties	  of	   their	  own	  calculator.	   	  Giving	  
students	  multiple	  choice	   test	   framework	   improves	   the	  percentage	  that	  answer	  the	  
question	  correctly	  by	  9	  percentage	  points.	  	  Given	  that	  originally	  81%	  answered	  the	  
question	   correctly,	   this	   increases	   the	   percentage	   that	   answer	   correctly	   to	   90%.	  	  
There	   is	  no	  statistically	  significant	   interactive	   impact	   from	  calculator	  and	  multiple	  
choice	  framework.	  	  
	  
Lastly,	   in	   question	   10,	   which	   covers	   the	   data	   analysis	   topic,	   we	   find	   that	   giving	  
students	   multiple	   choice	   framework	   increased	   the	   percentage	   of	   students	   that	  
answered	  correctly	  from	  63%	  to	  81%	  (an	  increase	  of	  18	  percentage	  points).	  	  There	  
was	   no	   statistically	   significant	   impact	   from	  having	   a	   calculator	   and	   no	   interactive	  
impact	  from	  having	  a	  calculator	  and	  multiple	  choice.	  By	  simply	  giving	  the	  students	  
the	   exam	   again,	   there	   is	   an	   increase	   in	   the	   percentage	   of	   students	   that	   correctly	  
answer	  the	  question	  by	  9	  percentage	  points.	  	  	  
	  
This	   final	   question	   brings	   into	   question	   a	   serious	   qualm	   that	   people	   have	   with	  
multiple	   choice.	   	   In	   this	   question,	  much	   of	   the	   problem	   students	   had	   in	   the	   open	  
ended	  framework	  was	  reading	  the	  question	  thoroughly.	  	  When	  originally	  answering	  
the	  question	  on	  the	  assessment,	  many	  students	  simply	  put	  down	  the	  percentage	  of	  
people	   below	   the	   age	   of	   40	   instead	   of	   the	   number.	   	   However,	   of	   the	   4	   possible	  
choices,	  50	  was	  not	  given	  as	  a	   choice.	   	  For	   students	   that	   received	  multiple	   choice,	  
once	   they	   realized	   their	   answer	   was	   not	   there,	   they	   re-‐read	   the	   question.	   	   In	  
economics,	  if	  you	  interpret	  a	  percentage	  as	  a	  value	  (for	  instance	  maybe	  an	  elasticity	  
as	   a	   quantity	   or	   price)	   the	   question	   is	   completely	   incorrect.	   	   In	   economics	  
interpretation	   is	   key	   and	   giving	   students	   multiple	   choice	   does	   not	   allow	   for	   the	  
testing	  of	  this	  interpretation.	  
	  
	  
8.	  Conclusion	  
	  
To	  conclude,	  we	  have	  verified	  our	  hypothesis	  that	  test	  format	  and	  calculator	  use	  are	  
key	   contributors	   as	   to	   why	   the	   Algebra	   I	   Assessment	   is	   a	   better	   predictor	   of	  
students	  performance	   in	  principles	  of	  economics	   than	   the	  SAT	  Math.	   	  This	   implies	  
that	   if	   one	   is	   to	   implement	   a	   similar	   assessment	   to	   assess	   students’	   readiness	   for	  
economics,	  he/she	  should	  not	  use	  a	  multiple	  choice	  or	  open-‐ended	  format.	  	  	  
	  
We	  find	  that	  calculator	  and	  test	   format	  have	  an	   impact	  on	  students	  overall	  scores,	  
with	  an	  interactive	  impact	  from	  adding	  a	  graphing	  calculator	  to	  the	  multiple-‐choice	  
framework.	  	  As	  mentioned	  before	  this	  is	  likely	  the	  closest	  comparison	  group	  to	  the	  
SAT	  Math	  test	  takers.	  
	  
We	   find	   that	   the	   impact	  of	   calculator	  use	  and	   test	   format	  varies	  depending	  on	   the	  
type	  of	  question	  asked.	  	  For	  instance,	  in	  questions	  relating	  to	  Algebra	  and	  Functions	  
where	  a	  word	  problem	  is	  used	  and	  students	  are	  expected	  to	  write	  out	  the	  functional	  
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form	  and	  solve	  for	  the	  two	  unknowns,	  calculator	  use	  and	  multiple	  choice	  alone	  have	  
similar	   impacts,	   while	   adding	   a	   graphing	   calculator	   to	   the	   multiple	   choice	  
framework	  has	  a	   large	  impact	  on	  the	  percentage	  of	  students	  that	  correctly	  answer	  
the	   problem.	   Whereas	   in	   the	   case	   of	   the	   percentage	   change	   problem	   and	   data	  
analysis	   problem,	  multiple	   choice	   had	   the	   largest	   impact,	   likely	   because	   students	  
that	   have	   a	   sense	   of	   numeracy	   can	   analyze	   the	   possible	   answers	   and	   determine	  
which	  answers	  are	  most	  likely	  correct.	  
	  
A	  basic	  math	  assessment	  that	  is	  open-‐ended	  and	  does	  not	  allow	  use	  of	  a	  calculator	  is	  
a	  better	  predictor	  of	  student	  performance	  in	  a	  Principles	  of	  Economics	  course	  than	  
SAT	  Math	  scores.	  	  Administering	  such	  an	  assessment	  will	  allow	  faculty	  to	  determine	  
which	   students	   do	   not	   have	   the	   math	   ability	   to	   remina	   in	   the	   course	   and	   which	  
students	  could	  take	  the	  course	  with	  some	  remedial	  help.	  	  Such	  assessment	  also	  gives	  
students	   the	   correct	   signal	   about	   the	   rigor	   of	   the	   course.	   	   We	   emphasize	   the	  
importance	  of	  making	  the	  assessment	  score	  a	  part	  of	  the	  course	  grade	  in	  order	  for	  
students	  to	  take	  the	  math	  preparation	  seriously.	  
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