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Ques<on&

What&mistake(s)&do&you&think&students&will&make&
the&most&when&solving&this&equa<on?&
&

?(x&+&4)&=&3(8&+&2x)&
&
And&this&one?&
&

4x&+&3&=&5x&?&11&

Ques<on&

What&error&was&made&the&most&when&solving&
this&equa<on?&
&

a&=&19a&+&18&
&
And&this&one?&
&

x/3&=&8&

Purpose&for&Research&
•  Previous&teaching&experience&at&a&high?needs,&low&
income&city&school&district&
–  Taught&AIS&Math&grades&6&–&8&
–  Co?taught&7th&grade&math&(special&educa<on&and&ESL&
students)&

•  Observa<ons&when&teaching&mul<?step&linear&
equa<ons,&students:&
– Were&able&to&recall&rules&to&solve&the&problem&
–  Could&not&recall&basic&math&facts&without&using&strategies&
–  Struggled&to&perform&integer&opera<ons&
–  Could&not&remember&mathema<cal&proper<es&(i.e.&
distribu<ve&property)&

Prior&Research&
Four&categories&of&teaching/learning&(Bright,&1981):&
•  Instrumental&?&students&follow&rules&without&
understanding&them&

•  Rela<onal&?&students&learn&specific&rules&from&
more&general&ones&&

•  Intui<ve&?&students&solve&problems&based&on&prior&
knowledge&

•  Formal&?&students&have&complete&understanding&
of&symbols,&ideas&and&terminology&in&the&problem&
solving&process&

Prior&Research&

Two&groups&of&math&students&(Kieran,&1992):&
•  Arithme<c&thinkers&?&&tend&to&use&trial?and?
error&subs<tu<on&to&solve&equa<ons&because&
the&answer&is&more&intui<ve&to&them&

•  Algebraic&thinkers&–&use&inverses&and&
“undoing”&strategies&to&solve&equa<ons&
because&they&recognize&they&are&trying&to&find&
the&value&of&the&unknown&

Prior&Research&

•  Sign&Confusion&(Herscovics&&&Linchevski,&1994)&
6x&–&7&=&11&
– Students&forget&the&subtrac<on&sign&places&a&
nega<ve&value&on&7&

•  Equa<on&balance&(Bright,&1981)&
– “lei&hand&side”&equals&“right&hand&side”&

•  Misunderstanding&of&“equal”&sign&(Knuth,&
Alibali,&Hajkudur,&McNeil&&&Stephens,&2008)&

Textbook&Teaching&Methods&

•  Direct&instruc<on&
•  Instruc<on&through&manipula<ves&
•  Self?discovery&

Hypothesis&

•  8th&grade&students&will&make&the&most&mistakes&
with&the&distribu<ve&property&and&integer&
opera<ons&when&solving&mul<?step&linear&
equa<ons&

•  College&students&in&a&non?majors&mathema<cs&
course&will&make&the&same&mistakes&as&8th&
graders&

•  There&will&be&no&significant&difference&in&scores&
between&the&two&different&groups&in&this&study&

&
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Demographics&

MATH%110%Students%(77)%
44&Females&
33&Males&
59&Freshmen&
8&Sophomores&
6&Juniors&
4&Seniors&

8th%Grade%Students%(36)%
19&females&
17&males&
2&IEPs&
0&504&plans&
0&ELLs&
&

Design&

•  Instrument&contained&15&mul<?step&linear&
equa<ons&

•  Par<cipants&given&15&minutes&at&beginning&of&
one&class&period&to&complete&the&assessment&

•  Calculators&were&not&permioed&
•  Students&were&also&asked&to&answer&a&three&
ques<on,&free&response&survey&

Data&Collec<on&

•  Administered&113&assessments&
•  Two&versions&of&the&instrument&were&used&–&
same&ques<ons,&different&order&

•  Nine&criteria&evaluated:&&&
–  combining&like&terms&
– moving&terms&
–  distribu<ng&terms&
–  using&nega<ve&numbers&in&opera<ons&
–  using&variables&other&than&x&&
–  using&the&four&basic&opera<ons&(addi<on,&subtrac<on,&
mul<plica<on,&and&division)&

Data&Collec<on&

•  Three&ques<on&survey&
– Favorite&problem&
– Easiest&problem&
– Most&difficult&problem&

•  Comments&

Instrument& Data&Analysis&

•  Data&comparison:&
– variables&measured&
– grade&level&
– gender&

•  Minitab&used&for&analysis&
– Analysis&of&Variance&&
– Tukey&Test&for&Significance&

Results&

•  Mistakes&that&occurred&frequently&
– Opera<ons&using&nega<ve&numbers&&
– Moving&numbers&and&variables&to&the&opposite&side&of&
the&equal&sign&&
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Results&

•  Eighth&grade&students&made&twice&the&number&
of&mistakes&that&MATH&110&students&did&&&&&&&&
(F?value:&116.60,&p?value:&0.00)&

&
8th Grade College

No Mistakes
Mistakes Made

Category

56.9%

43.1%

22.2%

77.8%

Panel variable: Level

Percentage of Mistakes Made by Grade Level

Results&

•  8th&graders&and&MATH&110&students&made&different&
types&of&mistakes&

&
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Results&

•  Males&made&fewer&mistakes&than&females&&&&&
(F?value:&6.60,&p?value:&0.01)&

•  There&was&no&difference&in&the&types&of&
mistakes&made&based&on&gender&

Female Male
No Mistakes
Mistakes Made

Category

35.1%

64.9%

27.4%

72.6%

Panel variable: Gender

Mistakes by Gender

Results& Student&Work&

Student&Work& Results& Student&Work&

Results& Student&Work& Survey&Results&

•  Mixed&results&
•  Would&reportedly&perform&beoer&with&
calculator&
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Implica<ons&for&Teaching&

•  Teachers&need&to&con<nuously&reinforce&
integer&opera<ons&as&a&part&of&instruc<on&

•  Students&need&to&understand&frac<ons&
•  Students&should&use&a&calculator&more&
effec<vely,&and&not&depend&on&it&to&calculate&

Applica<on&of&Results&

•  Spiral&educa<on&
– Basic&facts,&integer&opera<ons&and&frac<ons&
incorporated&into&lessons&and&homework&&

•  Manipula<ves&
– Student&generated&frac<on&<les&
– Bingo&chips&(two&colors)&&

•  Interac<ve&White&Boards&
– Na<onal&Library&of&Virtual&Manipula<ves&

Bingo&Chips&

Example:&&?7&+&3&=&x&
Let&red&=&nega<ve&
Let&blue&=&posi<ve&

How&many&are&lei?&
&

Frac<on&Bars&

What&is&1/4&+&3/8?&&

Balance& Future&Research&

•  Administer&instrument&to&each&grade&level&at&
one&district&&

•  Administer&two&instruments,&and&allow&the&
use&of&a&calculator&for&one&

•  Focus&on&manipula<ves&as&a&part&of&teaching&
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