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Focus Correlational Structure

This project investigates the
dimensional structure of an
elementary level mathematical

The Equivalence Construct Benefits of Multi

Knowledge of equivalence is typically assessed

through 3 main types of tasks (e.g., Alibali, 1999, Behr,

Erlwanger, & Nichols, 1980; Falkner, Levi, & Carpenter, 1999 , McNeil,
2007; Rittle-Johnson & Alibali, 1999)

of Dimensions

Unidimensional: No information

-A mutlidimensional model allows
us to have more detailed

Ability Scores

Each student has an ability Two Dimensional:

: Pre 71 k I d f t f
estimate for each Sub 189 | Uni nowleage or components o
I . . Post .89
equ“,alence COHStrUCt 1. Solving Equations — tap students’ abilities to solve open dimension Pre -0.78 Retention 86 Chlld ren’s understanding
. . . equations In the model. A Post 0.28 ' o _ _
-How Is mathematical equivalence © Brd=__+5 multidimensional Reten 089 | 1p oo Dimensional: - A multidimensional model gives us
k led h best d? 2. Equation Structure Iltems — probe students’ knowledge . . o ]
nowiedge cnange pest measured: . . model provides a bilit t t f h student
of valid equation structures , Sub 189 | Concept | Proced . dn aDIlity estimate Of eachn studen
— more detailed Pre Test Post Test Retention Test
-What are the benefits of a P Sto=ord o Trueorralse Pre  |048 [-071 f h knowled t
e _ 3. Equal Sign Items — probe students’ explicit knowledge of quantification cost o008 Y ST |ES |CE ST |ES |OE ST |ES |OE Oor eacC nowieage componen
multidimensional model? the equal sign. of each students’ ST ST ST
: o Reten 1.03 2.06 Th I t h - b t th
* Whatdoes the equal sign mean* ability. ES |.88 ES |.93 ES |.72 -1 ne reljationsnip petween ine
_ _ « These components of mathematical equivalence sl | s =2 OE OF |.72 |65 OF [ .91 |.82 OF | .86 | .82 knowledge components can be
M ath e mat| Cal E uiva I ence knowledge can be considered as one construct HIE 038 |-044 |-060 . . . . :
.y : Post |019 |-004 |1.20 The correlational structure between dimensions can be examined examined
(unidimensional), as three separate components using multidimensional models. This can help elucidate the nature
. . : Reten 1.28 0.82 1.96 . " . .
e (three dimensional), or by breaking them down of th% construct being measured P -This will allow for a more fine
" a ?ma Ica etguwa ence '?t the princip el at two into conceptual (structure and equal sign items) and ' rained measure of knowledae
Sides O1 an equation represen € Same value. : :
. P procedural (solving equations) knowledge (two g &
» Foundational concept is critical for learning algebra dimensional) change due to instructional
(apantor ot 2907 Pre Test Post Test Retention Test i i
. . Intervention
*Provides the foundation for two key algebra U N |d | m e N SIO N al
proficiencies (Kieran, 1992): M : t
« Understanding the equivalence of expressions 1 N ———————————— = ore rIgOrOUS measuremen
« Competence at performing same operation on both sides of _ | i . i i i ;
an equation Sample Tasks:  What does the squal sign mean’ ] 3 ; ; ; ; methodology will allow for more
quations are true or false (e.g. 3 +5=6 + 2) X | N | X i
. , . . Solve equations suchas4+6 =7+ 3 3 3 3 x | . . .
Children’s Understanding of Equivalence ok | 3 e : 3 general Ization and com parison
Level 4: Relational Successful with equations with large numbers because can use relation s | oo | s | .
Bad News: 35 years of research show that a majority of without need to  between expressions, rather than computing. Understand principles of i: i oo T | | adCross resea rCh StUd 1es
. . - compute  equality (doing same thing to both sides). e i g i *
first through sixth graders treat the equalsign {77 T " e " | - |
: L : | S e | L oo nu |
Operat|0na”y (e.g., Alibali, 1999) Level 3: Relational Successful with equations with operations on both sides, by computing . oo : L e e |
with computational  solutions, and knows a relational definition of the equal sign, although it : 1 sl 1 | oo N | R f
oOperatiQna| View support co-exists with an operational definition. e l--zv 3 & :2' | e e re n CeS
- View "=" as a command to carry out arithmetic Level 2: Flexible = Successful with equations with operations on the right (c = a + b) ) . i % i % "o
: iy e , : ; : | | | Alibali, M. W. (1999). How children change their minds: Strategy change can be
operations Operational because they are just “backwards” but continues to think of equal sign x | oo | el i gradual or abrupt. Developmental Psychology, 35(1), 127-145
operationally, or in other non-relational ways. 1 1 e 5 e o : y d d - .
-8+4 =7 S, most get 12 (add to equal) or 17 (add a”) i ' ' : | Behr, M., Erlwanger, S., & Nichols, E. (1980). How children view the equals sign.
e Relational View Level 1: Rigid Only successful on equations in standard “a + b = ¢” format and think of i i i i ‘ | Mathematics Teaching(92), 13-15.
Operational equal sign operationally (e.g., it means “get the answer”). Carpenter, T. P., Franke, M. L., & Levi, L. (2003). Thinking mathematically:
- View “=" as meaning two sides of an equation havethe §  § e e e Integrating arithmetic and algebra in elementary school. Portsmouth, NH:
same value Heinemann.
o _ . " m " Falkner, K. P., Levi, L., & Carpenter, T. P. (1999). Children's understanding of
We want to a) pUSh klds underStandlng Of eql-“VaIence TWO D I e n S I O n a I . (Conoeptusl Dimemsion  Procedural Dimemsion ites Conceptual Dimension  Proc edural Dimension  titems Gonceptual Dimension  Proce dural Dimension +items equality: A foundation for algebra. Teaching Children Mathematics, 6(4),
forward, and b) chart their progress 3 3 3 1 i 1 9 X 232-236.
Conceptual Procedural i | i i X | ! | | | Kieran, C. (1992). The learning and teaching of school algebra. In D. Grouws
Level of Success Equal Sign Structure of equations Equation Solving i i i x i | ‘ | (Ed.), Handbook of research on mathematics teaching and learning (pp.
Sample Task:  Define equal sign. Decide if closed equations are ~ Solve open equations with operations i x i i i a i . i g i 390-419). New York: Simon & Schuster.
M eth O d =2 ;”T’ $r fallsj (;?-Qt-_S =d8) — g“lright Sidf. or on both S:dte.s : o | 4 : o | ; McNeil, N. M. (2007). U-shaped development in math: 7-year-olds outperform 9-
evel 4: elational definition dominates olve equations using relation xx1B xx | ‘ X xoooox ‘ ‘ o s ‘ | .
Relational Uses relation between expressions to judge; between expressions e Xxxxxxi! i ; ool e | ‘ | oo | year-olds on equivalence problems. Developmental Psychology, 43(3), 687-
without need to  Articulate compensation Lom | Sl o 3 L e e 3 695.
- - compute . __ — . — S | T | v e | ol 40000 Rittle-Johnson, B., & Alibali, M. W. (1999). Conceptual and procedural
Assessi ng Eq uivalence KﬂOWledge Relatae etniton s Wi OparEtans ﬁé’t'ﬁesfjl“s?té‘infaﬁtﬂa‘iﬁzr)at'°”S > el e o T e I . | e g knowledge of mathematics: Does one lead to the other? Journal of
L e . computational = Comfortable with most non-standard formats o | 1 = T | O e b | Educational Psychology, 91(1), 175-189.
*Despite its critical importance, there is no standard support | | - : | P |
. Level 2: Flexible Correct use of equal sign in non-numeric Solve equations with operations on | | | ~ | | | Xxii gi“ i
measure of equivalence knowledge Operational  contexts right side - | g | ; ! | ) | : |
. Accept some non-standard formats (e.g. 8 = 8; 7 | x| | 2 i Xi i | x| | O n a C
Instead, researchers often make up their own =3+4) 3 i i | | | | |
Level 1: Rigid Opgrational definition Incorrect: solve by computing i Xi i -6 | | | | | |
measures Operational Reject non-standard formats :3?322 before equal sign or all | | | ; _____ : 1.0_:565 | | : . | | Katherine L. McEldoon

-Ouir literature review found no study that reported validity K.McEldoon@ Vanderbilt.edu

of a particular measure of equivalence knowledge ] ] Psychology & Human Development, Peabody College, Vanderbilt University, Nashville, TN 37235
° POtentiaI ImpaCt Of Valid measure T h re e D I e n S I O n a I Struct Equal Sig Open Equations +items Structure Equal Sig: Open Equation tem Struct Equal Sig Open Equations +items C n OW e m e n S

-Comparing research A k I d g t

. . . L | of S i i i | | | | } : } } } } } }

-Evaluatlng interventions evel of Success Equal Sign S;rlzjacttil;;esof Equation Solving 4 i i i i . | | | | , i i i i

'Chartin_g deVGIOpmenta_l sequences Sample Task;  Define equal sign Decide if closed equations ~ Solve open qua’;}ion.s with : 3 i g i 6 i i x i | We would like to thank Dr. Percival Matthews, Laura McLean, and Dr. Sun-

-Formative and summative assessment are true orfalse (e.9. 8= 8) opsrations on g tside oron o ! i a i 5 . | i | ke o | Joo Cho for their help and guidance. The first author is supported by a

-Informing differentiated instruction 2 il s 1.. | | E i Xxi i ‘ iu o | predoctorial training grant provided by the Institu.te’ of EdU§ati0n SCiGhCGSf,

_ _ _ Level 4: Relational Relational definition Uses relation between Solve equations using ' XX§§§§| Xxxiiiii = Xxizaz | k| x| oo | 3 Xﬁ%ﬁ%i, oo oo i Us. Departmgpt of Education, through Va_nderb”t S EXpe”.menta.l Education
This mathematical equivalence assessment T poessorsiokige,  roatenbonemnogressers it T B N B T i number R305B080025). The opimions expressed aro those of the authors
was administered to 157 2"d through 4™ graders S S S— S e - iii%ff%ff%f%%%%%%ig - | , I' | and do not represent views of the U.S. Department of Education.

: : : : iR ogal) Relational definition co- — Comfortable with most non- - Solve equations with o, el e I | _ ol SE® | This work was also supported by an NSF CAREER Grant (#DRL0746565)
as pa r’F of an !nstru ctional intervention study at e exits with operational  standard formats operatons o bothsides (o ) Do ] o [ bl 3 ) hoE, o i awarded to Dr. Bethany Rittle-Johnson.
th ree tlme pOIntS preteSt, pOSt teSt, and Level 2: Flexible Correct use of equal sign  Accept some non-standard ~ Solve equations with i i gazo i N | “ gt | . i i ii i VANDERBILT KENNEDY CENTER
. Operational in non-numeric contexts formats (e.g.8=8;7 =3+ operations on right side -4 | | X | _3 | : o | | | | |
retention test. 4) ; ; 4 - | | ~ ‘ » ; ; 1 ; FOR RESEARCH ON HUMAN DEVELOPMENT
Level 1: Rigid  Operational definition Feject non-standard Inco[)rect:bsoflve by colrnputing - i i ii i . | | 3 | -5 i i i i This poster was printed by the Graphics Core of the Vanderbilt Kennedy Center,
I Operational ormats numbers before equal sign or - | | | | | | | | y | | | | Vanderbilt University, supported in part by NICHD Grant P30 HD15052. The
A” ana|yseS were Completed Wlth Item all numbers - e O . R — Vanderbilt Kennedy Center for Research on Human Development is devoted to

unlocking the mysteries of the brain and child development, and improving the
lives of people with disabilities. kc.vanderbilt.edu

Response Theory methodology.




	Slide Number 1

