Theoretical Framework Methodology: Participants and Procedure Methodology: Data Gathering and

Intl‘ 0 dUCtIOn The Strands of Mathematical Proficiency model (National Research Council, 2001, p. 116) Four students participated in the study, Alex, Bethany, Christina, and Daniel (pseudonyms). These students AﬁﬂlYSiS
According to Ashlock (2010) and Durkin and Rittle-Johnson was used to shape our approach to the research. were entering fifth grade in fall 2015. During the summer, students participated in an initial assessment
(2014), students have difficulties learning and understanding e e N N e ™ interview, seven 1-hour tutoring sessions, and a post assessment interview. All four students attended each

decimals. Common misconceptions include: Conceptugl Procedural Strategic Adaptiye PFOdu(?tive session and participated actively by answering questions, adding their thoughts and opinions during class on items related to the learning trajectory for place value and
Understanding Fluency Competence Reasoning Disposition discussion, and helping one another solve problems. decimals (Confrey et al., 2012).

Students often attempt to apply their knowledge of whole Habitual Learning Trajectory for Place Value and Decimals Each student answered the same set of interview question at the

' : - : . inclination to s -
numbers to decimals. For example, students may believe that o —— Skill in carrying Ability to Crypacior o athematics 1o ) conclusion of the summer. Data was analyzed from the pre and

- - - . out procedures formulate, : : 10 is a bundle of 10 ones. The standards shown to the left are the : : : :
0.45 is greater than (.8 because 45 is greater than 8 (Durkin & of mathematical Eexibly, Pa—— logical thought, sensible, useful, B1.24 ) post interviews showing: where the students’ learning started, where

Rittle-Johnson, 2014) concepts, ccuratel solve reflection, and worthwhile, . portions of the trajectory that were used
’ ' operations, and P explanation, and coupled with a 100 is 2 bundle of 10 tens.

Students often believe if there is a zero at the end of a decimal relations fggg}fgﬁ;’fyd mgféirﬁiluscal justification belief in diligence BT duting instruction (Confrey et al., 2012).

At the beginning of this study, each student participated in an

initial 30-minute interview that assessed his or her prior knowledge

the students made gains, where the students did not make gains,

and where the students made the most gains collectively.

i X and one’s own
number, that the value increases. For example, students might efficacy The numbers 100, 200, 300, ... 900 refers to 1,2, 3, ... 9

. ndreds Sample Interview Questions
believe that 0.89 has a lesser value than 0.8900 (Durkin & Ruittle- % JAN ) ) JAN ) hundreds PATHWAYS Cyde of Integrated - Q

J ohnson. 201 4_) Recognize a digit in one place represents ten times what it ) Te a Chin g an d ]E{e sear Ch 1. What would be the
2 ) . . . . . ANB resents in the place to its right
Sl e offien ol o e wp e dedima pehnd when Procedural fluency is often the most heavily emphasized of the 5 strands. Rote memorization . ’ value of the next

, : , : Read, write, and compare numbers using expanded form and | block to the left [Of il
adding and subtracting with decimals, but do not understand place value. . i

2 ’ P — the thousands cube]: [N i =

that they arc aCtuaﬂy hﬂlﬁg P the p lace values of each number. Use decimals to represent fractions with denominators of 10 ) assessment data 2. Add 2.4 + 10.03 » | ': Ll

For example, they may believe that 0.7 + 0.7 = 0.14 (Ashlock, teachers need to focus on curricula, lesson planning, and the development of activities that ot 100. ) o 145 | 't‘;: e o
Compare decimals to hundredths using values of digits and ) . . . . | [

justify with models. 4. Multiply 0.2 x 3 Flat Rod ~ Cube
Thousand Hundred Ten Unit

is often the focus of lessons, and students are expected to perform computations without

conceptual understandings. In order to guide students toward mathematical proficiency,

2010). focus on student growth 1n all five of the strands of mathematical proficiency.

We drew upon mathematics education literature for teaching strategies and principles likely to

: : . R e e s ded
The purpose of this study was to examine students’ thinking develop students' mathematical proficiency for decimals. These included: notsdon mdplacewalue, : - - - - -
p p y : : otation and place value. Each instructional session and interview was video recorded.

about whole number place value and the base ten system and how T P ' ' ' .
3 y -Building upon students’ prior knowledge, connecting what they already Compate decimls o thousandths using values of digits with students After each lesson was taught, we discussed how the lesson went,

their understandings of these topics influenced their learning of - - . .
, HS P S understood to new information (Carpenter et al.,, 2015) S— ' ' & Yy '} which students seemed to have a good understanding of what was
decimals and decimal computations. —Buﬂdmg upon students' kﬂOWlCdgG of place value to develop their understanding Recognize a digit in one place represents ten times what it taught, and preliminary next steps for instruction. We then

represents in the place to the right and 1/10th of what it ‘
of decimals (Ashlock, 2010) rprein 10 the lef, > Select tasks o transcribed the videos. After transcribing, we coded the transcripts

Research Question -Using visual models to illustrate the conceptual structure of decimals (National ' gi?if;giﬂgf;rsoﬁeigrggi%o{ zeroes in the products when %Ektivt(;) groups move sttgdents'd and student work using the Five Strands of Mathematical
: thinking forwar

How can students’ proﬁciency be improved in the areas of whole Governors Association & Council of Chief State School Officers, 2010) . — . g students Proficiency and made conjectures about tasks and teaching
Add, subtract, multiply, and divide decimals to hundredths

number place value, decimal place value, and decimal computation? -Using inquiry-oriented instruction including tasks from outside-of-school 4|  and explain. strategies to help advance students’ thinking,
contexts to encourage student engagement (Reys et al., 2014).

Initial Assessment Instructional Cluster 1 Instructional Cluster 2 Instructional Cluster 3 Post-Assessment Results

Results During the first lesson, students demonstrated their knowledge of Once students att.ained a conceptua.l understanding .of plfchG Ir.1 tbe s.ixth lesson, students were introdgced to In the post interview, Alex and Bf:the.my’demonstrated improved co-mepz‘mz{ understanding
whole number base ten blocks by discussing what they knew about value, students were introduced to adding and subtracting with multiplication of a whole number and a decimal, for of the base ten blocks by accurately indicating the value of the block immediately to the
All students were able to accurately determine the blocks and discovering patterns that can be found among the decimals. Students used manipulatives to represent each number example, 3 x 0.8. Christina and Daniel lacked conceptual left of the thousands 1s 10,000. However, Christina and Daniel were still unable to
the name and value of the base ten blocks, but blocks. Students created a chart that displayed important information and placed the pieces on a place value mat, which helped students understanding of multiplication that was needed to use the accurately state the value of the block. Multfply 2.5 0.5 {Can you Use a pichure to justfy your sswer?)
none of the students could determine the value about each block: line up the place values when they were adding, The students were manipulatives to represent the problem. For 3 x 0.8, Alex and Bethany relied on algorithms to
oif (e Ibllosls imimiesiizielyy (0 e Ll eif e \ g0 J6G Pt - divided into small groups of two based on ability level. students would set up 3 groups of 8 tenths pieces. In order solve the addition, subtraction, and multiplication 1 g
thousands block. This showed that students were el H EEE | ke ﬂh% , M | to help students gain a better understanding of how to set problems given, but were also able to explain . ‘
Tot compleitly suke Off e pteing Foumd i - 1yed (& : up the problem, students were given the opportunity to their answers using adaptive reasoning and drew
the base ten system. il Skl | — work with a partner and set up problems that were all the pictures to demonstrate their strategic competence.
After reviewing the initial assessments of all = ) > | ' % - same format. Students demonstrated their adczpz‘z'w reasontng Alex was applied his understanding of multiplication to the problem 2 5x%0.5 and was able
four students, it was clear that the students were Yo ng—@ '-; ‘ | E | i 4 skills by explaining how they set up their manipulatives and to draw a picture to represent the problem.

entering the program with a wide range of ability Wo'f,;s . how they found their answer. A significant improvement for Christina and Daniel was their ability to read decimals

levels. Alex and Bethany demonstrated procedural S T ] I P - | Christiné an& D—anié di no demonstrate a conceptual The seventh and final lesson consisted of review of correctly, demonstrating [ & ®*panded form 1_
fluency, by using algorithms to solve the tudents did not demonstrate conceptual understanazng that each place understanding of regrouping when adding. In order to help these addition, subtraction, and multiplication with decimals. In an understanding of 360 O&A‘"(“{ Q0N /0>t 300+ 040 1.00 Q=

value is ten times bigger than the place value to it’s right and ten times : . : L . . . .
55 P 5 students, they completed various addition problems that required order to develop students productive disposition, they were decimal place value. Bethany also demonstrated this understanding by accurately writing

smaller than the place value to it’s left. We addressed this problem by regrouping. As they regrouped, they were asked to explain why given word problems that dealt with real world situations. the number 347.392 in expanded form and as a mixed number.

having students figure out how many of each block was in the next . . . - .y . . .
S S y they did so. This helped to develop students’ adaptive reasoning. . The initial and post interview data was analyzed by rating student responses on a scale
C 28+

. . . . o . ,' £ - e “reonl: at .h‘ Sh.,l o .
To further their understanding of regrouping with addition, Ll it SR S M g R S /e of 1 to 5. A score of a 1 meant that students did not show any understanding of the
addition problems were included in the subtraction game for the bought . 2 4 ounces of salt and vinegar chips. How many g problem and a score of a

computations. These two students, however,
lacked conceptual understanding, as shown by
their inability to apply their knowledge to an
unfamiliar problem. Alex was able to solve 0.2x3,

block, 1.e. how many unit cubes make up a rod, until students noticed
the pattern.

but could not figure out where to start when

In the second lesson, students were Initial and Post Interview Results

trying to solve 2.5x0.5. Christina and Daniel were next lesson. - : ounces of chips did she buy? - 5 meant that students

Students were introduced Sl Q W T Estimate what two whole numbers the answer will fall between. = [ ~ showed a Complete
to subtraction of decimals by | oo TN T o L3 s L6 ~ 2. |l understanding of the
playing a board game. Each oy QS 7 " e = problem. The results of

student was given a set of e Parallel, open ended tasks were chosen in order to both interviews were

both unable to read the decimals correctly and given a square that represented a
2-dimensional unit cube that they cut
into tenths, hundredths, and thousandths
pieces to represent each place value. This
activity demonstrated that each piece had
to be ten times smaller in order to accurately represent the place value

to 1ts right.

could not perform the addition, subtraction, and

multiplication of decimals problems.

There were also times when students thought

Christina

they were able to determine the correct answer,

but in fact had the wrong answer. In the initial

spectfically designed for his or a e | . £ students to have a meaningful discussion about how they students performance
her ability level. As students il . )8 solved each problem, enhancing their adaptive reasoning skills. Rating increased or
played the game, they ‘ Students chose numbers that they were capable of working decreased. Alex, Bethany,
answered a series of subtraction and addition problems, while with. Students then had to estimate what two whole and Christina’s overall

> |l using the manipulatives to support their understanding and numbets the answer would fall between, and then draw score increased, while

3 Oo OOO f\ ‘/0 000 49 e anc fhousandils place vaue, using the numbers they sclected strategic competence. models of the manipulatives to prove that their answer was Daniel’s score decreased. 2 3
’ ) o M

interview Bethany stated that she was “good” at Bethany

expanded form, but her work showed that she

question cards that were it : differentiate instruction, but did so in a way that allowed compared to see if _

In the third lesson, students were given playing cards with the

numbers 1 through 9. Students selected cards and made the smallest

could not accurately write the decimal portion. . . .
number possible, by putting a number in the ones, tenths, hundredths

Students strategic competence was strengthened by using manipulatives to correct. w Initial Tntervicw 8 Post Interview

LRI XYY

represent a variety of numbers throughout these lessons.
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