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This study examined the application of a conceptual framework for learning new conceptions to
the design and use of tasks/prompts that can lead students to construct multiplicative double
counting (m D C) ± a scheme underlying the development of multiplicative reasoning. Within the
context of a teaching experiment with fourteen 4th-5th graders, we analyze the teacherUHVHDUFKHU¶VZRUNZLWKRQHVWXGHQW0HJDQDVVKHSURJUHVVHGIURPKDYLQJQRVXFKFRQFHSWLRQ
to the participatory and then anticipatory stage of m D C. Our analysis demonstrates how tasks
can (a) draw on available conceptions and (b) be designed to engender the intended learning via
orientation of reflective processes.
Introduction
How might tasks that promote conceptual understanding of multiplicative operations be
designed and imSOHPHQWHGEDVHGRQVWXGHQWV¶DYDLODEOHFRQFHSWLRQV",QWKLVVWXG\ZHDGGUHVVHG
this critical pedagogical problem, which is consistent with the growing interest of mathematics
HGXFDWRUVLQWKHUROHWDVNVSOD\LQVWXGHQWV¶OHDUQLQJRIPDWKHPDWLFV(Watson & Mason, 1998,
2007; Watson & Sullivan, 2008; Zaslavsky, 2007). In particular, we examined the application of
7]XUDQG6LPRQ¶V(2004) stage distinction (see below) to the process of instructional task design.
This application contributes to the recent focus on task use, because it is rooted in a framework
that explicitly links learning of new (to the learner) conceptions with interventions that can
promote such learning. Thus, we applied the stage distinction, reflexively, to both the analysis of
VWXGHQWV¶DYDLODEOHFRQFHSWLRQVDQGWKHWDVNVXVHGIor transforming these conceptions into
intended, more advanced mathematical ideas.
We chose the difficult-to-grasp domain of multiplicative reasoning because of the central role
LWSOD\VLQHPSRZHULQJVWXGHQWV¶PDWKHPDWLFV(e.g., algebra preparedness, see Confrey & Harel,
1994). We believe that inadequate conceptualization in this domain is one key cause for the evergrowing gaps among students during the upper elementary, middle, and early high school years.
Consequently, this study focused on the commencement of multiplicative double counting
P'&VHHGHWDLOVEHORZ DPLOHVWRQHPHQWDORSHUDWLRQWKDWFRQVWLWXWHVDFKLOG¶VWUDQVLWLRQIURP
a unitary counting stage to a binary counting stage (Vergnaud, 1994). Our central thesis is that
the stage distinction, and the reflection on activity-effect relationship (Simon, Tzur, Heinz, &
Kinzel, 2004) framework in which it is rooted, provide useful tools for creating and adjusting
tasks/prompts conducive for nurturing mDC at a level necessary for students to independently
carry out cross-context problem solving processes proper to a situation at hand.
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Conceptual F ramewor k
In this section, we first briefly describe the general and content-specific constructs that
guided this study, and then delineate how they were used to design a set of tasks/prompts for
teaching mDC. The general constructs constitute the reflection on activity-effect relationship
(Ref*AER IUDPHZRUN 6LPRQHWDO LWVHOIDQHODERUDWLRQRI3LDJHW¶V(1985) and von
*ODVHUVIHOG¶V(1995) scheme-based theories. Ref*AER is the postulated mechanism by which the
KXPDQPLQGIRUPVQRYHOFRQFHSWLRQV,WFRPPHQFHVZLWKWKHOHDUQHU¶VDVVLPLODWLRQRIDSUREOHP
situation into her available conceptions, which set her goal and trigger the activities (usually an
DFWLYLW\VHTXHQFH WKDWWKHPLQGDQGERG\FDUU\RXWWRDFFRPSOLVKWKHJRDO7KHOHDUQHU¶VJRDO
then regulates, from within the mental system, the progress of her activity sequence and her
noticing of effects that this activity brings forth. Through two types of reflection, in the form of
brain-based comparisons, the learner first relates the newly noticed effects with the activity and
later with the situation in which she should anticipate such an activity-effect relationship (AER).
Type-I reflection FRQVLVWVRIFRPSDULVRQEHWZHHQWKHOHDUQHU¶VJRDODQGWKHDFWXDOHIIHFWRIKHU
activity sequence; Type-II reflection consists of comparison across records of experience in
which the learner invariantly uses AER compounds for solving what then become similar
problem situations for the learner. A novel anticipation of AER is formed via two stages (Tzur &
Simon, 2004). In the first, participatory stage, the learner forms a provisional anticipation of
AER that she cannot access directly from her available schemes. Rather, this anticipation can
only be retrieved if the learner is somehow prompted for the activity, which generates the effect
and hence the AER compound. In the second, anticipatory stage, the learner forms a robust AER
that she can independently and spontaneously call up, use, and transfer to new situations. The
anticipation encapsulated in the AER RIERWKVWDJHVLVWKHVDPHWKH\GLIIHULQWKHOHDUQHU¶VDFFHVV
to that anticipation.
The content-VSHFLILFFRQVWUXFWVDUHURRWHGLQWKHZRUNRI6WHIIHHWDORQFKLOGUHQ¶V
construction of number schemes, particularly of numerical composite units (CU) through mental
activities of iterating the unit of one ¶VVHH6WHIIH &REE6WHIIH YRQ*ODVHUVIHOG
1985). Steffe (1994; Steffe & Cobb, 1998) proposed that a child who has constructed CU can
operate on such units not only additively (e.g., counting-on to solve a missing-addend problem),
EXWDOVRPXOWLSOLFDWLYHO\YLDVLPXOWDQHRXVO\DSSO\LQJKHUFRXQWLQJVFKHPHWR&8DQGWRWKH¶V
that constitute the CU (e.g., a child may find 3x4 by counting from 1 tRLQµWULSOHWV¶DVLQµ-23, 4-5-6, 7-8-9, 10-11-¶ZKLOHNHHSLQJWUDFNRIWKRVHWULSOHWVRQWKHRWKHUKDQG¶VILQJHUVµ
¶ 0RVWLPSRUWDQWO\LQXVLQJP'&WKHFKLOGFUHDWHVDVFKHPHRIFRUUHVSRQGHQFHZKHUHRQH
CU is distributed across the other. In our example, each CU of 3 is distributed into the composite
XQLWLWHPVWKDWPDNHXSµ¶7KXVP'&HQDEOHVDFKLOGWRTXDQWLI\LQWKHDEVHQFHRIREMHFWV
LHLQDQWLFLSDWLRQ WKHWRWDOQXPEHURI¶VWKDWDUHHPEHGGHGLQDJLYHQQXPEHURIVDme-size
CU without having to count each and every singleton. It is important to clarify here that mDC
refers to the mental quantification of the units²not to the manner in which it is executed (e.g.,
using fingers, or making tally marks to monitor each CU, or mentally counting the CU).
To complement the Ref*AER with a pedagogical approach, Tzur (2008) elaborated on
6LPRQ¶V(1995) DQG6LPRQ 7]XU¶V(2004) teaching approaches by proposing a 7-step cycle. It
SURFHHGVIURPVSHFLI\LQJVWXGHQWV¶DYDLODEOHFRQFHSWLRQVDQGWKHLQWHQGHGPDWKHPDWLFDOLGHDV
through identifying an activity sequence they can carry out, designing and implementing tasks
WKDWPD\HQJDJHWKHPLQVXFKDVHTXHQFHWRPRQLWRULQJVWXGHQWV¶SURJUHVVDQGRULHQWLQJWKHLU
reflection via intentional introduction of follow-up tasks/prompts. In this study, the tasks were
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GHVLJQHGWRWULJJHUWKHOHDUQHU¶VVHWWLQJRIDJOREDOJRDORIILQGLQJWKHWRWDOQXPEHURI¶V 8QLIL[
FXEHV HPEHGGHGZLWKLQDJLYHQQXPEHURI&8 µWRZHUV¶RIFXEHV 2QFHVXFKVLWXDWLRQVDUH
UHFRJQL]HGWKHWHDFKHUFDQKLGHWKHFXEHVWRHQFRXUDJHWKHOHDUQHU¶VFUHDWLRQRIDIXQGDPHQWDO
sub-goal ± namely, to keep track of how of the number of CU ± and introduce the activity of
mDC as a means to accomplish that sub-goal. Numbers for tasks were chosen to require more
WKDQWZRKDQGVKHQFHDWUDQVIRUPDWLRQLQWKHFKLOG¶VDYDLODEOHDFWLYLW\RIFRXQWLQJDOO¶VDVD
single sequence of numbers (e.g., 1-2-3, 4-5-HWF $FKLOG¶VLQDELOLW\WRNHHSWUDFNFRXOGEH
resolved by introducing another set of items on which to keep track of CU accrual, and orient her
attention to the stopping point of mDC when she accounted for all of the CU.
Methodology
This study was part of a teaching experiment (Steffe, Thompson, & von Glasersfeld, 2000)
with three 4th graders and eleven 5th graders, designed to develop multiplicative reasoning in
elementary school students with (or at risk of) learning disabilities in mathematicsi. Three
teaching episodes with one student, Megan (a student at risk), were conducted over the course of
4 weeks by the sixth author. Megan was selected for this study because, prior to the work
presented in this paper, she had constructed the anticipatory stage of using composite units
numerically (e.g., for missing addend tasks).
ThHWHDFKLQJHSLVRGHVFRQVLVWHGRIVWXGHQWVSOD\LQJDJDPHFDOOHG³3OHDVH*R%ULQJ0H´
(PGBM). It involves one player sending another to a box containing individual Unifix cubes and
instructing her to create a tower m FXEHVKLJK7KHµEULQJHU¶UHWXUQVWKH tower to the table and the
process repeats until she brings N towers of m (henceforth notated NT m). Three principal
questions are then asked: (a) How many towers did you bring? (b) How many cubes are in each
tower? And (c) How many cubes do you have in all? These questions prompt the child to
identify, respectively, the number of composite units (CU), the unit rate (UR), and the total
QXPEHURIFXEHV ¶V $YHUVLRQRIWKHJDPHWKDWZHXVHGIUHTXHQWO\XWLOL]HG³:KDWLI"´WDVNV
which require figuring out her answers in the absence of the cubes (e.g., by asking her to pretend
she brought them, or by covering the towers).
Data from the episodes consist of field notes, videotapes, transcripts, and notes from ongoing
analysis sessions. The research team initially analyzed episodes soon after conducting them,
focusing on significant events and on necessary modifications to the plan for the next teaching
session(s). A second round of analysis highlighted critical events in the transcripts of the
sessions, where WKHWHDPLQIHUUHG0HJDQ¶VWKLQNLQJSURFHVVHVDWWKHSDUWLFLSDWRU\RUDQWLFLSDWRU\
stages via attending to her language and actions. Final, retrospective analysis involved a team
discussion of the highlighted segments, which were integrated into a story line of her growth in
multiplicative reasoning. The episodes included in the analysis begin after Megan had become
familiar and comfortable with the basic form of PGBM (with cubes).
A nalysis
,QVHVVLRQWKHWHDFKHUDVNHG0HJDQ³3UHWHQG,VHQG\RXWRJHWWRZHUVRI«DQG,DVNHG
you to bring 7 towers of 4. Can you figure it out, using any other way except bringing those and
FRXQWLQJWKHFXEHVKRZPDQ\FXEHV\RXZRXOGKDYHQRZ"´0HJDQVLPSO\FRXOGQRWDQVZHUWKH
question. Even after the teacher offered paper and pencil, and later said she could use her fingers,
VKHWKUHZXSKHUKDQGVDQGH[FODLPHG³,FDQ¶WGRLW´+HULQDELOLW\WRDWWHPSWWKLVLQLWLDOWDVNRI
7T4 indicated that at this point she had no access to mDC. Below, we present excerpts of critical
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eYHQWVIURPWKUHHFRQVHFXWLYHWHDFKLQJVHVVLRQVDQGVXJJHVWKRZWKH\SURPRWHG0HJDQ¶V
transition to an anticipatory stage of mDC.
Promoting Construction of the Participatory Stage
In order to move Megan to the participatory level of mDC, the teacher suggested that Megan
use her fingers to keep track of the number of towers while counting the number of cubes:
Excerpt 1 (Session 1, Introduction to Double Counting)
7/HWPHVXJJHVWWKHIROORZLQJ,¶OOJLYH\RXP\ILQJHUVIRUHYHU\WRZHU2ND\"(YHU\WLPH
we KDYHDWRZHUWKDW¶V KROGVXSRQHILQJHU RQHWRZHURIIRXU± how many do we now
have? You can use your fingers for [counting] the four [cubes].
M: So 4.
T: What if I brought another tower (raises a 2nd finger)?
M: 8.
T: What if I brought another tower (raises a 3rd finger)?
0" 'RHVQ¶WORRNFRQILGHQW 1RZDLW
T: You can use your fingers to figure it out.
M: (Counts under her breath.) 16? No!
T: So we had 4 ± QRZOHW¶VXVH\RXUILQJHUV VKRZVFRXQWLQJRQIURPRQKLVRWKHUKDQG 
5-6-7-8. And then, 9-10-11-12.
M: Yeah.
T: So now we have 3 [towers], what if we added another one (raises a 4th finger)?
M: 16.
T: Ok another one.
M: (Counts on her fingers under the table) 17-18-19-20.
T: So with 5 we have 20. We still have to go [bring towers] two more times.
M: (Counts on her own fingers) 21-22-23-24; 28.
The exchange in Excerpt 1 enabled Megan to start developing an intentional method for keeping
WUDFNRIWKHQXPEHURIWRZHUVDQGWRDQWLFLSDWHZKHQWRVWRSFRXQWLQJFXEHV7KHWHDFKHU¶V
continual promSWVRI³:KDWLI,EURXJKWDQRWKHUWRZHU"´RULHQWHG0HJDQ¶V7\SH-I reflections
between the accruing effects of the double counting activity and the global goal of finding the
total number of cubes. This was possible because she could assimilate indicating a CU by the
WHDFKHU¶VILQJHULQWRKHUDYDLODEOHQXPHULFDOFRPSRVLWHXQLWVFKHPH&RQVHTXHQWO\([FHUSW
SURYLGHVDZLQGRZWRWZRLPSRUWDQWIDFHWVRIWKHZRUN0HJDQ¶VHDUO\VKLIWWRWKHSDUWLFLSDWRU\
stage of mDC and how the teacher used tasks/prompts to promote this shift. Following the
prompts, Megan knew to operate on the proper unit (cubes) with her number sequence, including
anticipating that 4 cubes comprised a single CU (tower). Thus, the task, which required her to
retrieve only one tower at a time and to count after each new acquisition, seemed to promote
0HJDQ¶Vcoordination of the two number sequences as evidenced by her finishing of the last two
towers without needing to actually go get them.
0HJDQ¶VFRQVWUXFWLRQRIWKHSDUWLFLSDWRU\VWDJHIRUmDC became evident in the task that
followed (Excerpt 2).
Excerpt 2 (Session 1, Participatory Double Counting)
T: So you have 6 towers of 3 over there, and you use your fingers or your brain or (jokingly)
your hair, or your blinking, or whatever, figure ouWKRZPDQ\DUHWKHUHDOOWRJHWKHU«
Can you put your fingers [above the desk] so I can see what you did?
M: (attempts to skip-FRXQWILUVWE\¶VWKHQE\¶V -6-12-19? No, wait. (double counts,
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nodding her head as though counting, e.g., 4, 5, 6, but only speaking the total after each
tower out loud) 3-6-9-12-15-18?
76R"7KDW¶VYHU\JRRG«,VDZ\RXSXWWLQJDOPRVWLPPHGLDWHO\WKHQDOPRVW
LPPHGLDWHO\7KHQ\RXVWDUWHGDQGUHFRXQWHG«6RFRXOGLWEH\RXVDLGLQ\RXUKHDG8-9, 10-11-12, 13-14-15, 16-17-18 (puts a finger for each triplet)?
M: (nods yes)
Excerpt 2 indicates that the work on the previous task and the availability of counting triplets
enabled Megan to solve 6T3 ZKLOHLQWHUQDOL]LQJWKHGLIIHUHQWLDWLRQRI¶V FXEHV IURP&8V
(towers), distributing her units across each of the re-presented units, and coordinating the
addition of the cubes and the number sequence of the CUs (tower). Two interventions were key
to the formation of this coordination. The teacher began the task by imposing a constraint on
Megan: she was not allowed to use paper and pencil to draw the 6T3. This oriented her to move
DZD\IURPVLPSO\FRXQWLQJLQGLYLGXDO GUDZQ FXEHV7KHWHDFKHU¶VSURPSW³&DQ\RXSXW\RXU
ILQJHUVVR,FDQVHHZKDW\RXGLG"´SURYRNHGD7\SH-I reflection as Megan revisited the use of
mDC for finding the total, as evidenced in her immediate self-correction after the first attempt
³«´ WRZDUGXVLQJP'& intentionally in distributing the unit rate (3 cubes/tower) over
the number of CU (towers).
0HJDQ¶VZRUNRQWKRVHWZRWDVNVLQGLFDWHGWKDWVKHZDVLQWKHSDUWLFLSDWRU\VWDJHRIP'&
We did not expect she could yet spontaneously call up the activity sequence, but we did expect
she would use mDC when prompted. To test our hypothesis, we began the next episode by
testing if Megan was at the anticipatory stage of mDC by engaging her in a prompt-less situation.
Excerpt 3 (Session 2, Test Anticipatory/Participatory Double Counting)
T: Pretend you were going (to retrieve a tower of Unifix cubes), and I sent you to get a tower
of 3; another tower of 3, and another (etc.). And you brought, think of 7T3. Can you
figure out how many cubes are there?
M: (Thinks ± uses her fingers to count 1-2-3, 4-5-6, (inaudible speech), gets up to the 6th
finger and gets lost.) Ok. I just forgot.
T: Ok. Just take your time. If you need my fingers, you can use them.
0 6WDUWVXVLQJWHDFKHU¶VILQJHUVEXWWKHQJRHVEDFNWRKHURZQ ,WKLQN
T: How did you get 21?
M: I added three 7 times.
T: Did you do this? (Demonstrates double counting with one hand monitoring) You raised
one finger and said 1-2-3. Then you raised another finger and said 4-5-6 [and so on]. Is
that what you did?
M: Yeah.
72N/HW¶VVHHLI\RXUDQVZHULVWUXH
M: (Builds 7 towers of 3 and counts cubes.) 3, 6, 9, 12; 13-14-15; 16-17-18; 19-20-21.
Excerpt 3 indicates that Megan was yet to construct the anticipatory stage of mDC, as she
EHFDPHORVWSULRUWRWKHWHDFKHU¶VSURPSWIRUXVLQJhis fingers. Once prompted, however, she
could immediately regenerate an anticipation of the AER for mDC. She momentarily used the
WHDFKHU¶VILQJHUVEXWWKHQLQWHUQDOL]HGWKHDFWLYLW\DVHYLGHQFHGLQKHUVKLIWWRKHURZQILQJHUV
for successfully completing mDC to reach her global goal. It confirmed our hypothesis, and led
to interventions for promoting transition to the anticipatory stage via tasks with larger numbers.
Promoting Construction of the Anticipatory Stage
Excerpt 4 (Session 4, In transition to anticipatory stage of Double Counting)
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T: Pretend you have a tower of 6, another tower of 6, and another [etc.]. Seven towers of
6. [How many cubes] would you get?
08P JHWVORVWRQKHUILQJHUV ,GRQ¶WNQRZ7KDW¶VKDUG
T: You can use my fingers.
0,FDQ¶W7KDW¶VKard.
77KDW¶VKDUGHUEHFDXVH,JDYH\RXODUJHUQXPEHUV>6HHLI\RXFDQXVH@P\ILQJHUVIRUWKH
number of towers and use yours to count how many in each. So you said the first one is
going to be 6 (puts out one of his fingers), then you said 12. (Puts down another finger)
Then you started struggling. Use your fingers to add from 12, 6 more.
M: (Counts-on with her fingers) 12; 13-14-15-16-17-18.
72NWKDW¶VDQRWKHUWRZHU SXWVRXWDQRWKHUILQJHU 7KDW¶VWRZHUV
M: (Counting-on with her fingers.) 19-20-21-22-23-24 (Pauses for teacher to put a finger);
25-26-27-28-29-30 (Pauses for teacher); 31-32-33-34-35-36; 37-38-39-40-41-42.
T: Should we stop now, or go on? I said 7 towers.
0<HDKWKDW¶VLW
When finding the number of cubes in 7T6, Megan struggled with the size of the numbers
because each CU was larger than 5 (her fingers). This brought about her Type-2 reflection,
HYLGHQFHGLQKHUUHDOL]DWLRQ ³,FDQ¶W7KDW¶VKDUG´ WKDWXVLQJP'&ZRXOGEHGLIILFXOWIRUWKH
current situation because, unlike previous situations, she would not be able to simultaneously
hold the number of towers and count the number of cubes. This Type-2 reflection, however,
HQDEOHGKHUWRHDVLO\DVVLPLODWHWKHWHDFKHU¶VVXJJHVWLRQWRXVHKLVILQJHUVWRNHHSWUDFNRI&8
and she immediately completed the task. It was her spontaneous contribution, evidenced in the
intentional pause until the teacher raised his next finger, which led us to conjecture Megan might
VROYHDVLPLODUWDVNLQWKHQH[WZHHN¶VHSLVRGHDWDQDQWLFLSDWRU\OHYHl.
To test our conjecture, we introduced a problem situation at the beginning of the following
ZHHN¶VHSLVRGHWKDWUHTXLUHG0HJDQWRXVHP'&LQDGLIIHUHQWFRQWH[WDVNLQJKHUWRFUHDWHD
PGBM situation (cubes, towers) that would be equivalent to having 7 baskets with 8 chicks in
each. Megan immediately built a tower with seven same-color cubes and one different color
FXEHFRXQWLQJXQGHUKHUEUHDWK³-2-3-4-5-6-7-´6KHWKHQFRQWLQXHGEXLOGLQJPRUH78 of the
same color pattern until she had 7T8, at which point the teacher asked if she could figure out the
WRWDOQXPEHURIFXEHV0HJDQVSRQWDQHRXVO\DVNHG³&DQ,XVH\RXUKDQGV"´DQGSURFHHGHGWR
count individual cubes on her fingers while counting towers on his, successfully stopping at 56.
That is, Megan no longer needed a prompt. Rather, she clearly anticipated and spontaneously
carried out the entire mDC activity sequence. The way she built her towers to present chicks and
EDVNHWVDQGKHULQLWLDWLYHIRUXVLQJWKHWHDFKHU¶VILQJHUVLQGLFDWHGWKDWVKHLntentionally (a)
distinguished between the CU (towers) and UR (cubes/tower) and (b) used mDC to determine
the total. Megan assimilated the chicks and baskets task into her global goal of finding total
cubes and independently called up the activity sequence needed for multiplicative coordination
RI&8GLIIHUHQWLDWH¶V FXEHV IURP&8V WRZHUV GLVWULEXWHKHUXQLWVRIDFURVVHDFKRIWKHUHpresented seven CU, coordinate the addition of the cubes and the number sequence of the CUs
(tower), and employ two sets of objects (fingers) to keep track of both counts.
Discussion
This study demonstrated a fundamental transition to multiplicative thinking. At the beginning
of our analysis, we saw that Megan, a student at risk in mathematics, had not constructed mDC,
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putting her at a disadvantage with her peers (2-3 years behind). Through a Ref*AER designed
intervention, Megan learned to spontaneously call up mDC for reaching her goal in various
PXOWLSOLFDWLYHVLWXDWLRQV0HJDQ¶VLQWHQWLRQDOWUDQVODWLRQRf and solution to the mDC task in the
last episode, including her request to use another set of fingers, indicated the commencement of
her anticipatory stage of a units-coordinating scheme to which Steffe (1994) refers as an implicit
concept of multiplicatLRQ0RVWLPSRUWDQWO\WKLVVWXG\GHPRQVWUDWHGKRZ7]XUDQG6LPRQ¶V
 VWDJHGLVWLQFWLRQIRUGHWHUPLQLQJDOHDUQHU¶VDYDLODEOHFRQFHSWLRQVFRXOGJXLGHVHOHFWLRQ
of tasks and prompts for transforming these conceptions. Such guidance included the
introduFWLRQRIGRXEOHFRXQWLQJRQRQH¶VDQGDQRWKHUSHUVRQ¶VILQJHUVXSRQVKLIWLQJWRµIRU
SUHWHQG¶WDVNVDVDPHDQVWRWKHVXE-goal of simultaneously keeping track of clearly
GLIIHUHQWLDWHG&8DQG¶VSURJUHVVLQJIURPVPDOOWRODUJHQXPEHUVDQGFRQWLQXDOO\RUienting the
OHDUQHU¶VUHIOHFWLRQRQWRWKHFULWLFDOTXHVWLRQVRIZKHQWRVWRSFRXQWLQJ HJZKHQ0HJDQ
SDXVHGIRUWKHWHDFKHU¶VQH[WILQJHU 
E ndnotes
i) This research was conducted as part of the activities of the Nurturing Multiplicative Reasoning
in Students with Learning Disabilities project, which is supported by the National Science
Foundation under grant DRL 0822296. The opinions expressed do not necessarily reflect the
views of the Foundation.
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