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This paper describes an intervention model for the professional development

of middleschool classroom and special education teachers that makes use of
videos of childrend6s mathemati cal rea
cross sectional research. The video and related data are made available
through the Video Mosaic Repository of Rugyé&miversity. A goal of the

i ntervention was to stimulate a chanc
l earning by providing video examples o
that support learning. During the yearlong intervention, teachers replicate
instances of the video learning environments in their classrooms and analyzed

the reasoning of their own students. To assess teacher changes in beliefs about
learning and teaching during the intervention, paed posttest beliefs were
administered. Angsis of data shows significant changes in teacher beliefs

about learning and teaching.
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Introduction

Based on an extensive program of longitudinal and eed®onal
research, now in its 24th year, we have been following the collective building
of mathematical ideas and ways of reasoning by learners. The multiple studies
produced a large collection of video and related metadata, demonstrating
st udent gandemlaisyomeitorirace the development of reasoning of
individual and groups of students over many years, elementary through high
school, and in some cases beyond. The studies have produced a unique
collection of video and related data that are ab#laon theVideo Mosaic
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Repository at Rutgers University (Agnew, Mil)s& Maher, 2010). The
Repository is an outgrowth of our NSF funded research and development
project: CyberEnabled Design Research to Enhance Teachers' Critical
Thinking Using a Major Ydeo Collection on Children's Mathematical
Reasonind.

The Video Mosaic Repository

The Video Mosaic Repository was designed to preserve the unique video
collection amassed by The Robert B. Davis Institute for Learning at Rutgers
University through morehtan two decades of research with over four millions
dollars of grant funding from the National Science Foundatioraddition to
preserving the video collection, new tools were developed for conducting
design research with empirical studies that usevitieos in the context of
teacher education. The collection of videos stored in the Rutgers Repository
provides an important resource for {s@rvice teacher preparation and for
professional development with practicing teachers (See, for example, Maher,
Paius, & Mueller, in press.). The video and related data in the Repository
show the reasoning of students from elementary throughduigbol years,
and in several content strands, where it is possible to search the collection and
follow particular studentsvestigating mathematics within and across strands.
For this paper, we illustrate how we integrate the video collection with our
professional development work with mideiehool grade teachers. Our
examples come from the videos of the counting/prolgtstrand and extend
through the middlgrade combinatorics strand. We focus on the forms of
reasoning exhibited by the children in their justifications of solutions to

! Note that the video clips that we refer to in this paper, as welhassdrom

the collection, are available on the Video Mosaic Repository, which is located
at: http://www.videemosaic.org/

2 The Video Mosaic Collaborative is a research and development project
sponsored by the National Science Foundation (award -C822204,
directed by Carolyn A. Maher, Rutgers University. We gratefully acknowledge
the support from the National Science Foundation and note that the views
expressed in this paper are those of the authors are not necessarily those of the
NSF.

3 See NSF award$1DR-9053597, directed by Robert B. Davis and Carolyn A.
Maher, REC9814846, REE)309062 and DRi0723475, directed by Carolyn

A. Maher.
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problems that are later described.
Theoretical Perspective

Our approach to professial development is based on the view that
there are necessary prerequisites in teacher knowledge that need to be in place
in order for teachers to learn how to attend to the developing ideas and
evolving growth in mathematical reasoning of their studeriibese
prerequisites include a deep knowledge of the underlying mathematics that is
taught, how students learn the mathematics, and how classroom environments
can be designed to motivate and suppor
shown that individal learning manifests itself through the social interactions
of others (Weber, Maher, Powe& Lee, 2008). In the activity of problem
solving, learners build and share ideas, and in so doing, deepen and extend
their knowledge (Davis & Maher, 1997; Mah&dartino, & Alston, 1993).
Within a learning community, individuals have access to the ideas of others.
Ideas are interconnected and extended as learnerdagatker to make sense
of eacho t h edead and build convincing arguments for their solutions to
problems (Maher, Powell& Uptegrove, 2010). To create a classroom
environment that reflects this perspective, a new view of learning is required.
It is important that teachers believe that students are capable of thoughtful
mathematical reasoning. Alsiiiey need to recognize the key role they play in
designing classroom conditions for <chi

Objective

The professional development intervention is part of a multifaceted
research and development project that seeks to preserve and makelecces
videos from the unique collection made possible by research from The Robert
B. Davis Institute for Learning at Rutgers University. The collection includes
video data that span more than two decades of research across grade levels,
schools, and conmt¢ domains. This paper, based on an earlier version
presented at Hangzhou Normal Universitjescribes how the videos from the
Rutgers Repository are integrated into a professional development program for

“ An earlier version of this paper was presented at THerit8rnational
Conference on Mathematics Education in CHIGMEC-2010), June 228,
2010, Hangzhou Normal University, Hangzhou, P.R. China.
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teachers in order to provide some insight into ok ac her so6 bel i e
|l earning and teaching are influenced L
The videosillustrate children engaged in mathematical problem solving and
offering justifications for their solutions. Henceur research exploresd

i mpact of studying videos of chil drenbd

The Professional Development Program: A Model

In order for teachers to follow the mathematical reasoning of their
students, they too must be capable of providing convincing ardarfarthe
solutions to problems. An important prerequisite of our professional
development work with teachers is to improve their mathematical reasoning
skills so that they are better prepar e
reasoning, but alsto promote and evaluate the mathematical reasoning of
their own students. Our approach is rooted in prior work that yielded the
Private Universe Project in Mathematics, a series of six video workshops with
an accompanying guide (Mahetral., 2000).

Our Approach

There are three intervention cycles that occur over several months, and
each cycle has four components: fdachers doing mathematjd®) teachers
studying videos of children doing mathemati& teachers implementing in
their classroomsard (4)t eacher s anal yzi ngdirsttvieei r st
describe the components and then we provide examples through the cycles of
implementation.

Teachers doing mathematics. Within each cycle, new tasks are
introduced. Across the cycles, tasks beconweeiasingly more complex. The
problems come from a strand of tasks t
reasoning (Maher, Powel& Uptegrove, 2010). They are designed to offer
opportunities for teachers and their students to make connections betwleen a
among problems of similar structure and, when appropriate, to pose
generalizations for the solutions. For each task, teachers work in small groups
to develop solutions and convincing justifications. After working on the tasks,
the variety of solutions ra shared and discussed in workshop format.
Attention is given to multiple approaches and varieties of forms of reasoning.
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Teachers studying videosAlso, within a cycle, teachers study videos of
students working on the same tasks and under similaitmored Emphasis is
placed on analyzing the forms of reasoning exhibited by the students in the
videos. The videos that are studied show impressive work of students and give
striking attention to the powerful reasoning of children across ages, elementary
through high school, in multiple settings. We view them as an important tool in
helping teachers become more aware of the potential for mathematical
reasoning of students.

Teachers implementing in classroomsContinuing with the first cycle
of doing matlematics and studying videos, teachers implement the same task
in their own classrooms with the students they teach. When possible, teachers
arrange to observe the implementation of their colleagues. This component
takes place over a few weeks.

Teachers amlyzing student work. The cycle is completed with an
analysis of the forms of reasoning exhibited in the written work of their
students. By carefully analyzing and discussing the work of their students,
teachers express enthusiasm that their own studemtsapable of producing
reasoning similar to theirs and similar to the children in the videos.

The Intervention i Some Examples

The first cycle begins with a daylong workshop, whenever possible, to
immerse teachers in the process of becoming actiteipants in a learning
community. The facilitator engages teachers by inviting them to work in small
groups to build a solution to the following task:

Cycle 1, task 1.You have two colors of unifix cubes available to build
towers. Your task is to males many different looking towers as possible,
each exactly four cubes high. Find a way to convince yourself and others that
you have found all possible towers four cubes high, and that you have no
duplicates.
Teachers are provided with two colorsofuni E cubes and pap
colored markers to record their solutions. Figure 1 shows teachers building
and discussing their models of thdadl tower problem, selecting from two
colors during the problersolving workshop.
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Figure 1. Teachers working on tower problems

After working on the task for approximately ehalf hour, small group
solutions and arguments are shared. Figure 2 shows teachers sharing their
solutions to the 4all tower problem using an argument lases.

g

Figure 2. Teachers sharing tower groupings.

When the sharing of solutions and convincing arguments have been completed,
teachers are then introduced to the first video.

Cycle |, video 1.This video, Stephanie ath Dana, Grade 3shows
Stephanie and Dana working together buildintaltt towers, selecting from
two colors, and finding a total of sixteen.

During the workshop, the facilitator initiates a discussion about the third
gradersod pr obl e mthes wachersnThe taanhdrs drehthus o f
enabled to point to comparisons between heuristics and strategies that have
been used by both the teachers and the children; similarities that may be
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surprising to teachers are noted. Teachers are then presented with the
following extension problem to building towers, selecting from two colors:

Cycle 1, task 2.Make a prediction about a solution for finding all
possible towers 3 cubes high (without building them). Do you think there will
be more, fewer, or the same numbgpossible towers as you found for towers
that were 4 cubes high?

After making their predictions, teachers study two videos.

Cycle |, video 2.Thisvideo, Meredith Removes the Top Cukbows an
interview of third grader, Meredith, about her problgoiving with her partner,
Jackie. In an earlier classroom session on ttal 4ower problem, selecting
from red and yellow cubes, Meredith and Jackie produce an argument by cases
to justify the sixteen tower@Maher,2009) The video shows the intervie
that followed withMeredith, who wassked topredictthe number of towers
there would be for -3all towers. She predicts that number would be the same
number, arguing that if one removed a cube from the top of all of the sixteen,
4-tall towers, there wald remain sixteen-&ll towers. The interviewer asks
Meredith to investigate her claim. As she does so, Meredith recognizes pairs of
duplicate towers and explains why duplicates should be eliminated, then
changes her answer to eight towers.

Cycle |, video 3. This video,Stephanie Elaborates on Her Prediction,
follows the 4tall tower building work of Stephanie and Dana as third graders.
They have been asked to conjecture how matgll3owers could be built,
selecting from two colors. They conjectuhat there would be more because
removing a cube from the top of all of theadl towers would provide extra
cubes for building more towers, and are then encouraged by the researcher to
investigate. In the video, Stephanie discusses her ideas with ¢aectesy and
modifies her prediction with an explanation.

Teachers are then presented with the following extension problem to
building towers, selecting from two colors:

Cycle 1, task 3.Make a prediction for finding all possible towers that
are 5 cubesigh (without building them). Do you think there will be more,
fewer, or the same number of possible towers as you found for towers that
were 4 cubes high?
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Af ter making their predictions, t e
cubes and asked to builet&ll towers, selecting from two colors.

Cycle 1, task 4. You have two colors of unifix cubes to build towers.
Your task is to make as many different looking towers as possible, each exactly
five cubes high. Find a way to convince yourself and others thahgve
found all possible towers five cubes high.

After working on the task for approximately 45 minutes, small group
solutions and arguments are shared. This task tends to elicit reasoning by cases,
although sometimes an inductive argument is providéeachers then study
another video.

Cycle 1, video 4This video,Stephanie and Dana, grade féatures the
girls as seen before, but now as fourth graders, engaged in buildalg 5
towers when selecting from two colors. Working together on the task, th
reach a solution with 32 towers.

The teachers then discuss the girl s
making comparisons and contrasts with what the girls do. Teachers discover
that they identify the same kinds of patterns and groupings thktrerhi
working on this task also identify and name, suchekvator staircase
oppositesandcousins(Maher, Sran& Yankelewitz, 2010a)Teachers are then
shown another video, featuring Milin sharing with some of his -fifthde
classmates an inductivegament he initially had built as a fourth grader
(Maher, Sran& Yankelewitz, 2010b)

Cycle 1, video 5.This video, Milin Shares His Inductive Argument
shows several children, now fifth graders, working on a new task that gives
opportunity to extend theithinking about the towers. The video illustrates
how ideas can travel in a classroom through the sharing of an inductive
argument for building towers of any heightall, selecting from two colors.

Cycle 1, classroom implementation.After doing mathematics and
studying videos, the teachers are well prepared to engage their own students
on the 4tall towers task, selecting from two colors. As the children work in
smal | groups on the problem in their
explanations in order to follow their reasoning. Figure 3 shows a-grsitie
teacher examining the tower models built by two of her students.
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Figure 3. Teacher studying students' models.

A

Cycle 1, teachers analyze studéns 6  \Afber tkachers implement
the task in their classrooms, they bri
and analyze with their coll eagues at
to display a variety of representations and notations, asawetultiple forms
of reasoning. Figure 4 shows the sixteéewer solution of a student who
represented the towers with B (blue) and Y (yellow) symbols. Three groups are
illustrated: all one color, two of each color, and exactly one (and 3) of a color.

Figure 4. Teacher sharing student notation.

Figure 5Shows a studentdés use of tower
indicate groupings similar to those illustrated in Figure 4.
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Figure 5. Teacher shari-ng student groupings

Cycles Il and 1l follow a similar structure to Cycle I, with different
tasks and videos. For the second cycle, the tasks are a class of pizza problems;
that is, determining how many pizzas it is possible to makenvdelecting
from various number of toppings and under a variety of constraints. Based on
findings from the longitudinal study about the representations that students
created and the forms of reasoning that emerged when students had to grapple
with the conplexity of pizza with halves (Maher, Srat Yankelewitz, 2010c),
we suggest introducing the pizza problems in the following sequence:

Cycle 1l, task 5. A local pizza shop has asked us to help them design a
form to keep track of certain pizza sales. Theist andar d Apl ai |
contains cheese. On this cheese pizza, one or two toppings could be added to
either half of the plain pizza or the whole pie. How many choices do customers
have if they could choose from two different toppings (sausage and peapperon
that could be placed on either the whole pizza or half of a cheese pizza? List
all possibilities. Show your plan for determining these choices. Convince us
that you have accounted for all possibilities and there could be no more.

Cycle Il, task 6. Thelocal pizza shop was so pleased with your help on
the first problem that they have asked us to continue our work. Remember that
they offer a cheese pizza with tomato sauce. On this cheese pizza, one or more
of the following toppings could be added to eithalf of the plain pizza or the
whole pie: peppers, sausage, mushrooms, and pepperoni. How many choices
does a customer have? List all the possible choices. Find a way to convince
each other that you have accounted for all possible choices.
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Cycle 11, task 7. Capri Pizza has asked you to help design a form to
keep track of <certain pizza choices.
cheese and tomato sauce. A customer can then select from the following
toppings: peppers, sausage, mushrooms, and pappeHow many choices
for pizza does a customer have? List all possible choices. Find a way to
convince each other than you have accounted for all possibilities.

After the teachers engage in doing mathematics through these tasks,
there is video to bstudied of children working on the pizza problems and
talking about how to solve them.

Cycle I, video 7. This video,Exploring Pizza Problems in Grade 5
show fifth grade students working on the pizza problems over several
classroom sessions. There isanudebate as they search for good ways to
represent the various options for pizzas with halves when selecting from two
toppings. They struggle with this complicated task, yet their work on it gives
them insights for approaching the other pizza problentghis do next.
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Figure 6. Teacher sharing student solution to pizza problem.

Similar to the first cycle, after doing and discussing their solutions to the
problem with their colleagues and watching videos of childi@ng the same
problem, teachers return to their classrooms and engage their own students in
the same task. Later, they return to a folapvworkshop with samples of
their studentsdé wor k. Figure 6 shows
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and Samtwo middle school students. They organize their pizza choices using
a case argument for 1, 2, 3 and 4 toppings.

Another example of student work shared by a teacher is given in Figure
7. To account for all 16 choices of pizza, 4 Gotation was useditable
format to record the absence or presence of a topping. Following discussion
of studentsodo work, teachers study anot
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Figure 7. Teacher shares students' zero one notation for pizza problem.

Cycle I, video 8. This video, Brandon Invents Isomorphisnis an
interview with 10year oldBrandon that is conducted after he has worked with
a partner in the classroom on some probsiving tasks, most recently the 4
topping pizza problem. Brandon uses-& fotation to account for all pizza
choice. When the researcher asks Brandon if this problem reminded him of
any others, he refers to the towers p
rebuilds his solution set of towers to demonstrate their equivalence.

The teachers then begin the third cycle and are given Tasks 8 and 9 to
work on with a partner or small group. After discussion of their problem
solving strategies and solutions, they watch Cycle l1ll, Video 9. The tasks and
video are described below.

Cycle lll, task 8. Find all possible towers that are three cubes tall,
selecting from cubes available in three different colors. Show your solution
and provide a convincing argument that you have found them all.
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Cycle lll, task 9. Ankur 6s Ch al possiblg mwersfhatrare a | |
four cubes tall, selecting from cubes available in three different colors so that
the resulting towers have at least one of each color. Show your solution and
provide a convincing argument that you have found them all.

Cycle IIl, video 9. This video,Ro mi n a 6, showsra group of five
tenthgr ade chil dren working on the Ankur
five students begin their work as a group of two and a group of three. The
video clip focuses on three studenBomina, Jeff and Brian who develop a
notation to represent the three colors and build an argument that is shared by
Romina to the entire group, convincing them of their solution of tgixty
towers.

BUILDING TOWERS THREE COLORS EXTENSION

Find all possible towers that arc four cubes tall, selecting from cubes available in three
different colors so that the resulting towers have at least one of cach color. In the space
below, show your solution and provide a convincing argument that you have found them
all.
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Figure8. Teache# s hares studentsdé solution f

Again, similar to the first cycle, after doing and discussing their
solutions to the problem with their colleagues, and watching videos of children
doing this same task, teachers go back to their classr@nd engage their
own children in Tasks 8 and 9. They return to a follggvworkshop with
samples of student work and share the solutions and arguments used by their
children. In our study with middle school teachers, two sixth graders solved
t he Achalleng®problem using a strategy that was similar to-tgatler
Romina, as shown in the o mi n a 6 ¢ideoR Theiowritten solution was
shared by a teacher as illustrated in Figure 8.
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In sum, the yearlong intervention engaged teachers and theénssun
thoughtful mathematical problem solving and reasoning. A question of interest
to us was whether their participation in the intervention had an influence on
previously held beliefs about what mathematics children are capable of
learning and what te a teacher can have in the process.

Teacher Beliefs Study

It was of interest to investigate whether teacher beliefs about learning
and teaching were durable during this intervention. An objective was to track
changes, if any, in teacher held beliefsinly the course of the intervention.
Our expectation was that learning to attend to forms of reasoning they use in
problem solving and to be more attent
videos might affect certain held beliefs. We were particulartgrested in
whether there would be differences between special education and regular
classroom teachers in terms of the expectations about student learning and the
conditions that teachers can create t
end, a studyvas designed to investigate whether certain teacher beliefs about
chil drenods |l earning and teaching migl
intervention.

Method

Participants

The study consisted of 20 middle school classroom and special
education teacherfpm two middle schools, in a school district in New Jersey.
The regional school district is diverse in the population of students it serves.
All twenty teachers participated in a year long, professideaklopment
workshop that was a component of a coemgnsive design research study
funded by the National Science Foundatiofihe professional development
intervention model is described in detail in this paper.

Instruments
Prior to and after the intervention, the teachers were given a Beliefs
Inventory as pre and podt e s t assessment of their l

® This research took place in year two of a design research study funded by
National Science Foundatioaward DR1-0822204, directed by Carolyn A.
Maher.
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learning and conditions for effective teachifidgpe Beliefs Inventory included

items that assessed beliefs about how mathematics is learned and how teachers
i nfl uence ( o rarningoRorthisadpart] we discuss the subset of
teacher beliefs that changed during the yearlong intervention (See Table 1).
Also, after each session, teachers were asked to evaluate their workshop
experience in terms of learning and relevance.

Results

Data from teacher evaluations and Beliefs Inventory give some insight
into the value of the intervention. Teacher evaluations after each workshop
session were uniformly and consistently positive, suggesting that they found
their participation worthwhiland related to their teaching.

Table 1 identifies a subset of 13 of the 34 items in the Beliefs
Assessment Inventory that were changed. The table examinetegtolselief
scores of participating teachers for those items in which theéepteBelief
resporse was Uncertain, Disagree or Strongly Disagree. It should be noted that,
on the average, 64.4% of the participating teacher-tpestitems indicated
growth. In contrast, on the average, only 4.0% of the teacher responses
indicated negative growth. Forglremaining 32%, on the average, there was
no change in beliefs.

Table 1
PostTest Change in Participating Teacher Beliefs Responses for Beliefs
Inventory Items with a Pre- Test Score of Uncertain, Disagree, or Strongly

Disagree
N* % % %
Belief Inventory Item Post Post
PostTest
Test Test No Change
Growth Decline
Inverse of. Collaborative learning 7 100% 0% 0%
effective only for those students wi
actually talk during group work.
Understanding math concepts is m¢ 5 100% 0% 0%
powerful than memorizing procedds.
All students are capable of working ¢ 10 80% 10% 10%

complex math tasks.

Students are able to tell when th 4 75% 0% 25%
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teacher does not like mathematics.

Learners generally understand mc 18 66.7% 0% 33.3%
mathematics than their teachers
parentexpect

Collaborative groups work best 18 66.7% 0% 33.3%
students are grouped according to |
abilities.

Inverse of Young children must mast 14 64.3% 0% 35.7%
math facts before starting to sol
problems.

Math is primarily aboutommunication. 10 60% 10% 30%

Learners generally have more flexit 12 58.3% 8.3% 33.3%
solution strategies than their teachers
parents expect.

Teachers should intervene as little 12 58.3% 16.7% 25%
possible when students are working
openended mathematics probhs.

Inverse of: Teachers should make s 19 57.9% 0% 42.1%
that students know the correct proced
for solving a problem

Inverse of: Math is primarily aboL 11 455% 0% 54.5%
learning the procedures.

Inverse of: The idea that studsnare 9 44.4% 11.1% 44.4%
responsible for their own learning do
not work in practice.

TOTAL 64.4% 4.0% 31.6%

*N = Number of Participating Teachers who scored Undecided, Disagree, or
Strongly Disagree to the Beliefs Inventory Question indftenost column

Table 2
Overall Change in Participating Teacher Beliefs for Experimentally
Aligned Items on the Beliefs Assessment Inventory

Mean Mean Mean Student Significa
Belief Assessment Inventory Item Pre  Post Growth tRatio ntLevel

Test Test

Score Score

Inverse of Collaborative learning 2.25 1.9 0.35 1.32 0.10
effective only for those studen

who actually talk during grou

work.

Understanding math concepts 1.85 1.4 0.45 1.76 0.05
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more powerful than memorizin

procedures.

All  students are capable of 2.75 2.35 0.40 15 0.07
working on complex math tasks.

Students are able to tell when th: 2.0 165 0.35 15 0.07

teacher does not like mathematic

Learners generally understal 3.1 245 0.65 3.32 <0.01
more mathematics than the
teachers or parents expect

Collaborative groups work best 3.85 3.0 0.85 3.1 <0.01
students are grouped according
like abilities.

Inverse of Young children mus 3.26 2.89 0.37 1.38 0.09
master math facts before starting
solve problems.

Math is primarily — about 2.65 2.35 0.30 1.83 0.04
communication.

Learners generally have mo 2.7 2.25 0.45 2.65 <0.01
flexible solution strategies tha
their teachers or parents expect.

Teachers should intervene as lit 2.85 2.55 0.30 1.3 0.10
as possible when students ¢

working on operendal

mathematics problems.

Inverse of Teachers should ma 3.8 3.3 0.50 2.24 <0.01
sure that students know the corrt
procedure for solving a problem

Inverse of Math is primarily abot 2.5 2.2 0.30 2.35 0.01
learning the procedures.

Inverse of The idea that studer 2.4 2.1 0.30 1.83 0.04
are responsible for their ow
learning does not work in practice

Overall 13 Item Composite Score 2.77 2.34 0.425 5.93 <0.0001

* A 13 item composite score is calculated for each participagagher as the
average of the teacher 6s responses to eac

Table 2 shows the overall ptest and postest mean Belief scores for
the subset of 13 belief items that are aligned with the intervention. The scores
are interpreted as 1 (strongly agree), 2 (agree), 3 (uncertain), 4 (disagree), and
5 (strongly disagree). A composite pre and post beliefs score was calculated
for each participating teacher as the
13 beliefs iems. The overall composite giest and postest Beliefs Inventory
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scores, on the average, reveal a highly statistically significant growth in
Beliefs of 0.425. This result may be interpreted as follows: The average pre

test Beliefs score of 2.77 revealddat for these 13 inventory items a
participating teacher, on the average, scored approximatelyghesters of

the way between 2 (agree) and 3 (uncertain). On thet@sisthe participating
teacher 6s average scor e seh)iThdtes,dheO. 425
mean postest Beliefs Inventory score shifted away from 3 (uncertain) to
approximately 55% of the way toward 2 (agree).

Table 3 compares the Beliefs mean gest growth for the 13 aligned
Beliefs Assessment Inventory items and the 2dn-aligned Beliefs
Assessment Inventory items. The 21 +abigned items have a statistically
nonsignificant postest gain of 0.048 compared to a highly significant post
test gain of 0.425 for the 13 aligned inventory items

Table 3
Comparison of Composie Participating Teacher Belief Scores for Aligned
and Non-Aligned Experimental Program Belief Assessment Inventory

ltems
Belief Mean Mean Student
Assessment PreTest Post Mean Ratio Significarce
Composite Mear Score Test Growth Level
Score Score

Average of 13 2.77 2.34 0.425 5.93 <0.0001
Aligned Belief

Assessment

Items

Average of 21 2.18 2.13 0.048 0.85 N.S.
Non-Aligned

Belief

Assessment

ltems

Figure 9 compares the participating teacher growth distribution of the
aligned and nowligned mean Beliefswentory items responses. It should be
noted that for the aligned Beliefs Inventory items, on the average, less than
10% of the participating teachers did not exhibit any positive growth; in
contrast, for the noealigned Beliefs Inventory items over 50%r (orecisely
52.6%) of the participating teachers failed to exhibit any positive growth with
regard to the noaligned Belief Inventory items.

Figure 10 is a graph of the mean-iigdn aligned post Beliefs items
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versus the corresponding pre Beliefs items dach of the 20 participating
teachers. The graph contains separate linear regression plots for the
participating regular and special education teachers. These graphs indicate
similar growth in post Beliefs Inventory results for these two groups of
teaches. The line y = x (or Post Beliefs Assessment mean score = Pre Beliefs
Assessment mean score) is included in the graph to show the magnitude of
Beliefs posta s s es s ment growth as a function
mean Beliefs preassessment scorBote that the vertical distance between

the red line and the green line at any point on theapsessment axis is the
corresponding expected mean passessment growth for regular classroom
participating teachers. Similarly, the vertical distance betvike red line and

the blue line at any point on the passessment axis is the corresponding
expected mean poassessment growth for special education classroom
participating teachers.

Aligned Beliefs Assessment Ite| NontAligned Beliefs Assessmer

Composite Growth Scores Items Composite Growth Scores
1 1 -
0.75 *‘ 0.75
0.5 0.5
0.25 0.25

0 J 0
-0.25

-0.25 J
-0.5 -0.5

Count Count
1T T T 11 T I I | |
.05 .15 .25 .10.20 .40

Probability Probability
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Quantiles Quantiles

100.0% maximum 1.000 100.0% maximum 0.5238
99.5% 1.000 99.5% 0.5238
97.5% 1.000 97.5% 0.5238
90.0% 1.000 90.0% 0.5238
75.0% quartile 0.615 75.0% quartile 0.2381
50.0% median 0.462 50.0% median -0.0476
25.0% quartile 0.154 25.0% quartile -0.1429
10.0% 0.000 10.0% -0.2381
2.5% -0.077 2.5% -0.2857
0.5% -0.077 0.5% -0.2857
0.0% minimum  -0.077 0.0% minimum  -0.2857
Moments Moments

Mean 0.425D012 Mean 0.047619

Std Dev 0.3123246 Std Dev 0.2433287
Std Err Mean 0.0716522 Std Err Mean 0.0558234
upper 95% Mean 0.5756368 upper 95% Mean 0.1648997
lower 95% Mean 0.2745656 lower 95% Mean -0.069662
N 19 N 19

Figure 9 Distrib ution of participating teacher growth for aligned and
non-aligned beliefsassessmenitem compositescores

3.5

)st Mean for 13 Aligned Beliefs ltems

1.5 T - T T - T
2 25 3 3.5
Pre Mean for 13 Aligned Beliefs Items
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—Expected Results i f NTDestSdore
——Linear Fit: "Reg Ed"
——Linear Fit: "Spec Ed"

Figure 1Q Participating regular classroom andspecial ed teachers- post
vs pre Mean 13Aligned Item Belief Inventory Scores*

Discussion

Teachers were actively engaged in building justifications to problems,
having avail able concrete objects (uni
representations of tower arrangements. In their activity, they discovered
patterns and organizatisrthat enabled them to classify towers according to
some scheme. Their actions resulted in ways of organizing the towers. While
initially not always producing complete organizations, teachers eventually
came to build thoughtful and convincing argumentstffieir solutions. In their
problem solving, they integrated the ideas of others, as was evidenced by their
written work and explanations.

Their active engagement as mathematical learners was, in our view, a
necessary, but not a sufficient prerequistte Understanding the reasoning of

chil dren. I n order to understand stuc
studying of videos of childrenés mat he
enticement. The videos show problswolving behavior not unlike thatf the

adult I earners. They indicate the bene

learning. Given the opportunity for experimental teaching, by observing and
working with children in their own classrooms and working with colleagues to
analyzethei st udentsd reasoning, teachers c
of the mathematical behavior and forms of reasoning of children that naturally
evolve in the process of problem solving. Steffe (2010) emphasizes the
i mportance of t eacahgeer son | e&i hidme@ n Gtso
mathematical thinking by engaging in teaching experiments and working as
teacherresearchers. We suggest that this engagement played an important role
in influencing the beliefs of a significant number of participating teachers

Our intervention suggests that a study of carefully selected videos of
children doing mathematics can be an effective medium for helping teachers
become more aware of the untapped potential of children to build
mathematical ideas and ways of reasonil@ur approach sought to provide
teachers with videos as tools for becoming more attentive to the developing
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ideas of children. Further, it challenged teachers to examine strongly held
earlier beliefs about how children learn and reflect on their own bedied
behavior as classroom teacher. The children in the videos were not told how to
solve the problems they were invited to work on; nor were they shown how to
reason. Yet, using each other as a resource and the tools provided, they were
successful.

It is interesting to note is that belief changes were exhibited by both
regular and special education teachers, and that no differences were found,
suggesting that students identified as struggling also can be successful in
building meaningful solutions to potems. Changes in beliefs about how
mat hematics is | earned and how teacher
be a prerequisite to making changes in instructional methods. However it is
not sufficient.

Actual or perceived obstacles can impede changesactice even for
teachers who realize the benefits of alternative approaches. Change requires
the support of school administrators, who are accountable for the improvement
of test scores, and parents who need to understand the benefits to their own
children (Mueller, Yankelewitz& Maher, 2010). Earlier research has shown
that interventions that seek to establish understanding of mathematical
concepts and t hat f ocus on probl em
computational competence (Maher, 1991). Etlngathe stakeholders about
the necessity for children to build a strong foundational understanding of
mathematics throughout the grades in order to continue a successful later study
of mathematics in high school and beyond is a significant challengeci$gan
& Maher, 2005; Maher, 2005).

There are clearly limitations to the study. More research is needed to
understand the complex relationship between mathematical knowledge,
student reasoning and the impact of video based interventions. Also, follow
upstudy in classrooms for growth in <cft
study
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