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ABSTRACT

THE MEDIUM IS THE CULTURE:
A CASE STUDY OF ELEMENTARY SCIENCE EDUCATION

By
Paula Jeannette Lane

In this case study, two teachers arrange students in small groups called “Coaching
Teams” to learn science. These groups are unique in that they remain constant for the
academic year, and are comprised of two 4" graders, one male and one female, and two
5t graders, one male and one female. The 5™ graders are “experts” to the process since
they were members of the same class the previous year. The 4™ graders are “novices.”
Science lessons and Coaching Team activities were recorded on video tape over one
school year. Eight focus students, members of two Coaching Teams, were interviewed
after small group work studying air pressure and light. Findings highlight the dynamic
of teaching, content, and small group work to help create a culture of learning. The
Coaching Teams prove to be much more than small groups interacting with science
phenomenon. The structure of these cooperative groups, supported by rigorous tasks and
teaching that weaves elements of student and teacher talk, allows for independent
learning and thought by the students. The case study provides rich material to inform

educators about the complexities of science education and discourse dependent practices.



In loving memory of my father,
James Eddie Lane,
“Well lah-dee-dah!”
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Chapter One

Genealogy of the Case Study
Nobody ever said reforming science education would be easy...the whole business of
educational reform becomes much more difficult and complex as it moves from
abstract statements to actual classroom practices. Underlying this point is a simple
truth. Reform requires people to change... (Bybee, 1997 #431, p. 41).
Researchers following the innovations into schools could only marvel at the extent to
which teachers continued to do what they always did.
(Olson 1982)
Budding Questions
In my first full-time teaching job I was assigned to a combination 3™ and 4™ grade
classroom. Ihad this position for two years, so I was able to observe the 3™ graders
complete the 4™ grade. One 3™ grader, Gianni, was a quiet, handsome, athletic boy, tall
for his age. He was also an enigma to me. He never had a pencil of his own, though when
he needed one, some other student provided it. The inside of his desk was a mess, yet he
magically produced his social studies text or math assignment when asked. He was not a
strong student, but he managed to get his work done. What was going on here? How was
he doing it'?
As I paid closer attention to the students in class (and less to my own chaotic
novice teaching) I began to find answers to my questions about Gianni. It was actually

rather simple -- a group of girls took care of him and they proceeded to do this caretaking

through 4™ grade as well. Gianni had his own harem, and this was only the third grade.

' One day in the lunchroom Gianni's kindergarten teacher told me that when she had Gianni as a student,
she suggested to his parents that his counting skills needed some improvement. She told the parents they
could help their son by having him do things like count out the silverware for setting the dinner table, or
other such domestic chores with counting embedded in them. To the teacher's surprise, Gianni's father
informed her that no son of his would ever set the table.



I'd be willing to wager that he made it through the rest of school in the same way he
made it through 3 and 4" grade, with female students more or less taking care of him.

Perhaps this was the beginning of my interest in gender roles in education. As a
middle school science teacher in subsequent years, I saw social dynamics played out in a
significantly different drama, one in which females dumbed themselves down when
placed in mixed-sex groups. Although caretaking was still demonstrated by some girls,
as I had observed in Gianni's class, it was the girl’s apparent attitude not-to-know-or-care
about science concepts that caught me by surprise. At this point in time, I was
consciously trying to implement reforms as suggested by AAAS calling for science for
all Americans (American Association for the Advancement of Science 1989).

I decided to conduct my own teacher action research project to learn about gender
and teaching in middle school. I started with the students themselves. I asked all my 7"
and 8" graders to complete a survey seeking their opinions on our science class, student
dynamics, gender roles, lab activities. I ended with a question: Do you think single sex
classes would help you learn science?

Anyone who has taught middle school probably knows how my diverse, inner
city, multi-language students responded to this last question. They all hated the idea.
They told me repeatedly they needed to learn from the other sex, that they needed to
know how to talk to the other sex, that separation of the sexes would make school, and
science class, really boring, and that separation was, generally, a bad thing. So much for
my idea of single sex science classes to eliminate the gender roles I thought society had

persuaded females to play.

I enrolled in graduate school a year later.
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Since I conducted that first piece of really bad research (the survey for the girls
was printed on pink paper and the boy’s version was blue), I have spent a great deal of
time trying to understand what the dynamics of gender are in the classroom and how it is
manifested in individuals and groups. I considered the role of the teacher, the nature of
the task and the community of learners that help define what is and is not acceptable in a
classroom. I have tried to look both broadly at gender in schooling, and deeply at the
particular interaction of gender and science education.

Starting with my personal interest in gender roles and moving toward the larger
issue of the paucity of minorities and women seeking degrees in higher education in math
and science, I have studied gender and science in education in graduate school and after.
I don’t pretend to have found any kind of panacea, or any single treatment, technique, or
practice that might remedy the inequities. But in my dissertation, I take a close look at
one practice, “Coaching Teams,” employed in a local upper elementary science
classroom. I think the practice offers hope for changing science education. I believe there
is significant reason for teachers to consider implementing this practice with their own
students. But I also believe this study makes clear the necessary interaction of several
components in teaching. There is no single thing or “it” to help kids learn significant
science concepts. We need to consider content, task, teacher and organization of lessons,
to fully grasp what any single practice might offer. We need to look at the classroom
culture.

Maturing Notions
When I began graduate school I was certain of only few things. One of these

beliefs was that I did not want to study unsuccessful practices or bad teaching. I wanted
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to find the best teacher I could and try to understand what motivated her, how she
developed her practice, and what she considered the essential elements of strong
teaching. Everyone I asked directed me to the same person and I was delighted to find
that such a teacher existed just a few miles from the University. Soon I came to meet
Conni Crittenden and her teaching partner of 8 years, Bob DeLind. Conni and Bob are
teachers in the East Lansing area, known for their strong science program.

My study is based on Conni and Bob's classroom of fifty 4™ and 5" graders. Over
three years I spent time at the school as a University instructor, sometimes in their
particular classroom, observing student teachers or helping University seniors with
weekly field observations for their methods course. The data collection for my
dissertation took place during one school year.

Prior to my dissertation study I spent time interviewing Conni about her life and
her experiences in science education as part of a pilot study on science educators. She
won the Christa McAuliffe Fellowship Award in 1995, and The Presidential Award for
Excellence in Science Teaching in 1998. She was selected the Outstanding Science
Educator of the Year from the Impressions 5 Science Museum in 1995, as well as being a
finalist for the Michigan Science Teacher of the Year Award from the Michigan Science
Teachers Association. Perhaps the most significant finding from my initial study was
Conni’s firm belief that the Coaching Team was the single most important aspect of the
approach to science instruction she and Bob enacted. Her conviction was the genesis of
this dissertation study: a close analysis of Conni and Bob’s Coaching Teams.

Unlike conventional cooperative small-group strategies, Coaching Teams are a

unique practice designed by Conni and Bob. The teams are cross age and kept together
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as a unit for a complete academic year. All teams are comprised of both boys and girls.
(A sustained discussion of the Teams is found in Chapter 4.)

Their class, nicknamed “The Farside” after the Gary Larson comics, served as a
starting point for my dissertation, and the questions I wanted to explore. I wanted to
better understand gender issues and group dynamics, learning in science and best
practices in science education at the elementary level. After Conni’s suggestion that
Coaching Teams were the most successful component of her practice, I decided to study
this learning structure to help me think about issues related to equitable teaching. My
first questions were rather basic; Just what was this “Coaching Team” arrangement and
what was significant about it? Did it, for example, conform to other cooperative group
learning practices or was there something unique about these groups? How are
marginalized students affected by Coaching Team practice -- did it help or hinder those
students in learning science concepts? Were standard gender roles sanctioned? What
were the teachers doing to facilitate science learning in groups? Over time, I began to
wonder what it would be like to participate in a small group for science lessons and to be
with the same students for an entire school year.

I wanted to know what it was like to experience these Coaching Teams from an
individual student's perspective and from my own perspective as well. This was
important to me because of my previous teaching experiences and questions of pedagogy
related to equity in science classrooms. Thanks to the cooperation of teachers, students
and parents, the setting was ideal for a study of upper elementary students learning

science in small group settings.



After colles
w0 rethink ke
ey at the teach
aout Natona! Sta
armng. My ana!
edoa study

KL logether,

b participg
2 culture, |
Cesbing Teym
Wliecting gy,
kil gng lear
dazde\eloped.
&y e Couch
R engin,
iging tleme
ke Part of
Andlygj
8l g
Ty acty

« mag Hif}' the



Regeneration of the Questions

After collecting data and examining it from the students’ and my perspectives, I
came to rethink key arguments in the debates about science education reform. If we look
closely at the teaching in this room, we have an opportunity to reconsider assumptions
about National Standards, content, cooperative learning and what supports student
learning. My analyses took me beyond the basic questions I started with which were
limited to a study of Coaching Teams. Through listening to students and observing their
actions together, while simultaneously trying to understand the environment these
students participated in, I came to think of the Coaching Teams as a demonstration of a
unique culture. Fortunately the qualitative approach I had employed to study the
Coaching Teams prompted me to more widely study the classroom context. In addition
to collecting data on the Coaching Teams, I was also recording teacher actions, lesson
details, and learning outcomes. Because of such an approach, and as my analyses of the
data developed, I came to see my original questions as too narrow. This study was not
about the Coaching Teams per se, but it was about a classroom culture that was affected
by the existence of the Coaching Teams. This study answers the question, what are the
engaging elements of teaching and learning in this classroom and how are the Coaching
Teams a part of the whole?

Analysis of the data I collected allowed me to answer many of the questions I had
originally considered but it pushed me past some of the details of practice to the nuances
of cultural activity. I’ve tried to illuminate both the particulars of the classroom activities

and magnify the less visible aspects of the culture. These findings might be useful in
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redirecting the conversation about groups and their place in the science education
national reform agenda.
Case Study Rationale

As a former classroom teacher I have always believed teachers have a great deal
of power to reform the system. I also believe teachers often do not learn of, and are not
supported in, the best practices as outlined in research on teaching and learning.
Teachers are somehow often left out of the loop on research until the final moment of
implementation of a new practice or curriculum. They have few opportunities to think
about what reform might look like in practice and few portraits that help them see the
complexities of the many dimensions of teaching. To counter this fact I found a
classroom where a well-respected pair of teachers instituted a unique practice for
teaching science, and they believed this was the single most important aspect of their
program.

My goal was to learn enough about this room to be able to develop a rich case
study of the teaching and learning that went on there. I wanted to know if this special
model might have value in the discussions on National reform of science education. The
practice, named "Coaching Teams" by the teachers, involves students learning in small
cooperative groups for science education. A case study approach would allow me to
focus my attention directly on the teachers, the students and this classroom practice.

Benefits of a case study approach for this research are many. First, the data can
“focus on naturally occurring, ordinary events in natural settings, so that we have a strong
handle on what “real life” is like,” (Miles and Huberman 1994). I chose to spend an

¢xtended period of time—a year—in the room so as to be able to witness events as they
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naturally occurred and to see things—introducing new content, students assigned a task, a

unit in its entirety—occur repeatedly. By sampling two Coaching Teams, other students

in the class, and the two teachers I could study the interactions, learning, and experiences

of the students participating in small groups for science education.

The qualitative nature of the case study would allow for a flexible final analysis. 1

based the analysis on an inquiry approach that supported interpretations (Creswell and

Shope 2002). From the beginning of the study I knew I was interested in the confluence

of teaching, student small group work, content and learning. I knew I did not want to

watch single events and have them represent the whole. As much data as possible was

collected regarding science instruction, individual lessons, student feedback, conceptual

understanding, student work, and teacher intent. The following is a table of all the data

collected for the case study.

Type

Description

Quantity

Video tapes

Recordings of instruction of both teachers and two
Coaching Teams as they completed science tasks—
entire unit on air pressure recorded.

30

Interviews

Teachers (2).

Eight students in the two Coaching Teams after each
science lesson on the topic of “light,” plus one exit
interview each (56).

Other students in the classroom after science lessons
(20).

78

Student work

Complete science journals from eight target students
in two Coaching Teams.

8 sets

Focus lessons

Complete unit on light was recorded in 8 episodes.

Other

Whole class pre and post tests on the topic of “air
pressure” and “light.”
Anecdotal records.

Figure 1: Data Collected Between January and July 2000
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Vignettes proved to be very useful in understanding Coaching Teams as
“pockets” of rich data recorded on video tape (Miles and Huberman 1994). As Erickson
noted, vignettes are a “vivid portrayal of the conduct of an event of everyday life, in
which the sights and sounds of what was being said and done are described in the natural
sequence of their occurrence in real time,” (Erickson 1986). The study of the data was
grounded in constant comparative procedures (Creswell and Shope 2002) and discourse
analyses (Cazden 1988; Schiffrin 1994) .

I began to connect what I knew of the "Coaching Teams" strategy with
discussions in the literature and at conferences related to "science literacy for all” -- the
rallying cry from reformers in the late 1980s, early 1990s (Rutherford, 1990 #224). By
using small group learning structures in their classroom, that were multi-age and that
remained consistent over the academic year, perhaps these teachers had struck upon a
method for science instruction that would, actually, allow for all students to learn science
concepts. Perhaps these teachers had found a way to encourage female students and
other marginalized students in the field of science. Conversely, maybe the Coaching
Team arrangement was nothing special after all and had nothing to do with whether the
students learned science concepts. Looking closely at the whole picture of teaching and
learning science in this classroom had many potential interesting outcomes.

Questions About Learning

Chapter two is an analysis of the learning demonstrated by students in ““The
Farside”.” This chapter addresses the most obvious question to be considered before any
other questions might be asked—did the students in this classroom learn any science? In

this chapter I explore the pre and post testing results as well as evidence supporting the
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claim that students in the Coaching Team setting, did, in fact, learn science concepts
around the topic “light”. The chapter concludes with a discussion about the nature of
learning suggesting we think of learning more like images of waves and less like a model
of a staircase. My study is organized to explore these possibilities.
Questions About Teaching

Chapter three is a study of what Conni and Bob did to create an environment
which results in consistent success in student learning. In other words, this chapter
foregrounds the teaching. In this chapter I attempt to uncover the special and engaging
elements of dynamic teaching in the classroom. Process and content skills are discussed
for their existence together instead of the usual separate teaching objectives found in state
and district curricula (Michigan Department of Education 1991). The analysis begins
with a review of the National Teaching Standards. By closely examining the particular
approaches to content instruction in Conni and Bob’s teaching, I advocate a new concept,
what I call the Hybrid Model for teaching science which blends styles of teaching.

Questions About Coaching Teams

In chapter four I introduce the students observed most closely—two Coaching
Teams of four students each. Vignettes are chronicled and analyzed that help explain
student participation as science learners in Coaching Teams. Here I discuss literature
supporting small group work for learning science and examine how Coaching Teams
distinguish themselves from what today conventionally counts as group work.

The national reform documents for science education (and other subject matters

as well) call for students to learn in small group settings. As the quotes from these texts
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provided below suggest, cooperative learning in science education is widely accepted
today:
Using a collaborative group structure, teachers encourage interdependency among
group members, assisting students to work together in small groups so that all
participate in sharing data and developing group projects. (National Research
Council, 1996 #346, p. 36).

In doing science, it is often helpful to work with a team and to share findings with
others. (American Association for the Advancement of Science, 1993 #343, p.15).

The use of multi-age grouping can lead to significant changes and deserves serious
attention, (American Association for the Advancement of Science, 1998 #344, p.119).

The collaborative nature of scientific and technological work should be strongly
reinforced by frequent group activity in the classroom (Rutherford, 1990 #224,
p-189).

Coaching Teams contain several unique components. They include autonomy, longevity

and muti-ageness for the small groups. A final discussion ensues considering Coaching

Teams as their own evolving cultures.

Questions About Individual Students

Chapter five links issues of gender and science education through a discussion of
how the Coaching Teams support the development of both males and females as science
knowers and doers. Two students are highlighted from one Coaching Team. This
chapter is my attempt at keeping the research closely connected to individual students. I
suggest that we see the influence the students exercise on each other as a kind of
“Reciprocal Cross.”

In Chapter six I make explicit the problem of trying to study one aspect of
classroom practice, such as Coaching Teams, in isolation from teaching and content.

What began as a study of a small group learning strategy, and the associated details such

11
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as the lessons taught and the teacher actions, became a more comprehensive study of the
reflective nature of the various components. My study evolved from the specific
questions of the role of the teacher and the nature of the science task students were asked
to perform, to a study of a particular kind of classroom culture.

Before beginning the analyses however, I provide one lengthy example of one
Coaching Team in action. My period of observation for the complete study was one year.
During that time I saw many examples just like the one below, illustrating how students
spoke to each other, the type of tasks teachers asked the students to engage in, and how
children came to understand science ideas. I chose this particular instance because it is
full of the type of interaction I came to believe was common in this culture.

Four Students Grapple with Air Pressure

I chose to analyze “The Farside” classroom because I believed it was rich with
possibility for studying students learning in small group settings. As I began to collect
data on the Coaching Teams I was buoyed by the quality of discussion I overheard
among the students and I was encouraged by their behavior toward one another. It was
both the cognitive component, the “eidos,” and the group spirit, the “ethos,” that were so
impressive. In the course of my year with Conni and Bob, I hoped that by recording
multiple science lab events I might capture moments, here and there, that might portray
something essential about the students as they were communicating about science
concepts, though I was never sure precisely what it was I was looking for.

No single recorded lab event demonstrated all the qualities catalogued in my final
analysis of the case study—except one. On March 15", I recorded Coaching Team One

on digital video tape as they participated in the small group discussion phase of a lesson

12
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concerning air pressure. I was fortunate to find that this single session was a particularly
fertile event in which all the important elements of the small group work of this case
study were encapsulated. What follows is a description of the setting for this episode and
a synopsis of the specific fourteen minutes in which four students, two fifth graders and
two fourth graders, try to make sense of scientific phenomenon.
Group Background
In October these four students began their Coaching Team or small group
ex prerience and they worked together at least twice a week on science experiments. The
fifth graders, Emmalee and Sam, were in this class last year and are “experts” at the
science Coaching Team set-up in this setting. Sarah and Matt are fourth graders, the
“nowvices” who have only the past six months to draw on as a model. Generally the group
works well together, determines what needs to be done rather quickly, and seems to enjoy
Performing the science tasks.
The seating arrangement, determined by the four team members, remains constant
class after class, lab after lab. Each student sits equidistant from the others at round 6
foot tables. Arbitrarily starting with Emmalee, next is Sarah, then Donovan, then Sam.
This means the two fifth graders are side-by-side, as are the two fourth graders, and the
girls sit next to each other as do the boys. The students weren’t instructed to sit this way,
but most groups around the classroom opted to have girls next to girls and boys next to
boys when they work in their Coaching Teams.
Lesson Context
During the hour preceding the relevant fourteen minutes, the students have been

°bServing teacher demonstrations “in-the-round.” The science lab is located in a part of
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the school building formerly used as a media center. There is a carpeted circular arena
with two steps along the rim. Here students sit comfortably while they watch teachers
conduct demonstrations, write on the overhead projector, or they might participate in
www hole class experiences such as “the Electron Dance” in the center of the circle. On this
particular day the teachers provided the students with three different demonstrations to
o bserve associated with atmospheric pressure.

First, the students watched Mrs. C, one of the two teachers in this multi-age
classroom, try to “karate chop” a meter stick balanced on the side of a heavy industrial
table. A single piece of newspaper covered half the stick on the table. The remaining
Portion of the stick extended out past the edge of the table ready for the “chop.” It took
Mrs. C several attempts before she successfully chopped the meter stick in half with her
bare hand. This bit of comedy led to a discussion of atmospheric pressure measured in
mathematical terms. The students calculated the area of the newspaper (23 in x 27 in =

621 sq. in). They considered the value of air pressure on earth, which is roughly 15
POunds per square inch. Then they calculated the actual pressure of air on the paper (621
$qQ. in. x 15 lbs./sq. in). It was the considerable weight of the air that helped pin the meter
stick down on one side so Mrs. C could break it in half with her “chop.” The initial
demonstration in this “air pressure extravaganza,” as it was called by Mrs. C, took about
25 minutes to complete and included questioning by the teacher, comments by students,
analysis with the calculator, model drawings by the teacher on a large flip chart, and

Students writing in their science journals.
The second demonstration centered on a vacuum jar containing chocolate candy

bunnies and lavender marshmallow “Peeps” candy bunnies. A hand pump was attached
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to the jar in order to remove air molecules. The air removal took much longer than
anticipated, so the third demonstration began while the “bunnies in a jar” experiment
continued with a student operating the hand vacuum pump instead of the teacher.

In the final air pressure activity, a student volunteered to be placed in a large clear
plastic bag. Only the student’s head stuck out at the opening while all his other body parts
remained snugly inside the bag, and he sat on the carpet. Mrs. C tried to remove all the
airxr from the bag by attaching a large industrial vacuum hose to the neckline of the bag
arxd tumning on the machine. The vacuum sucked the air out and Spencer was “shrink
wrapped.” This task was accomplished very quickly; from beginning to end it took about
five minutes. After the laughing and commentary from students died down, the teacher
asked questions and probed for students to make connections between the “Karate chop”
and ““Spencer in a bag.”

As students began to speculate aloud as to what exactly happened to Spencer,

Mrs. C returned to the bunnies in the jar. Students were directed to observe closely.
While holding the jar for all to see, Mrs. C walked around the circle of students who were
Seated on the carpeted steps so that they could look at the bunnies up close. Next, she
asked the students to write their observations and to predict what would happen when she
let air back into the jar. What students saw was that the bunnies were larger and the outer
“skin” was cracked.
The three air pressure demonstrations lasted a total of forty-seven minutes and
When they were concluded, Mrs. C asked the students to get up from the carpeted area

and proceed to their assigned Coaching Team tables for small group discussion. The
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groups were directed to confer in their teams in order to forge explanations of what
happened in each demonstration and then to record the explanations in their journals.
Coaching Team One Goes To Work
It took Coaching Team One less than a minute to get to their assigned table, sit in
their usual places on four legged stools, and open their science notebooks. Observing
such behavior one is struck by the way in which the group seamlessly transitions from
whole group to small group activity. Immediately upon sitting down Sarah states that
thhey should start writing in their notebooks and she begins a brief exchange with Sam
sitting across from her. Sarah says “I think I'll start like we did before—Today we...”
annd Sam says “Yes, today we, uh, watched bunnies im-PLODE.” (This comment is
sigmificant because the bunnies were actually getting larger, as will be explained, and
Sam will hold on to this erroneous notion until the very end of the Coaching Team
discussion.) It is easy to see the students’ excitement and enthusiasm for their task.
Donovan is propped on one elbow, and Emmalee is likewise leaning in toward the center
of the table. All four children are directed toward each other or the center of the table—
they definitely look like a group of individuals who are familiar with one another and
Who feel comfortable working together. They laugh and make a few jokes about Spencer
and the bunnies. It is Emmalee who gets the group back on task. She is the more serious
member of the group, earnest and focused, a no-nonsense type of student. Her comment
is an attempt at an explanation of the bunnies expanding and cracking in the vacuum jar.

Emmalee: When we sucked the air out it opened the pores and the air got out (pause),

I don’t know.
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There is a break in the group talk, Sarah writes in her journal, Donovan looks on,
Sam does some fidgeting. Then Sarah mimics Mrs. C trying to get the hand pump to
work on the vacuum jar and the other members of the group laugh. Sam tells Sarah,
T hat’s a good idea.” It is not clear what he is referring to. When anyone speaks the
other members of the group pay attention and turn their heads slightly to look at the
person more directly. At this point in the episode, only a minute has passed since the
students sat down and opened their notebooks to write.
Sam: So (pause) uh--
Exrrammalee: Can you guys think of any other experiments?
Sarah: There’s Spencer and the bunnies...but we did something before Spencer...
Erraraalee: We did...
Sarxa: Ruler!
Saran: Ruler!
(It s ¥would be noted that the students in this group were very aware that they were being
Video taped during this session. I continued to record this group during science events
thr(-)'..lgh May 30" of that year and the observed behavior was consistent. Students always
began quickly, stayed mostly on task, shared ideas, worked cooperatively and listened to
®ach other.) After one minute and twenty-one seconds into the small group work, Mrs. C
nngs , bell, as a signal for everyone to stop talking and listen to her. Coaching Team
One stops talking and each member turns to face the teacher standing up front.
Mrs_ Every table needs to look this way. EVERY Coaching Team...You need
to go through all of the demonstrations that we did and as a group decide

what it is that’s happening and what your conclusion is, explain it, and
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Exrxmnmmalee:

write in your journals in about ten minutes. So you are going to have to
get right on task, and everyone needs to be included, and needs to
understand what’s going on and we will be checking back with you. (A
student asks a question and Coaching Team One turns their heads back to
the center of their table, to each other.)

We already went over this (tapping her science journal page where she has
notes on the newspaper and meter stick demonstration) and its because she
smoothed it out (Emmalee uses her hands to show smoothing out and Sam
is looking right at her so she turns her gaze toward him while Sarah and
Donovan appear to listen more passively than Sam) and all the air came

out from under it.

At this point, Sarah has been listening patiently, but appears anxious to talk about

anothaer task, Spencer in a bag. She helped name the experiment as it was happening

durizra = the whole class segment and has something of a proprietary interest. She also

S¢€Xxa s intent on moving past the newspaper demonstration, perhaps because it is one of

the xxnore difficult experiments to comprehend and explain. Sarah is a fourth grader who

Xudes confidence and self-assuredness. She is obviously very verbal and always eager

'© contribute in the small group setting. She displays a vibrant sense of humor, and

€€ s to have a good sense of herself as well.

Sarah:.
Emum ajee:
Sarah.

Spencer in a bag, he couldn’t move because—
Spencer in a bag (laughing).
That’s funny, I named that (laughing). I went, Spencer in a bag. And then

he couldn’t move because the air pressure was hard on his--
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Emmalee: Tight on (She puts her arms across her chest and bends over as Spencer

did when he was in the bag). The air was so tight on him it made a seal
(the use of “seal” replicates the terminology the teacher had used
regarding vacuums during the bunny discussion).

Sarah: There’s no, um, air in the bag, so it just went straight around him, there
was more air pressure pushing on him--

Exrmmalee: He kinda like shriveled up because--

Sarah: He couldn’t move because of all the air pressure on top of him.

During this exchange the two girls are looking at each other. Donovan is writing
in I s notebook and Sam is looking on intently, also writing at intervals. Now, Emmalee
tarma s to her right to talk directly to Sam, as if to convince him of her point about the air
Pus I iing on Spencer, he nods and she continues while Sarah looks on.

Emxrxyalee: The air pressure was pushing on him, trying to get in so he looked like that
(arms across chest).
Saran: If you did that for a long time, I bet that it would probably (eye brows
raised, leaning on one elbow, backing off a bit from her adamant stance,
lowering her voice as if to question this point herself) kill you.

Emunalee: If you put your head in there (nodding), DEFINITELY'!

Saran: Yea, but I mean, it’s like, it would—
Sam. Yes, long enough (crossing arms on chest)—
Sarap; Your heart, if it happened long enough it would probably, your heart
would burst--
Sam: Yes, it would probably be really hard—
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Emmalee: You could lose your circulation.

Through this discussion Donovan has been looking from speaker to speaker,
writing in his notebook, leaning forward and seems intrigued by what his peers are
saying. Sarah is suddenly lost in thought, staring at the center of the table, hand to
mouth, pondering something. This time it is Sam who brings the group back to the task
at hand. He is the calm, understated sort of student. Sometimes in the group, he acts

older than his years, and he seems to have a perception of the team as a whole unit that is
umxuasual. He can stand his ground, share, or be quiet while others talk, each with minimal
effort Sam anchors the group by understanding what is worth worrying about during
cormplicated labs and knowing when the group ought to seek help from the teachers. It
was 1ncharacter for him to step in with a leader-like comment next.

Sarma : Yeah, okay. So our conclusion for the Spencer thing is, um, --

Saranh: That he couldn’t move because the air was so, the air pressure was so, um,

hard outside it was — I don’t know how to put that but I understand it.
Sarn - I understand things, but it’s hard to put down.

For aimosta full minute, the four students write silently in their journals.

Sam - And then the conclusion for the bunny thing is all the air was taken
from—the—
Sarap,: From—the—
Sam. From—the—
Sarap, From the container
Sam: Yeah--
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Sarah:

E rramalee:

Sam:

(To Sam) And then so the bunnies started to like crack and everything
cause they were sure blowing up like what happened to Spencer.

(To Sarah) The thing is they were kinda getting bigger also so they can’t
really be shrinking

(To Sam) Well, see they’d be--

No, but they got so their insides were growing—

Oh yeah.

--And that’s what made the skin crack.

(Stating the obvious to Sam) But WHY were they growing?

Yeah.

During this exchange Donovan has been following along, looking at whomever is

speaking, sometimes nodding, and sometimes wearing a confused expression on his face.

The group falls silent for a few seconds.

Sarah:

Emmj)ee:

D°novan:

Maybe, but it seemed like if you sucked all the air out they’d get so big it
would fill up the whole container but I don’t exactly know why.

That’d be funny if Mrs. C pumped that long enough that they were getting
like huge.

I know and they’d be like hey—

(inaudible...) maybe open the jar—

Maybe it has something to do with marshmallows.

This last comment, which was a first for Donovan in this session, occurred at 4

Minutes and 50 seconds of the small group processing time. Though he has been quiet

for nearly five minutes, his timely suggestion shows he was completely alert and aware
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of what the other students were saying. His comment is appropriate and clever—perhaps

the bunny demonstration has an explanation related to the nature of the marshmallow

candies themselves, something nobody had mentioned. On the other hand, Donovan’s

comment is somewhat unrelated to the other comments made to this point. The other

students giggle at the idea.

Donovan is a quiet and relatively immature fourth grader. Sometimes he appears

to be lost in his own world. But he is a smart kid who comprehends and thinks deeply

about some topics. He seems to want to make a contribution to the whole group while

simultaneously listening and learning.

Emmalee:

Sam:

Emmalee:

Sarah:

Emmalee:

Donovan:

Sam:

Emmalee:

Okay, so--

I’ve actually, uh, microwaved a “Peep” (candy) before (Emmalee, Sarah
and Donovan sit expectantly looking at Sam), they get huge (pause). So
what’s the, our conclusion?

So first, they pumped the air out--

The same thing that happened to Spencer—NO—it’s not the same thing
because that had a seal (again, “seal” is used referring to the previous
explanation concerning vacuums and other well-known experiments
relative to air pressure and vacuums).

It’s not like Spencer got bigger.

(in a mocking, joking tone) Spencer got BIGGER!

If anything, he got smaller, scrunched up.

Yeah.
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At this point in the video tape it is striking how each of the four students wears
the same struggling, perplexed expression on their face. Sarah looks around, Donovan’s
eyes dart from person to person as if to say “don’t you know the answer” and Emmalee
puts her hand to her mouth in a puzzled way.

Emmalee: Maybe the—

Donovan: (To no one in particular) Bunnies could shrink—

Emmalee: Bunnies stretched when, when we took out all the air, they were trying to,
trying to, I don’t know.

Sam: (Rather irritated) I don’t know!

The students have been working on the air pressure problems and the whole class
demonstrations for five minutes and thirty-eight seconds. They have hit a wall and seem
to be getting frustrated or bored or both. Donovan is looking around at another table of

students, Sarah has slumped back in her chair away from the table, and Emmalee and
Sam are both smiling, almost giving up. Then Sarah makes a claim to clarify and de-

anthropomorphize the marshmallow bunnies.

Sarah: Candy bunnies do not breathe. We know that for a fact.
Sam: Yeah.
Sarah: Unless Mrs. C was trying to pump them up (she mimics repeated blowing

into some imaginary small item cupped in her hand as if to blow life into
it).
At this moment the student teacher (ST) in this classroom enters into Coaching
Team One’s space, placing herself between Emmalee and Sarah and she asks “What are

you doin’ there?” Donovan says “their heads were popping” but this is really said to
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nobody in particular. Emmalee, Sarah and Sam all try to share something at once; Sam
wins the floor. Both he and Sarah now mime tiny CPR-like pumping movements with
their forefingers on their imaginary bunnies located on their open notebooks. They are
breathing life back into the “Peeps.”

Sam: Mrs. C, about bringing a “Peep” back to life with CPR.

Emmalee: It’s the same thing like on TV...

ST: Oh, like those infomercials. Now what did you guys find out?

Sarah: That we know what happened to Spencer and the ruler, but we can’t figure

out the bunnies.

ST: What similarities do the ruler AND Spencer, shrink wrapped—
Sarah: Pressure!
Donovan: Air pressure!
Sam: But the pressure was like all pushing on the bunnies so they were starting
to like—

From this exchange it is easy to see Sam’s fundamental misunderstanding
regarding the bunnies in comparison to Spencer in a bag. Sam is still holding on to the
idea that removing the air from the bag that was around Spencer is equivalent to
removing the air around the bunnies. But everyone at the table knows there is something
fundamentally different between these two examples, but they éren’t quite able to
characterize it. They are struggling with the fact that the bunnies are in a vacuum
container. Sarah is sure of herself and in order to clarify, shares next.

Sarah: The pressure wouldn’t be pushing on the bunnies because there is no

pressure in it.
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And Emmalee articulates the difference between the two examples with her next

comiment.

Emmalee:

Sarah:

ST:

Emmalee:

Sarah:

Emmalee:

Sarah:

ST:

Emmalee:

Sarah:

Donovan:

Sarah:

Donovan:

But see, Spencer, kinda got smaller and the marshmallows got bigger.
Yeah.

Spencer got smaller?

Spencer didn’t physically get smaller but he looked smaller.

But Spencer had air pushing on him but the bunnies didn’t because of that

So Spencer was inside, and the vacuum sucked, pulled out all the air, so
that the air pressure was pushing on him so much that he got (inaudible),
and he couldn’t move, but—

Maybe Spencer couldn’t move, the bunnies could?

Maybe if they were alive, do you think they could have? I wonder.

If there’s no pressure it doesn’t--

I wonder...

Well, we’ll never know.

I wonder if we pushed so much on the bunnies, like it was in space or
something, they would float up, like (sitting upright and spreading her
arms as if she were floating, weightless and in a sing song voice) do do do
do (trying to replicate science fiction music sounds)?

(Directly to Sarah) That’s what I thought was going to happen — they were

going to float.
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Now the ST moves on to another Coaching Team. Because Sarah has

demonstrated her “what if” and shared this idea of floating, Donovan remembers (one

presumes) the prediction he made during the whole class demonstration.

Sam:

Sarah:

Emmalee:

Sam:

(Getting the group on task, again) The reason for it—

Do-do-do-do-do (singing and continuing to demonstrate little bunnies
floating, and laughing at herself)

Sure there is a way to do that.

Okay, so why would they be (inaudible), there’s no pressure on them, so
(inaudible)

I think that the shell was starting to get pushed in and that’s why it seemed
to get bigger because it was getting pushed in and then the marshmallow
or whatever was in it started spewing out it’s like it’s getting so tight it’s

squeezing it and everything out of it.

Sam still holds on to the crushing notion of the bunnies in the jar, as his earlier

comment about “implode” showed, though that isn’t the accurate scientific explanation

for the skin cracking or their increase in size. He continues to misunderstand the nature

of the vacuum jar and the associated examples given during the demonstration

concerning pressure increasing at the bottom of a swimming pool, and decreasing as a

plane climbs in elevation and why pressurized cabins are essential for humans to fly in

airplanes. Eight minutes of small group discussion time have passed.

Emmalee:

Donovan:

But if there is no pressure pushing on you, would that make you expand?
It seems like it wouldn’t.

I don’t know (yawning).
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Emmalee:

Sam:

Emmalee:

Sam:

Emmalee:

Donovan:

Emmalee:

Sam:

Emmalee:

If not it seems like it might kinda be. Like you would lose your form.
Yeah (yawning).

So there is no pressure pushing on them (looking over her shoulder to
where the bunnies are in the jar on the table).

They were—I don’t know. Don’t have a clue. Um—

(To Sam) If you sucked out all the air would that open like not pores but
whatever of the marshmallows so they’d be getting, trying, not trying—
Were they heated?

(Ignoring Donovan’s comment)-- to get more air, but, it would be opening
up the pores so that the air would be going in?

(To Emmalee) Yeah.

But that doesn’t have anything to do with Spencer in a bag. Pulling out all
the air—(pause)—you know that the air is going in somehow, to the

rabbit, to make it puff up.

The students have been relating facts previously grasped, discussing logical

schemes, and considering possible alternative explanations. For the most part, they have

kept to the task, and listened intently to each other. Almost ten minutes have transpired

and many concrete issues have been asserted and they form the basis for the discussion.

Donovan keeps trying to offer ideas that are quite imaginative (“maybe it has something

to do with the marshmallows” or “were they heated up?”’). Sarah and Emmalee index

observable phenomena: bunnies don’t breathe, they puffed up because air got into them.

This group has earnestly tried to understand what they observed by building on one

another’s comments and offering the best ideas they can come up with. Personal
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experiences are added (Sam has microwaved “Peeps” before) as are humorous notions of
floating bunnies in space or performing CPR on candy bunnies. The students often
gesture with their hands to clarify their explanations.

At 9:53 another student comes over to the group to say “Hi” to Sarah—these
fourth and fifth graders are probably at their limit for discussion without further help
from the teacher. It seems unlikely, at this point, that giving the students more time will
have any positive effect. They have gone as far as they can. But Sam continues to try to
make sense of the bunnies and refers to Emmalee’s comment that air had to be getting

into the bunnies for them to puff up.

Sam: But there isn’t any air in the thing.
Sarah: No. Air could be going in to push it up because there’s no air in it.
Sam: So you’re taking all the air out of it.
Sarah: Well, how do we know the bunnies got bigger?
Sam: We don’t. I don’t even think they did get bigger, I think their shell started

to like crack and tried to get smaller so the insides squished out and
making it APPEAR to look bigger.
Donovan stood up at this point, moved around his seat, and readjusted himself, his

notebook and his pencil. Emmalee is sensing that time is running out for the group work

and she asks:
Emmalee: Do we just want to go with that?
Sarah: No, but it doesn’t have anything to do with Spencer.

Emmalee: Well, it kinda would.

Sam: I don’t know.
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Donovan:

Sarah:

Emmalee:

Sarah:

Emmalee:

Sarah:

Emmalee:

Sam:

Sarah:
Sam;

Sarah:

Emmalee:

Sarah:

Science — never—(inaudible).

Maybe, the air, cause there’s no air in it, the bunnies they just like there’s
no air totally, so the bunnies already had air in ‘em before they went in, so
it’s probably sucking the air out and while it’s doing that is doing that it
probably kinda sucked the bunnies apart (Her arms move up, she makes a
monster image of a big bunny, then she growls).

Yeah (nods, smiles).

Nah.

That could work and then it splits down the middle ‘cause it had to pull
out.

So they’re sucking out all the air and they—

Slowly.

Burst.

PULLING all the air (in reference to the teacher demonstration portion of
the lesson where Mrs. C insisted that the students use find a word other
than “sucking” to describe vacuum action).

PULLING.

Not pulling, I mean, not sucking.

They pulled all the air out and there had to be some air in the bunnies
cause different size molecules.

So their skin would crack?

Because, because it was like pulling them this way (and she pulls on her

own arm, says ‘“help”).
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Donovan gets up, moves around his chair again.

Emmalee:

Sarah:

Donovan:

Sarah:

Sam:
Emmalee:

Sam:

The bunnies got bigger because, uh, can they really get bigger?

The skin ripped and then the insides went bleahk (she gestures her insides
coming out), maybe they had air in them too (referring to the organs or
whatever is inside a bunny) and go bump-UMP, bump-UMP (laughing)
and sucking, pulling the insides out to get all the air.

Their heart was pounding so fast it burst it through.

I thought they were going to shrivel up (referring, presumably, to earlier
whole class predictions) like little (inaudible).

I’ ve actually seen that trick before. Mrs. C had like a different pump.

I think it’s the same thing only it’s not electric.

From a long time ago when my sister was in the class. Mrs. C did it with a

“Ding Dong.”

Everyone smiles and looks up at Sam.

Emmalee:

Sam:

Sarah:

Donovan:

Emmalee:

Sarah:

Mrs. C did it with a “Ding Dong?”

Yes. Those little snack cake things? It puffed up and then it shrank.

I don’t even like “Ding Dongs.” It would be funny if it exploded.

What if it got so big it exploded?

(To Donovan) Well, the skin would start cracking, peeling off.
(Emphatically) Because it got pulled—psshhhhhh (making the sound of

escaping air). I have to do sound effects.
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Emmalee:

Sarah:

Emmalee:

Sam:

Emmalee:

Sarah:

Emmalee:

So if the air was pulling it kind of apart wouldn’t air be getting, wouldn’t
the cell be getting some air, and some air is getting sucked out and some
air is trying to get to the marshmallow.

Yes, “Don’t let ‘em take me. Don’t let ‘em take me!” No they all grab the
bunny air molecules (she is laughing and smiling). That wouldn’t make
sense though.

So, I know the “Peeps” have to have some little spaces in them, little air
pockets—

So when the pump was trying to pull out all the air, when there was air
pulling the bunnies bigger so some air got out but air was still trying to get
into the bunnies.

Yeah. I guess.

It seems like if the air was pushing it wouldn’t they get smaller?

The air pressure was unequal, we know that, inside than outside. It was
pushing on the jar.

I don’t think it would affect the bunnies at this point.

At 14:20, the teacher rang the bell for the second time and Sarah and Emmalee

began writing in their journals. The ST spoke to the class and this lesson concluded with

the discussion to be resumed at a later time. For now, the students had to clean up and go

to lunch.

Further Analyses

The transcription above provides a portrait of one group of students working as a

Coaching Team discussing three demonstrations offered by their teacher. The topic was
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atmospheric pressure. After analyzing the transcript and studying the children on the
video tape, several points became evident.

The flow of the discussion is exceptional. The students listen closely to their
peers at the table and readily build a conversation around each other’s ideas. Rarely are
comments made that seem to come out of nowhere. In addition, vocabulary is linked
from the teacher talk to the small group talk (the use of the term “seal”). Other recorded
lessons demonstrated similar direct language connections (see Appendices R-U). The
genealogy of a particular usage could often be traced within a lesson and between
lessons.

Besides language links, there are many instances where the students bind
concepts, either related to the unit topic, or related to other topics and units. In this case,
Sarah, Donovan, Sam and Emmalee make references to knowledge about humans and
other living things, such as animals, and what might happen should the similar conditions
prevail as the candy bunnies endured. The four students added personal vignettes to the
mix, as when Sam refers to his own history with microwaves and marshmallow candies
and/or when Emmalee mentions a past experience of Mrs. C and an electric pump.

The very fact that the students questioned each other is also remarkable. The
students frequently pose questions or formulate explanations cast as questions.
Sometimes these questions are answered between members of the small group and other
times they remain unanswered. But it is easy to see how these probes help propel the
group along and force the students to think hard about the concepts under scrutiny.

Another strength of the Coaching Team revealed here is the group’s active

engagement around ideas. Students argue animatedly with each other and display
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impressive confidence. They stick up for their ideas, and persistently construct
explanations through the course of the small group time segment. In this example, Sarah
refines her ideas over the entire 14 minutes. Students appear to grasp ideas in a pattern
that is decidedly non-linear. They do not suddenly “get it,” nor is anyone completely lost
about what the substance of the lesson and the underlying principles the teachers
obviously were trying to impart. It is evident that the move to a highly sophisticated
level of understanding (one at which a learner can distinguish the nuances between
“Spencer in a bag” and “Bunnies in a jar”) is a process more like overlapping waves
rather than steadily ascending stairs.

The picture painted above which shows the quality of learning and the nature of
the small group work in the ‘““Farside” classroom is illustrative of the practice in the
classroom year round. The students exhibited the same patterns of talking and listing to
each other every time they met in their Coaching Teams. The teaching that frames the
student work along with the multiple examples of students’ engaged in Coaching Teams
forms the bulk of my dissertation. The case study illustrates how Coaching Teams have

culture, a direct result of the larger classroom culture.
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Chapter Two
Properties of Light: Challenges of Physics Concepts in the Elemen Grades

Introduction

The knowledge we are trying to impart in elementary science education falls into
two categories — content knowledge and process knowledge. Content knowledge can be
described as the actual ideas, concepts and facts of the discipline. Process knowledge
might be described as the manner in which the content is learned, discovered or studied.
For instance, Newton’s Laws are concepts. In order to study this content we need
knowledge of methods for data collection on moving objects, friction or drag coefficients,
as well as skills necessary to engage in inquiry about the subject. Content is what is to be
learned and process is the manner in which the content is to be taught -- observing, data
collecting, inferring, summarizing, hypothesizing, measuring, testing, etc.

What makes teaching science concepts so difficult anyway?

Among the three basic categories of sciences content—earth, life and physical--
physics is generally considered the most rigorous of all. Light and its properties (how
light behaves, what light consists of, how light travels) is especially challenging to teach
to children in elementary school. If a teacher merely wanted students to memorize facts
about light, such as that light travels at a particular speed, then teaching about light might
not be so hard. But because the ultimate goal of science teaching ought to be a grasp of
concepts, not just the development of a mental database of memorized facts, teaching

about light is a formidable task.
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Another difficulty with teaching and learning science content is that concepts are
often counter-intuitive (Tobias 1991). As Duschl explains, “The educational path to
understanding the nature of science is a path that requires an epistemological break with
common sense, or what I refer to as a boundary crossing from sense perception ‘folk
explanations’ to theory-driven science explanations,” (Duschl 2000). It seems logical for
instance, that the phases of the moon are caused by the earth’s shadow, because the shape
of some phases is crescent-like. We would expect such to be the case because the earth is
round. This is not, however, the explanation. The phases of the moon have nothing to do
with the earth except that we see the moon from our position on earth’. Nonetheless,
children and adults often explain the phases of the moon through the “shadow from
earth” theory.

Teaching and learning about science is rendered even more difficult because
phenomena to be studied are often impossible to see, touch or feel. In the field of life
science, for example, viruses, microbes, and cellular activity require very specialized
equipment to observe. The same is true of astronomy. Both cellular and planetary
activity remain, for the most part, elusive and abstracted topics because of the almost
unimaginable sizes or the fantastic distances we have to grasp in order to fully
comprehend the c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>