


Thomas’s scores also varied from the class averages. He used guess and check, but did
not identify this in his writing. This is why he received a two in this category. Thomas was able
to find the correct solution, but his work does not show every step in getting this solution. His

work also tends to be more disorganized, making it difficult to follow the order in which he

worked (see Figure 12).

Figure 12: Thomas’s Work on the Earnings Problem
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Thomas’s explanation and justification also received a low score. His explanation is very
limited. He only described three things: his use of operations, the mistake he made, and that he
did 24 divided by 6 to get the answer of 4 hours a day. His justification is completely lacking.
Karen had scores equal to or above the class averages. Karen, like her classmates, used
the guess and check strategy with operations. She properly identified this and received the full

three points for this category. Karen also found the correct solution (see Figure 13).

Figure 13: Karen’s Work on the Earnings Problem
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Only two of Karen’s guesses are seen. There were eraser marks on her paper indicating that she
had guessed other numbers first. Karen wrote a strong explanation and justification. She
properly identified the numbers she used and the reasons for the operations chosen and did this
for each step she took. She only made two errors. The first was a misidentification of one of the
24’s as dollars instead of the number of days worked per month. She also wrote the wrong

number as her solution in the explanation.

Barbeque Problem from Math Journal

The second problem chosen for analysis from the math journal was given to the students
two weeks after the last problem analyzed. It was the last problem they solved immediately
before Christmas break. This was also the last problem given before | added more discourse to
problem solving. Up to this point, the class had been discussing the problem as a class upon
completion, but | had not focused greatly on my leading and student participation in the

classroom discourse.

Student Work Analysis

The problem given to the class was:

Hannah sold $65 worth of barbecue tickets. Adult tickets cost $4 each and
children’s tickets cost $3 each. How many adult tickets could Hannah have

sold? Is there more than one possible solution to this problem?
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The class was given this problem to solve in their math journals. Very little instruction was
given at this point other than reading through the problem. This is because the students have
solved a variety of problems with the same expectations for each so that it has become routine in

the class.

The class scores were collected and averaged for analysis and are found in Table 9.

Table 9: 6th Grade Averages - Barbecue Problem

Characteristics Score
Problem 1
Exploring the Problem 2.7
Planning a Solution 3
Solving the Problem 2.8
Explanation of Work and Solution 1.5
Total Score 10

Even though much of what was expected of the students in problem solving had become routine,
occasionally students forgot to underline the important information. One student out of the ten
forgot to do this for this problem, lowering the average to 2.7. The students were expected to
underline the important information as part of exploring the problem. The students were all
successful at selecting an appropriate strategy. All ten students again used guess and check. The
students all implemented the strategy correctly as well.

Some of the students had begun in the problem-solving unit to not clearly identify the

solution they found. As a result, the average score for solving the problem was 2.8. By this
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point in our work on problem solving | had determined that the students were still struggling
with justifying their work. Their explanations seemed to be good, but their writing was lacking
the reasons for their work. Only a few students were still struggling with the explanation part.
This is why the class average was 1.5.

Laura, Thomas and Karen’s work were again used for analyzing. Their scores were

compared to the class averages. The scores for these students can be found in Table 10.

Table 10: Student Scores - Barbeque Problem

Characteristics Laura  Thomas Karen
Exploring the Problem 3 3 0
Planning a Solution 3 3 3
Solving the Problem 3 2 3
Explanation of Work and Solution 1 1 2
Total Score 10 9 8

Laura, like the rest of the class, used the guess and check strategy to solve this problem.
As you can see from her work, some of her guesses were scribbled out as she realized they were

incorrect (see Figure 14).
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Figure 14: Laura’s Work on the Barbeque Problem

The students had been asked not to cross anything out, so | made a note in her journal concerning
this. She did find the correct solution like all of her classmates. Laura was one of the students
who struggled with explaining as well as justifying. She basically listed out the operations she
undertook but gave no reasoning for them. This has been evident in the last two problems Laura

has solved. She writes expressions in her work as an explanation for what she did rather than
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using words. In answering the second question of the problem, Laura had found another
solution, but it was not clearly justified either.

Thomas also used the guess and check strategy. When he solves problems, his work
tends to be all over the page, which makes it difficult to follow and find the solution (see Figure

15 - 16).

Y

@

Figure 15: Thomas’s Work on the Barbeque Problem
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Figure 16: Thomas’s Work on the Barbeque Problem

Thomas explained how he approached the problem at first and then how he changed it because it
“didn’t work”. From this he jumped to stating his solution. There was no explanation of what
operations he used or steps to get the solution and therefore did not justify either. Thomas seems
to be consistently struggling with this portion of the problem solving. He did run out of time and
was unable to find a reason for the answer to the second question to be yes. But I do not think
that is this is the reason his writing is so poor. For some reason, he does not seem to grasp what
to write even though it was discussed after each problem and | made notes on all of his work.
Karen was the one student who forgot to underline the important information. This
happens very rarely for this class because it has become routine for them. Karen happened to
forget on this day. She also used the guess and check strategy and found two solutions in order

to answer both questions. Karen’s work and explanation are in Figure 17 and 18.
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Figure 17: Karen’s Work on the Barbeque Problem
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Figure 18: Karen’s Work on the Barbeque Problem

It is evident from Karen’s work that she did some of the work in her head. In the first solution
she found, she demonstrated that after 14 adults, there was $9 left. The price of child tickets was
$3 so she assumed that meant three children went. She did not show any work to demonstrate
this step.

Karen had a fair explanation and justification, but was missing a few things. There were
some minor mistakes in her word choices, but what she was trying to explain was clear that she
understood. She also did not write what each number meant in her work, which she has done in
the past. She also neglected to explain the second solution she found in order to answer the

second question.

Conclusion

All three of these students, like the rest of the class, were able to use an appropriate

strategy for solving the earnings problem. Thomas, for some reason, did not identify that he had
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used this strategy. This was a problem for only one other student. As a whole, the class was still
able to identify appropriate strategies without reminders or hints. The explanation and
justification still seemed to be a difficulty, even after completing the unit. For the most part, the
class seemed to explain well, except for Thomas on this problem. The difficulty for many of
them is identifying what the numbers mean in their work. They also struggled with justifying
operations. Karen was one of the students in this class that was most successful. Laura had also
shown improvements her explanations and justifications.

All three students, as well as the class, selected and implemented correctly an appropriate
strategy for the barbecue problem as well. This again goes back to the instruction they received
during the unit. Selecting a strategy is not difficult for them.

The students still are consistently struggling with the explanation, justification, or both.
There was a slight improvement from the assessment problem to the first problem in the journal.
However the score dropped again for the second problem studied from their journals. These
problems both required the use of operations to solve. The students demonstrate that they know
which operations to use in solving the problem. They do not, however, have the ability to
verbalize the reasoning for their usage or what the numbers in the problem mean.

Upon completion of this section of the data collection, the students were asked to write in
their journals about how they think problem solving in their journals had helped them. They all
said that it had helped them in some way to improve their skills. Laura stated, “ I still need to
work on the writing.” She felt that she had improved in everything but still needed to work on
the writing portion of problem solving. Karen recognized that she was learning how to use
different strategies and was improving in her performance. She also recognized that the rubric

helped her to see “my score and notes | can find out what | need to work on.” Thomas’s was
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interesting. The only improvement he saw was in exploring and planning the problem. Thomas
stated, “Now I go through look at the problem pick out the important information and select a
strategy to use.” | would agree that these are his strengths as well. What these students have

written supports what their scores and work have shown as far as their performance.

Discourse in Problem Solving

As the last two sections have shown, the students’ problem solving skills in exploring the
problem, planning a solution, and finding a solution either improved or continued to be a strong
area. This indicates that heuristic instruction and problem solving in the journals helps their
problem solving skills. Due to a lack of verbal emphasis on explanation and justification, this
area was still a struggle for the class as a whole. As a result, | began to work more on the
discourse and verbalization in problem solving to see if that would impact their performance in
explaining and justifying.

As the class started solving problems in their journals after the problem-solving unit, the
students discussed the problem as a class. Very little discussion took place though. The focus
was primarily on the strategy used. Students were selected to show how they solved the problem
on the board and to verbally explain to the class what they did. Other students were selected if
they had chosen a different way to solve the problem. Discussion focused on the similarities and
differences in those strategies. There was little emphasis placed on explanation and justification.

As a result of continuing low scores in this area, | realized that | needed to make
improvements in the discourse. | began by having students read their explanations and

justification aloud. The rest of the class was instructed to listen. They were then asked, upon
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listening, if the explanation and justification was clear and strong enough. Conversation would
then follow on what was good and ways to improve. | eventually also added the demonstration
of work back into the discourse along with the verbal reading of the explanation. Discussion
would follow on the strengths and weaknesses of the explanation and justification. This
discussion would also include similarities and differences in the various strategies used as well as
how those individual students had looked at the problem.

Recordings of various class discussion of a problem were analyzed for whole class
involvement as well as the involvement of the three students whose individual work has been
analyzed. My goal was to have less instruction and questioning by me, and more participation
and leading of the discussion by the students. This in turn would hopefully lead to improvement
in their explanation and justification skills. Therefore, one problem at the end of several weeks

of discourse was again analyzed based on the scores the students received using the rubric.

Discourse Analysis

As discourse was emphasized more in the problem solving, the focus was first on the
strategy usage. Upon completion of a problem, students were asked to show their work on the
board. Student selection was based on the use of a different strategy. The first problem covered

at this point allowed for variety. The problem was:

From the bottom of a thirty-foot hole, a frog can climb up four feet each day, but
slips back two feet each night. In how many days does the frog escape from the

hole?
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Three students demonstrated their work on the board. One used operations, another used a list,
and the third made a number line. The students each explained verbally how they solved the
problem, but did not read the explanation from their journals.

Student participation in the discourse was relatively little to the amount that | talked.
Several students did ask questions and participate in discussion. Questions that were asked
included:

1. “How did you find 15 days?”

2. “Why did you do it like that with your chart and all?”

3. “Why did you do it?”

This was the students’ first attempt at creating discourse in the classroom. The questions tended
to be more about choices than about the process or the understanding.

My participation in the discourse was much greater than the students. | asked questions,
explained student work, and clarified or restated statements made by students. | was trying to
demonstrate for the students what type of questions they could ask. My questions also focused
on creating deeper understanding. | asked about the similarities and differences in the strategies
selected. The class, as a whole, answered questions.

As we continued on with solving other problems, students began to participate more and
ask questions themselves. One problem in particular involved fractions. One student, who had
gotten the solution wrong, asked a question of another student’s solution. He stated, “I don’t
understand, like when Marcus has ¥4 why wouldn’t it be 1/3 because there was, um..., um, well
if he got half of it, then there was like a half left, and then Jan would have had the other piece in
the middle, so why wouldn’t it be 1/3?” This student had changed the whole to what was left

each time rather than leaving the whole as the original pizza. The student at the board
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responded. She restated that the half was taken, leaving half behind and then she gave a half of
that half away. Unfortunately, the student still did not understand. 1 restated at that point to
help. I also reemphasized the half of the half, but | added to this statement that this was of the
original whole pizza. This meant there was ¥4 of the pizza left of the whole, rather than 1/3 or
one of three pieces.

The questions had become more about understanding than about strategy choice. My
questions continued, but they continued to improve in terms of looking for or leading to greater
understanding.

After several problems, | recognized that the students were still struggling with
explanation and justification. | decided to alter the discourse for a while. The students seemed
to demonstrate the ability to select an appropriate strategy, so we did not focus on this in
discourse for several weeks. Instead, | began to have students read their explanation and
justifications aloud to the class.

The idea was for students to begin to recognize good explanations and justifications. In
order to do this, 1 would ask for a student volunteer to read their explanation aloud. Upon
reading, | would ask the class two questions.

1. Do you think this was a good explanation?

2. Do you think there was good justification?

The questions would be worded differently at times. It was also difficult for the students to listen
to an entire explanation at one time and then answer these questions. | would usually have the
student go back and read parts and then ask the questions for each section. If the answer to either

of these questions was no, the class would then discuss what improvements could be made.
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After focusing discourse on the explanation and justification for several problems, | then
combined the two focuses of discourse together. Students were selected to show work on the
board and read their explanation and justification aloud. On occasion, the students would begin
the discussion by stating that they did not understand something shown in the work or written in
the explanation. This occurred in the last recording done for research. The student at the board
would then reply. If the students did not start the conversation, | would ask if any students had
questions. If not, we would move on to discuss the explanation and justification as we had in the
past. The final questions related to the similarities and differences in the strategies used and how
the student viewed the problem.

I had added one more aspect to improve their explanations and justifications. One
problem the students had consistently was that they never read over the work themselves to catch
any mistakes or lack of explanation and justification. As a result, | began having the students
exchange their journals to be looked over before the journals were scored and before we talked

about them as a class.

Student Involvement in Discourse

There were ten students participating in these discussions on problems. All of the
students participated at some point due to being called on to participate. There were eight
students who participated regularly on their own accord. One student participated less on his
own and the last students only participated when called upon.

There were three students whose work has been analyzed throughout my research. Their

participation in discourse was also tracked throughout the discussions. Laura participated on a

95



daily basis. She would volunteer to read her explanation and justification, she would ask
questions, and she would participate in the discussions on how to improve explanations. Karen
participated just as much as Laura and in the same aspects. These two students were willing to
participate and read even if they knew their work was not perfect. They had an interest in
improving. Thomas did not participate as regularly. Thomas tended to offer solutions when he
knew he was right. He never volunteered to read his explanation and justification aloud.
Thomas has had difficulty writing explanations and justifications since the beginning, which

could explain his reluctance to participate.

Student Work Analysis During Discourse

Upon completion of data collection from the student journals, | had recognized some
common themes in the student work. The students were able to select an appropriate strategy
and use it to find the solution. There was, however, a continued weakness in their explanations
and justifications. It was at this point that discourse became part of my research focus. | wanted
to see if it would help to improve my students’ performance in problem solving.

The last problem given before discourse began was used in previous analysis. The scores
for this problem, the barbeque problem, are listed again in Table 11. Included in this table are
the average scores from the last problem given as part of the research on discourse. | used the
scores from these problems for analysis on the improvement or lack of improvement in problem

solving.
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Table 11: 6th Grade Averages - Journal Problems Before and After Discourse (Barbeque and

Clock Problem)

Characteristics Before After
Discourse  Discourse
Exploring the Problem 2.7 2.7
Planning a Solution 3 2.8
Solving the Problem 2.8 2.8
Explanation of Work and Solution 1.5 2.4
Total Score 10 10.7

The last problem given to the students as part of my research was:

A clockmaker must wind his clocks on a regular schedule. He winds part of his
clocks every two days, part of his clocks every three days, and part of his clocks

every five days. How often must he wind all of his clocks on the same day?

The class, except for one student, consistently did well with exploring the problem. Cathy was
the student in the class who forgot to underline the important information and put little effort into
her work. She rushed to get things done and did not remember to do things that are expected of
her. Cathy needs constant verbal reminders. Even though underlining the important
information had become a norm for the rest of the class, it had not for her.

The scores for planning a solution had dropped a little due to one student as well. This

student had listed logical reasoning, draw a picture, and make a list as strategies used. In looking
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at her work though, the list was the only strategy she used. Therefore, she lost a point for
selecting an appropriate strategy.

All but one of the students in this class had used some form of a list to solve the problem.
The lists all appeared in vertical columns except for one student who listed the days clocks were
wound horizontally. The one student who did not use a list drew a picture. Her picture was
based more on the days and what clocks were wound. The day she drew all three clocks was the
solution to the problem. All the students who made the lists looked at the clocks individually
and had to find the day they all matched. This difference was part of the class discussion on the
problem.

All of the students had identified the correct solution. However, one of the students had
not found the solution based on work. Cathy is a student who has repeatedly put little effort into

solving a problem (see Figure 19).
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Figure 19: Cathy’s Work on the Clock Problem

Cathy’s lack of effort was the reason the average score was lower. Her work was not complete.
She did not take the time to think about this problem and as a result got a hint from one of her

classmates. She then did not finish the work but figured the solution out in her head.
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Explanations and justifications for the class had improved since the beginning of
discourse. All but one of the students had written a fairly good explanation and justification.
This student was again Cathy. Her explanation and justification are included in Figure 19.

Little effort was put into understanding this problem. She started to use a strategy that
would have helped her find the solution, but she did not complete it. Her explanation was based
on the hint she had received from a classmate but it was not justified in her work or writing.

As stated earlier, Cathy’s scores had a great impact on the class averages for this

problem. The class averages are shown below in Table 12 with and without Cathy’s scores.

Table 12: 6th Grade Averages - Clock Problem With and Without Cathy's Score

Characteristics With Without
Cathy’s Cathy’s
Score Score
Exploring the Problem 2.7 3
Planning a Solution 2.8 2.8
Solving the Problem 2.8 3
Explanation of Work and Solution 2.4 2.8
Total Score 10.7 11.6

Cathy’s score had caused the averages in exploring the problem, solving the problem, and
explanation to be lower. The class overall, therefore demonstrated more improvement in their

problem solving skills than was evident with her work included.
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Individual Student Work Analysis

After analyzing the class as a whole, the individual work of three students was again

analyzed. The work of Laura, Thomas, and Karen were again used for this. Scores they

received on this problem are found in Table 13.

Table 13: Student Scores — Clock Problem

Characteristics Laura  Thomas Karen
Exploring the Problem 3 3 3
Planning a Solution 3 3 3
Solving the Problem 3 3 3
Explanation of Work and Solution 3 3 3
Total Score 12 12 12

Thomas, Laura, and Karen scored at or above the class averages. Laura had used the list strategy

to help solve this problem (see Figure 20).
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Figure 20: Laura’s Work on the Clock Problem

She made a column for each of the different clocks and listed the multiples of the days each was
wound. She found the common day was 30. Her explanation and justification were also very

clear. She even used the term multiples to explain and justify what she did.

Karen also used the list strategy. Her work however had one additional column (see
Figure 21).
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Figure 21: Karen’s Work on

the Clock Problem

Karen was one of the students who volunteered to show her work on the board to the class. In

explaining her work to the class, she had thought orig
an entire row. She realized as she solved the problem

same row to be the same day. She stated that her first
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solution. Karen’s explanation and justification was also very clear and well written. She also
used the term multiple in her writing.

Thomas struggled a little at first with this problem. The first strategy he selected was to
draw a picture. He then realized that his picture was not helping him to find a solution. At this
point he asked me for some help. | asked him what other strategy might be useful and he
selected the list. He then created lists for each of the different clocks knowing that he was

looking for the day they had in common (see Figure 22).
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Figure 22: Thomas’s Work on the Clock Problem

Thomas’s explanation and justifcation were also much stronger than he had really written before.
He had made more of an effort in this problem. It also helped that the class had exchanged
journals to read each other’s explanations. Thomas had written a fairly good and clear

explanation and justification to begin with. His classmate had made one recommendation which

led to the added statement on the left side of the page.
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Conclusion

Based on the holistic average for the class before and after discourse there was
improvement in their explanations and justifications. There would have been even more
improvement if Cathy had put more effort into problem solving. The class averages without her
scores demonstrated the level of improvement of the rest of the class. There was a definite
improvement in the explanations and justifications. This was related to the classroom
discussions on strategy usage, verbal readings of explanations and justifications, and the
exchanging of student writings before discussions.

The students also reflected on how discourse had helped their explanations and
justifications. Laura and Karen both wrote responses that said discourse had helped them.
Thomas was absent during this reflection and therefore, there is no comment from him. Laura
stated, “ Talking in class about justification and explanation has helped me a lot because | now
see better ways to justify something.” Karen also said the verbal discussion helped. She focused
also on the comments of her classmates. She stated that these comments “... helped me. |
learned how | can explain and justify my work better.”

This has completed my analysis of students work from the heuristic instruction of
problem solving to problem solving of journals and the use of discourse. The data demonstrated
that the students’ performance in problem solving had improved. The scores of the individual
students and the class averages demonstrated growth and improvement from beginning to end.
These scores were taken not only from the problem-solving unit, but also from problems solved
in the journals. There was a definite difficulty in teaching students to justify their explanations.

The students will continue to develop their skills in this as they continue to get more practice.
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The students’ reflective journal prompts also supported that the students had improved in their
skills. They themselves stated how they had improved. Finally, discourse was also key to the
improvement in their problem solving skills. It took verbal discussions of strategies, verbal
readings of explanations and justifications, as well as reading each other’s explanations in order
for the class to continue to improve in their performance.

In the next chapter | will discuss the data as a whole. | will identify common themes
throughout the data collection as well as report on any improvements made by the students in

their problem solving skills.
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CHAPTER 5: CONCLUSION

Introduction

NCTM has set four key standards for instruction in problem solving. These four
standards were related to building new mathematical knowledge, solving problems, applying a
variety of various strategies, and be able to reflect on the process of problem solving. In
reference to this last standard, communication is also very important (NCTM, 2000). In
accepting the importance of problem solving instruction, the purpose of this study was to observe
and examine the way that I instructed my students in problem solving and the impact of that
instruction on their performance in problem solving. The focus of student performance included
strategy usage, finding the solution, and providing appropriate explanations and justifications.
Throughout the research period, data was collected to assess student performance in problem
solving through the use of heuristic instruction with journaling and discourse. A problem-
solving unit was first taught to the class to introduce Polya’s four problem solving steps (Polya,
1957) and to teach various problem solving strategies heuristically. Journals were then used to
continue instruction and practice in problem solving. Problem solving prompts were given to the
students regularly to solve in their journals. These journals were also used as a means for
assessment, my own communication with the students regarding their work, and for reflection.
Finally, discourse was emphasized in the class discussions of problem solving in order to
hopefully continue improvement in performance. Student responses, a problem-solving rubric,
and recorded classroom discussions were analyzed to provide understanding and insights into

students’ performance in problem solving.
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According to Johnson (2008), action research “has the potential to change education, to
keep our teaching practices evolving”(p.214). Action research can help us to improve our level
of teaching in the classroom. With this in mind, | conducted action research in my 6th — 8th
grade advanced math classes. However, | only analyzed data from the sixth grade advanced
mathematics class. My action research included adding problem solving, journal writing, and
discourse as part of a regular routine during class time. By starting with the problem-solving
unit, I was able to introduce the importance and meaning of problem solving. | also introduced
some of the various strategies that could be used in problem solving. This unit also served as the
first introduction that all my students had to writing, explaining, and justifying within
mathematics. This unit provided an opportunity for me to model problem solving for my
students and for them to learn through imitation and practice (Polya, 1957). Instruction focused
on one strategy in each lesson. One example problem was worked together as a whole class. We
also completed the explanation and justification as a class as a model from which they could
learn. Assignments focused on individual strategies with the intent of students learning to
recognize problems for which the strategy could be used. These assignments, review sheets, and
the assessment from this unit were used for my analysis. | was able to use the rubric to evaluate
student work and determine any growth in their skills. Through reflection of student work
throughout this unit, 1 was able to recognize strengths and weaknesses that had developed. This
allowed me to then find ways to improve on their weaknesses. These changes were then made
during the time spent completing problem solving prompts in the journals. The same rubric was
used, but discussion was now included on the various strategies used. Instruction was still given
on the expectations for the explanations and justifications. As I continued reflecting throughout

this research, discourse was added, students began reading explanations and justifications aloud,
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and students read each other’s work for improvement. This constant reflection and focus on
improving my students’ performance in problem solving has improved my own teaching

performance by causing me to reflect in all areas of my instruction, not just on this one topic.

Problem Solving Unit

The main purposes of the problem-solving unit was to instruct students heuristically in
problem solving strategies and to introduce them to explanation and justification. Practice in
both areas was also the intent. Higgins (1997) had stated that teaching strategies heuristically
had its positives and negatives. | found this to be true in my research as well. By teaching
problem solving strategies heuristically, students did learn to recognize to an extent the types of
problems in which various strategies could be used . This was evident in the scores the class
received throughout the unit and journal writing. It was very rare for one of my students to
select an inappropriate strategy or implement it wrongly. However, | also saw the negatives to
teaching heuristically. Several students still looked first for an operation that could solve the
problem. There was also difficulty if the class as a whole did not immediately know the best
strategy to use. | believe they had learned and accepted that the solution would not be
immediately known; however, they had replaced this with the expectation that they should know
immediately how to go about solving it. One of my students would struggle and get upset if he
could not figure out the strategy right away. However, he would eventually determine a strategy
to use.

The result of teaching in this method also led to a lack of creativity in the use of the

strategies. This is similar to Higgins findings in her research (1997). The students rarely used a
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strategy other than those they received instruction on. However, as DeCorte (1995) and Hohn
and Frey (2002), and even Higgins (1997), found in their research, there were more benefits from
this. | believe this is evident in the fairly consistent scores my students received in this area of

the problem solving.

Writing

Greater value and importance has been placed on writing in mathematics (NCTM, 2000;
Pugalee, 2004; Rose, 1989). Writing instruction began in my research at the beginning of the
problem-solving unit and continues in my class currently. The students had great difficulty in
the beginning when writing was introduced. Many of them had never before been asked to write
during a mathematics lesson or instruction. The primary focus of their writing was on
explanation and justification but students were also asked occasionally to reflect, describe, or

define in their writings.

Explanations and Justifications

The most difficult area for my students to learn and improve in throughout the research
was in explanations and justifications. As the instruction and modeling of explanations and
justifications began, my students struggled in both areas. Their writings tended to be more
procedural and very limited. This supports research conducted by Yackel and Cobb (1995).
They argue that students have difficulty with this because mathematics lessons are taught very

procedurally. This very idea was discussed with my class as we talked about their continuing
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difficulties with explaining and justifying. They have been continuously taught procedures and
algorithms but rarely instructed as to why they do them or what the procedures may mean. My
students demonstrated their skills in exploring, planning, and finding a solution. However, they
struggled in explaining and justifying their solutions due to their lack of experience in writing
and the procedural instruction they had received previously.

Throughout the problem-solving unit, I modeled explanations and justifications as the
research has suggested (Martinez, 2006; Polya, 1957). By the end of the problem-solving unit,
the class had seemed to have a better understanding of the expectations for the explanations. The
students were writing out their process completely except for one or two who continued to
demonstrate a lack of effort in their work. However, as they began solving problems in their
journals, the students were still having difficulty with providing strong justifications, or their
reasoning, behind each step. Modeling did not seem to be enough. This indicated that heuristic
instruction with journal writing and without discourse does not help students in their
explanations and justifications, only in their problem solving skills.

Eventually, discourse was included more in the hope of improving their writing, but this
will be discussed more in the next section. By the end of the research | had noticed a trend in
their writing. The students were able to write strong explanations and justifications if fewer
operations were involved. If the problem could be solved with a strategy and a simple operation,
they were better able to justify. However, if the problem involved more difficult mathematical
concepts, such as fractions, the class did not perform as well in their justifications. This refers
back to Yackel and Cobb’s (1995) research, that math is taught procedurally. The students lack

enough conceptual understanding and that directly affected their ability to explain and justify.
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But, again, lack of experience could also be part of the problem. These both provide reasons that
modeling explanations and justifications was not enough for the students.

Writing also served as a means of assessment not only in problem solving but in student
understanding (Baxter et al., 2005; Burns & Silbey, 2001; Doerr, 2006). This research is
supported by my own research in identifying my students’ weaknesses in conceptual
understanding. | was also able to use student reflections and writings for assessment. For
example, the sixth grade class was asked to explain the difference between a factor and a
multiple. My students had great difficulty with this. The last problem used as part of my
research demonstrated that several of my students had developed a greater understanding of what
these terms meant when they used the term multiples in their explanation. | was able to assess

their understanding of these concepts through their writing.

Discourse

Discourse plays an important role in the development of conceptual understanding
(Pugalee, 1999). This practice was also important to improving student performance in problem
solving. It allowed for students to discuss various strategies and solutions. It can also help in
improving explanations and justifications.

When | began discourse, | was very worried about implementing it correctly. The reason
for this was as Breyfogle (2005) found in his research, few teachers have received instruction on
how to implement this in the classroom. | had received very little and was somewhat unsure of
myself. We began by discussing various strategies used for the problems the students solved. 1

also encouraged the students to begin asking questions. The sixth grade class began this
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immediately, however, their questions were very procedural and not conceptual, which supports
research conducted by Williams and Baxter (1996). There was little focus on the explanations
and justifications at first, but as | became more comfortable, I included this in our discourse.
Students read their explanation and justification aloud and the rest of the class was encouraged to
identify whether or not the writing was strong and clear. They were also encouraged to suggest
to their classmates possible improvements. Students had also begun asking questions for
clarification and understanding. By the end of my research, we had included both of these topics
in our discussions. | think the discourse helped them to improve their problem solving skills in
terms of their writing. As seen at the end of my research, my students had improved in this area
overall.

I have become more comfortable with discourse in my classroom and attempt to
implement it in other areas besides problem solving. However, | know this is a practice | have
not perfected and will continue to use it. Hopefully, as | become more comfortable with it, my

students will as well and will continue to re-develop their own role in the classroom.

Norms

The most important aspect of this research has been in the area of social and
sociomathematical norms. The establishment and development of norms is key to helping
students think more conceptually and supports higher levels of thinking (Yackel & Cobb, 1996).
There were several practices related to problem solving that have became norms in my
classroom. The first was that students were expected to identify all information in the problems

before they began solving them. The students were instructed to underline the information.
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Most of my students remembered this each time they solved a problem. Occasionally, one or
two students forgot because they were not given a verbal reminder.

Another norm that was established in problem solving was writing acceptable
explanations and justifications. The students worked on this a great deal and knew that it was
expected each time they solved a word problem. As this norm continued and developed, the
student comfort level and performance also improved.

Discourse has also been established as a norm. The students knew that after a problem
was solved the class would discuss the various strategies implemented, the solutions found, and
identify acceptable explanations and justifications. | realize that these norms will continue to be

established and negotiated (Yackel, 2001; Yackel & Cobb, 1995, 1996).

Recommendations

There were several limits to this research. First, the sample size was small. It would be
beneficial to conduct this research on a larger sample and to see the results. This research was
also conducted in a small parochial school. It would also be beneficial to conduct this research
in the public school system.

Another limit to my research included the problem-solving unit itself. The students
received two weeks of instruction on problem solving without any breaks. | believe this caused
some students to look more negatively on problem solving and this might have impacted the
data. As | begin instruction in this next year, | plan to teach one problem solving strategy per
week. This will mean the unit takes longer to get through, but | feel student attitude towards it

would improve.
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There were also various factors that had an impact on my data. | felt some of the
problems chosen for the problem-solving unit and the prompts may have impacted my data. The
most appropriate strategy to use was very evident in some problems. This led to the entire class
solving the problem the same way on several occasions, which then affected the classroom
discourse. However, this indicates that students were able to recognize typical examples of each
problem solving strategy without difficulty. This indicates that heuristic instruction did have a
positive impact. As | continue teaching, | will continue collecting problems that can be used so
that | have a greater selection to pull from. Obviously the students recognizing which strategy to
use is a positive to the instruction, but selecting problems for which various strategies could be
used would improve their skills even more.

One final factor that had an impact on my research was Cathy. Cathy rarely put forth any
effort in solving the problems as well as writing explanations. As seen in the last problem
analyzed, this had a great impact on my data. Every class will have at least one student similar
to Cathy. | would recommend identifying these students early and begin working with them
individually. The personal attention in this might help them to realize that, as the teacher, my
requirements will be met and they will learn early to make the effort.

Another recommendation | have pertaining to this action research is more time. | am
interested to see where my students will be at in their performance by the end of this year,
especially since much of what was expected of them was very new. | also would recommend
starting immediately at the beginning of the school year.

One final recommendation that | have pertains to the use of discourse. | focused on
discourse after the students had completed a problem-solving unit and moved on to solving

problems in their journals. This did provide information as to how discourse affects explanations
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and justifications. | would recommend a strong focus on discourse from the beginning of
instruction. As | continue my instruction in this area and am now more comfortable with it, |

will include discourse from the beginning.

Discussion

Problem solving, writing, and discourse are all very important aspects of the mathematics
classroom. Literature describes their importance not only in the mathematics classroom but
outside of it as well. With greater value being placed on these, more and more research is being
conducted; however, there is still a need for further research on these three practices at the
middle and high school level.

Through my research, | was able to study the affects of these practices on my students’
performance in problem solving. The problem-solving unit improved my students’ performance
in selecting and implementing appropriate strategies. This unit and word problem prompts in the
journals, as well as teacher modeling, improved my students’ performance in writing acceptable
explanations. Discourse was the practice that helped to improve the justifications in their
writings. The sequence in which I conducted this research had an impact on my student
performance in problem solving tasks. Each focus built off of the previous. In this, my students
skills and performance improved as each focus was added to the research.

I plan to continue this practice in future years of teaching. As | continue this, my own
comfort level in writing in math and leading discourse will improve. The students and I will
continue to develop our new roles in the classroom. 1 also hope that as | continue this instruction

in problem solving, the students will continue to improve in their performance, as most of them
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have instruction from me for all three years of middle school mathematics. As stated earlier,
most of these practices were very new for them. The continuity of teaching in this manner will
continue to develop their own conceptual understandings of mathematics and lead them to

becoming better problem solvers both in and out of the classroom.
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. What do you like about math?

. What do you dislike about math?

. What does problem solving mean to you?

Do you think calculators should be used in math class? Why or why not?
. What do you think about showing work for math?

. What did you learn today?

. What did you not understand about today’s lesson?
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8.

9.

Was that a good explanation?

Was that a good justification?

Do you understand what was said?

Do you agree?

Do you disagree?

Reasons for agree/disagree.

How are the two strategies used similar or different?
Why does the strategy (not) work?

Explain what you did.

10. Why did you choose this method?

11. Can you solve it in a different way?

12. Can someone restate what said?
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. A toy shop makes tricycles and four-wheel wagons. Seven customers ordered six items
each. Every order was different. How many wheels were needed for each customer?
Hannah sold $65 worth of barbecue tickets. Adult tickets cost $4 each and children’s
tickets cost $3 each. How many adult tickets could Hannah have sold? Is there more
than one possible solution to this problem?

. Jan sat down to eat a whole pizza. Barry asked for some, so Jan gave Barry half. Marcus
also wanted pizza, so Jan gave Marcus half of what was left. Then Nina asked for pizza
too, so Jan gave Nina half of what was left. Next Demetrius asked for pizza, so Jan gave
him half the remaining pizza. How much pizza did each person get?

. A jigsaw puzzle has 50 borer pieces and other non-border pieces. If each piece is one
unit in length, how many units wide and how many units long could the puzzle be? Is
there more than one possible answer? Explain.

. A zookeeper is ordering food for the zebras. She knows that three zebras eat 25 pounds
of hay every three days. How much hay should she order for 12 zebras to have enough

hay for 30 days?

124



APPENDIX D: ANALYTIC PROBLEM SOLVING RUBRIC

125



Analytic Problem Solving Rubric

Characteristics Score | Criteria
Exploring the 3 Identifies the necessary information and question to be
Problem answered AND illustrates the problem when necessary
2 Identifies most of the necessary information and question to
be answered
1 Only identifies the necessary information OR the question to
be answered
0 Does not identify information or the question
Planning a Solution 3 Selects and implements an appropriate strategy
2 Selects an appropriate strategy but does not implement
correctly OR selects incorrect strategy but implements it
1 Wrong strategy selected
0 No attempt made
Solving the Problem | 3 Work shown and correct solution
2 Work shown with minor computation error OR not enough
work shown
1 Work shown but incorrect solution OR gives solution but no
work
0 No work or solution
Explanation of Work | 3 Gives solution with complete explanation of work, AND work
and Solution is neatly presented
2 Gives solution with limited explanation, AND work is neatly
presented
1 Gives solution with limited explanation
0 Gives solution with no explanation
Total Score
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Informed Consent io Coniduct Research
Frincipal Consend

June 28, W7

Dhear D, Shaffer,

This coming school year, | will be conducting an action research project in oy
chassroom on the effects of journal writing and discourse on student performance in
problem solving. This study is a part of my Master's program in K-8 Math and S<ience
Education al the University of Central Florida. You wre being asked 1o give your consent
to allow me 1o conduct my rescarch with my class for the 2007-2008 school year.

[duering my study, | will be audio taping whole class discussion and small focus
group interviews. | will also use the siudents’ purmals, which will inchsle problem
solving and reflection. In addition, homework and class work will be wsed as data for
analysis. All of this daia will be collected from the various math classes that | teach 1o
the middie schoal.

1 will be obtaining informed coment from my students’ parents allowing their
children to participate in the study and to be audio taped and for my use of their purnals
and work, The letter of consent will also explain the purpose of the study mnd my
expectations of the students, Participation in this study is not mandatory. They will then
be infiormed that if they do not give permission, the students will siill have to do the sune
work, it just will not be wsed in my study. Math grades of those students not participating
in the study will not be affected.

I do not anticipate any risks 1o my students during this study other than the
possibility of a break in confidentiality. Any data that | collect will be destroyed upon
completion of the study. Student names will not be used in my thesia. The key
identifying the students will also be destroyed wpon completion of ary study and thesis.

If you have any concerns or guestions about this study, you may also contact one
of my fsculty supervisors: Dr. Enrique Ortiz at 407-823-5222 or Dr. Janel Andreasen of
407-823-1378. Thank you for your support in this process.

Sincerely,
Melizsa Winttcop
My sigrasture helow indicates that | have recd and undersiand the deiwils of thiv study

and that | give consent for Mizs Melissa Wiltcop o condver research with her 6* - 8*
grode muth xtudents during the 20072008 schol year,

Losx_ 2L JROD.

Dr. Robert Shaffer | © Due
Principal, Trinity Lutheran Schoo
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Aupgust 2HIT
Dear Swaden,

Welcome to another vear of math class! [am very excied abous this year, As
some of you know, | am a graduate stisdens at the Universuy of Central Florida, 1 am
workmng o receive & Master's Degree in K-8 Math and Scbence Bducation. One of the
requirements for this program s that [ write a thesis. For me to do this, [ need 10 condoct
research about the way | each math. For me to study this, [ peed vour help. This vear
you ans going oo ose 2 math journal. | would like peroission to ose the writing and work
you put inthis. | would alse like permission 1o use vou homework and class work. [ am
also planning to avdio record some of the discassions we will have as a whisle class and
mervipws that [ will copdact with emall groups. Your journal will mclode peoblem
solving and refllections about math class. The mterviews will include questions about
class as well,

You do mot have o pariicipate m this study if you do oot want o, My goal in this
study 15 to book 8t cemain wavs that [ reach math. You and your work will also remain
confudential durmg my study and in oy paper. That means that yoor rame will moz
actually appear in my wiiting. The only people who will look at your work and listes to
your recordings will be my sopervisor and 1.

If you decide mot o pamscipate, you will sill meed o do this work inclass, [ juss
will not be able 1o use any of your work as data, These will be mo extra credit given for
partcipation, nor will your math grade be affected in any way.

Thank you!

Sliss Wincop

By signing below, [ am saving that | understand oy role 0 the study 1o be conducied by
roy teacher. [ have asked any questions that [ may have bad and they have been answered

s that [ understand what is capected of me, By sigiring, [ am saving that 1 am willing
and would like to parcipate i this stody.

Studeni Mare - printed

Srudest Mane - signed Date

5 Universicy of Central Florida IRB
L_U‘- IRS HUHBER: EBE-G7-05GHH
IRS APPROVAL DATE: B/L4/Z20D07
IRE EXPIRATION DATE: EBs713/30402
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Jessica has %2 of a candy bar and Ryan has 2/3 of a candy bar. How much do they have together?

Use the problem solving plan to solve. Explain and justify your answer.
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APPENDIX K: PROBLEM SOLVING REVIEW WORKSHEET
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6th Grade Review Sheet Name

Solve each problem using the 4-step plan. Choose the best strategy for each problem.
Remember to show your work and write an explanation and justification for your

solution.

1. Morey mowed half of Mickey’s lawn. Matty mowed ¥4 as much as Morey did.
Midge mowed twice as much as Matty. How much of Mickey’s lawn has not
been mowed?

2. Scott makes monthly deposits to his savings account. During the past four
months, he made the following deposits: $25, $30, $40, $60. If the pattern
continues, how much will Scott deposit in the tenth month?

3. Holly, Carlyle, Sarah Jane, and Bryan are competing in the Fourth Annual One-
Legged Race! They’re now on the last leg of the race. How many different ways
could they finish?
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APPENDIX L: PROBLEM SOLVING ASSESSMENT
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6" Grade Name

Problem Solving Test

Solve each problem using the most appropriate strategy or strategies. Be sure to

explain and justify your solution.

1. Mrs. Dixon and her family had traveled about 90 miles, or 2/5 of the way to the
campsite. How much farther do they have to go?

2. Crafty Corey is making costumes for the new play, Bugs on Broadway. It stars
the same number of 8-legged spiders as it does 100-legged centipedes. Corey’s
costumes have a total of 10,800 legs. How many spiders are in the show?

3. Carter Middle School has 487 fiction books and 675 nonfiction books. Of the
nonfiction books, 84 are biographies. How many books are not biographies?
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APPENDIX M: RESEARCH TIMELINE
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RESEARCH TIMELINE

Research Timeline Dates

Heuristic Problem Solving Unit (3 weeks) Oct. 18 — Nov. 9
Handshake Problem Oct. 18
Lawn Problem Oct. 29
Travel Problem Nov. 8

Problem Solving Prompts Solved in Journals (5 weeks)

Nov.12 — Dec. 14

Earnings Problem Dec. 4
Barbeque Problem Dec. 14
Problem Solving Prompts Solved in Journals with Jan. 7 - Feb. 15
Discourse Added (5 weeks) (no problems given during
exam week)
Clock Problem Feb. 14

144




REFERENCES

Andreasen, J. B. (2006). Classroom mathematical practices in a preservice elementary
mathematics education course using an instructional sequence related to place value and
operations. University of Central Florida, Orlando.

Bailey, R., Day, R., Frey, P., Howard, A., Hutchens, D., McClain, K., et al. (2006).
Mathematics: Applications and concepts course 2. New York: McGraw Hill Glencoe.

Baxter, J. A., Woodward, J., & Olson, D. (2005). Writing in mathematics: An alternative form of
communication for academically low-achieving students. Learning Disabilities Research
and Practice, 20(2), 119-135.

Breyfogle, M. M. L. (2005). Reflective states associated with creating inquiry-based
mathematical discourse. Teachers and Teaching: Theory and Practice, 11(2), 151.

Burns, M. (2004). Writing in math. Educational Leadership, 62(2), 30-33.

Burns, M., & Silbey, R. (2001). Math journals boost real learning. Instructor, 110(7), 18-20.

Cobb, P., Stephen, M., McClain, K., & Gravemeijer, K. (2001). Participating in classroom
mathematical practices. The Journal of the Learning Sciences, 10(1-2), 113-163.

Countryman, J. (1992). Writing to learn mathematics: Strategies that work. Portsmouth, NH:
Heinemann.

De Corte, E. (1995). Fostering cognitive growth: A perspective from research on mathematics
learning and instruction. Educational Psychologist, 30(1), 37.

Doerr, H. M. H. (2006). Examining the tasks of teaching when using students' mathematical
thinking. Educational Studies in Mathematics, 62(1), 3.

Ediger, M. (2006). Writing in the mathematics curriculum. Journal of Instructional Psychology,

33(2), 120-123.

145



Hake, S. (2007). Saxon math course 3: Harcourt Achieve Inc.

Hiebert, & Wearne. (2003). Teaching mathematics through problem solving. In R. I. Charles
(Ed.), Teaching mathematics through problem solving. Reston: National Council of
Teachers of Mathematics.

Higgins, K. M. K. (1997). The effect of year-long instruction in mathematical problem solving
on middle-school students' attitudes, beliefs, and abilities. The Journal of Experimental
Education, 66(1), 5.

Hohn, R. L., & Frey, B. (2002). Heuristic training and performance in elementary mathematical
problem solving. Journal of Educational Research, 95(6), 374-380.

Holliday, B., Cuevas, G., Moore-Harris, B., Carter, J. A., Marks, D., Casey, R., et al. (2005).
Algebra 1. New York: McGraw Hill Glencoe.

Johnson, A. P. (2008). A short guide to action reasearch (Third ed.). Boston: Pearson.

Kazemi, E. (1998). Discourse that promotes conceptual understanding. Teaching Children
Mathematics, 4(7), 410-414.

Kazemi, E., & Stipek, D. (2001). Promoting conceptual thinking in four upper-elementary
mathematics classrooms. The Elementary School Journal, 102(1), 59-80.

Kenyon, R. W. (1989). Writing is problem solving. In P. C. a. T. Vilardi (Ed.), Writing to learn
mathematics and science. New York: Teachers College Press.

Malloy, C., Price, J., Willard, T., & Sloan, L. (2005). Pre-algebra. Columbus: Glencoe McGraw-
Hill.

Martinez, M. E. M. (2006). What is metacognition? Phi Delta Kappan, 87(9), 696.

Nathan, M. J. M. (2003). A study of whole classroom mathematical discourse and teacher

change. Cognition and Instruction, 21(2), 175.

146



NCTM. (2000). Principles and standards for school mathematics. Reston: National Council for
Teachers in Mathematics.

Niemi, D. D. (1996). Assessing conceptual understanding in mathematics: Representations,
problem solutions. The Journal of Educational Research, 89(6), 351.

Polya, G. (1957). How to solve it: A new aspect of mathematical method. New York: Doubleday
Anchor Books.

Pugalee, D. K. (1999). Constructing a model of mathematical literacy. Clearing House, 73(1),
19-22.

Pugalee, D. K. (2001a). Using communication to develop students mathematical literacy.
Mathematics Teaching in the Middle School, 6(5), 296-299.

Pugalee, D. K. (2001b). Writing, mathematis, and metacognition: Looking for connections
through students' work in mathematical problem solving. School of Science and
Mathematics, 101(5), 236-245.

Pugalee, D. K. (2004). A comparison of verbal and written descriptions of students' problem
solving processes. Educational Studies in Mathematics, 55(1-3), 27.

Rasmussen, C., Yackel, E., & King, K. (2003). Social and sociomathematical norms in the
mathematics classroom. In H. L. Schoen (Ed.), Teaching mathematics through problem
solving grades 6-12 (pp. 143 - 160). Reston: National Council of Teachers of
Mathematics.

Rickard, A. A. (2005). Evolution of a teacher's problem solving instruction: A case study of
aligning teaching practice with reform in middle school mathematics. Research in Middle

Level Education Quarterly, 29(1), 1.

147



Rose, B. (1989). Writing and mathematics: Theory and practice. In P. C. a. T. Vilardi (Ed.),
Writing to learn mathematics and science. New York: Teachers College Press.

Santos-Trigo, M. (1998). Instructional qualities of a successful mathematical problem-solving
class. International Journal of Mathematical Education in Science and Technology,
29(5), 631.

Whitenack, J. W., Cobb, P., & McClain, K. (1995). A preliminary report of a first-grade
teaching experiment: Mathematizing, modeling and mathematical learning in the
classroom microculture. Paper presented at the Proceedings of the Annual Conference of
the International Group for the Psychology of Mathematics Education, Brazil.

Williams, S. R., & Baxter, J. A. (1996). Dilemmas of discourse-oriented teaching in one middle
school mathematics classroom. The Elementary School Journal, 97(1), 21-38.

Yackel, E. (2001, July 12-17, 2001). Explanation, justification, and argumentation in
mathematics classrooms. Paper presented at the International Group for the Psychology
of Mathematics Education, Netherlands.

Yackel, E. (2002). What we can learn from analyzing the teacher's role in collective
argumentation. The Journal of Mathematical Behavior, 21(4), 423-440.

Yackel, E., & Cobb, P. (1995). Classroom sociomathematical norms and intellectual autonomy.
Paper presented at the Proceedings from the Annual Conference of the International
Group of Psychology of Mathematics Education, Brazil.

Yackel, E., & Cobb, P. (1996). Sociomathematical norms, argumentation, and autonomy in

mathematics. Journal for Research in Mathematics Education, 27(4), 458-477.

148



