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Abstract

To be a successful mathematics teacher is my greatest challenge, and I aim to do just that.  Learning theories guide me to see and understand how students react the way they do.  These theories, along with my teaching philosophy, serve as a vehicle that can help me guide students toward their academic goals.  In addition, my understanding of mathematics content, as well as mathematics education research and study, has helped me make effective decisions on how to direct those young learners.  The Principles and Standards for School Mathematics by the National Council of Teachers of Mathematics (NCTM) is a rubric that allows me to ensure that my students reach their academic goals. This essay is intended to reflect my journey in becoming a successful mathematics teacher.  

Introduction 
Seven years ago, I was a math teacher in one of the most popular private schools in Thailand.  Unlike in the United States, the Thai curriculum did not separate the mathematics content areas of algebra, geometry, trigonometry … etc.  Instead, all content areas were taught together in each grade level, including discrete mathematics such as probability, set theory, logic, and statistics.  Consequently, Thai students learn mathematics eight hours per week.  After school, and on the weekends, many Thai students spend hours in study centers to learn more, and also practice on both topics that were covered in school, as well as more advance topics that were not.  When I married my husband and moved to the United States in July of 2002, I was not expecting to continue my teaching career.  My hope, unusually enough, was to work in a bank, a job that in Thailand holds much esteem.  However, my husband felt that I would be wasting my skills and should pursue my first love of teaching.  With his help in learning English, by 2006 I was able to get a full-time position as a mathematics teacher within Clark County School District.  The following year, I enrolled in the masters' degree program for the study of secondary mathematics at the University of Nevada, Las Vegas.  Through the program, I have gained a functional understanding of the United States' educational system, as well as discovered new math knowledge that has benefited both my students and me.  This report will exemplify that knowledge.

Learning to teach mathematics is on an upper level when compared to simply learning mathematics itself.  Learning theories serve a purpose of combining the commonalities between them.  There are many learning theories available from which to draw.  However, there are two learning theories that fit my teaching style.  

The first theory is the theory of “equilibrium” and “disequilibrium” by Piaget.  Piaget (1977) believed that all learning occurs because of a learner's effort to move from “disequilibrium” to “equilibrium.”  For example, if one feels uncomfortable at some position, one will want to move to a more comfortable place (Piaget, 1977).  So, as a teacher, I would want to guide students to where they feel equilibrium, such as to create a lesson based on students' prior knowledge.   In the mean time, I have to avoid pushing students into disequilibrium which tends to cause them to shut down.  All learning stops at that point, and most often inside the mathematics classroom.  

Students are afraid of being called on for answering math questions, most likely due to a lack of confidence in their understanding of the material, and a fear of simply giving the wrong answer.  Such fear may be allayed by asking questions based upon the student’s stage in the learning process.  Piaget (1977) concluded that cognitive development takes place in different stages.  From newborn through two years of age, a child gains understanding of the world through tactile interaction and observation.   Between two and seven years of age, they begin to think symbolically, such as with words.  During preadolescence, concrete experiences take on basics of logic such as the "Law of Conservation."  A child in this stage can also count, understand the relationships between objects, and can organize them in order such as arranging a set of numbers from smallest to highest value.  The teenager, at age eleven or older, can obtain mental structure and ways of learning that involve abstractions based upon hypotheses and in regards to possibilities and ideals that are in disagreement with existing and/or immediate reality (Wadsworth, 2003). 

The second learning theory that I have adopted into my teaching style is Bloom's Taxonomy of the Cognitive Domain.  When the Cognitive Domain came out in 1950, it changed how educators went about asking questions.   The Cognitive Domain has helped teachers create high-level-thinking questions for students.  Bloom (1956) divided the Cognitive Domain into six modules: knowledge, comprehension, application, analysis, synthesis, and evaluation.  
Knowledge is the lowest level of cognition; however it should not be ignored.   It is focused on the memory of facts and the ability to recall them such as “Show me an example of an equation of a line that passes through point (0, 3)?”  Many students fail to achieve in this level as soon as they leave the classroom simply due to a lack of repetitive exposure.  The next level is comprehension which is the learner's ability to understand and interpret information for example “What is wrong with the statement? ‘If you double the radius you double the area’ How can you correct it?”  The knowledge and comprehension levels are connected in that one needs to be able to understand content in order to grain long-term memory.  
At the third level of application, learners need to know how to apply knowledge and/or theories in problem-solving.  For example: If the sum of two numbers is 2 and the product of the same two numbers is 3, find the sum of the reciprocals of the two numbers?  Analysis is the level that extends from application to the next step.  In order to archive this level, learners need to separate a situation or problem and find out the "why" and decide which tools, (i.e. graphs, formulas, etc.) to apply to solve that problem or situation.  For example: How can you change the Pythagoras’ theorem so that it works for triangles that are not right-triangle?  
The following level, synthesis, is the opposite of analysis.  In this level, students reassemble concepts to create new ways to solving problems.  Synthesis helps students discover methods of solving problems that suit their specific needs.  For example: Explain how you will prove the Pythagoras’ theorem?  Are there other ways?  
The last level of cognition is evaluation.  For example: Explain why (a + b) (a – b) = a2 – b2, by drawing a diagram.  Teachers almost always grade their students' work.  Having learners evaluate their own work is a rarity.  To help learners gain this ability, a teacher much create a safe environment for each student “to judge the work of others at any level of learning with regard of its accuracy, completeness, logic, and contribution” (White, 2007, p. 161).  A teacher must help students master all levels of cognition by carefully creating questions that allow students to use each level of cognition to gain critical thinking skills. 

Often, I find myself asking questions that only require learners to memorize information just for passing standardized tests.  Having studied both Piaget and Bloom’s Taxonomy theories, I have realized that these types of questions only assess a basic level of thinking.  Therefore, during my Seminar in Curriculum and Instruction: Mathematics Education (CIS 717) class with Dr. Ford, spring 2009, I decided to study more about how Piaget and Bloom’s Taxonomy theories assisted teachers in creating questions to improve students' thinking skills, "Theoretical Framework of Questioning Strategies."   While doing research for this report, I found that it is not just asking good questions that helps students develop critical thinking skills, but specific “what, when, where" and "how” questions as well.  Just as Piaget (1977) stated that if a student was put in a situation wherein he or she did not feel comfortable, he or she would most likely stop thinking and ignore their surroundings, a teacher shaping his or her questions to target an individual or specific group of learners, the circumstances that would prompt a student to shut down would be greatly diminished (Thompson, 1990).  Instead of letting students answer questions in a highly competitive manner, a teacher might require the students to think to themselves at first and then write their ideas down.  Students can then share their ideas with a partner before they can get together with a group of four or five.  By doing this, a safe environment is created for learners to feel comfortable to answer the questions, and also develop their ability to listen and evaluate another's opinion.  To make sure that I truly understood how to apply Piaget and Bloom’s Taxonomy theories with questioning strategies during CIS 717, I also created a lesson plan called "Find the Volume Formula of a Rectangular Prism and Pyramid."  


Using this lesson plan helped me understand learning theories and questioning strategies that can benefit both my students and me.  I can structure lesson plans around building student confidence and improving general interest.  I believe all student responses and behaviors can be explained by learning theories.   However, it is important to choose those theories that fit one's own style of teaching best, tailored to the specific needs of the class and/or individual.

It is my belief that there are no natural walls preventing learning from taking place.  Anyone can learn regardless of culture, religion, sex or age.  As I had stated in more detail in my report for Philosophy of Curriculum and Instruction for Secondary Education Curriculum (CIS 705) by Dr. Young the summer of 2007, Ernest (1991) stated that “Informal learning is often self-directed and takes place without explicit teaching” (p. 9).  Formal knowledge often takes place inside schools or other institutions.  Today, teaching and learning, both formal and informal, happens anywhere and mostly anytime thanks to the new technologies, and more specifically, the Internet.

Many educators cannot immediately answer when asked the question, “What is a philosophy of mathematics education?” as there are many meanings that can be applied to the word ‘philosophy’ and the words ‘mathematics education’.  Ernest (1991) said that the philosophy of mathematics education is what “concerns the aims or rationale behind the practice of teaching mathematics” (p. 9).  I think that the philosophy of curriculum and instruction is necessary facet of philosophy of mathematics education.  Teaching mathematics is exceptionally challenging.   When preparing a lesson, teachers should have a clear idea of what they want students to achieve at the end of the lesson, how they are going about doing so, and why.

Schwab (1961) suggested that there are four commonplaces of teaching mathematics: subject of mathematics; learner of mathematics; mathematics teacher; and, the environment of teaching, which includes the relationship of mathematics teaching and learning/intent (p. 230).  His suggestions led to a characteristic set of problems and questions that became an agenda for a philosophy of mathematics education.  Brown (1995) looked at this philosophy of Schwab’s in other commonplaces of teaching.  He describes Schwab's philosophy as a combination of 'philosophy of learning mathematics, the philosophy of teaching mathematics', and the 'philosophy of society with respect to mathematics' (p. 16).  However, the debate about “What is the philosophy of mathematics education,” is still present in today's classrooms.  Overall, the philosophy of mathematics education are the answers to the questions of “What is mathematics; How does mathematics relate to society; What is the learning of mathematics; What is the teaching of mathematics; and, finally, What is the status of mathematics education as a knowledge field?” (Ernest, 1991)

How does a teacher’s educational philosophy affect mathematics education?  Thompson (1984) implies that teacher views, faiths and partialities about mathematics influence their teaching style (p. 125). Cooney (1988) finds that mathematics teachers’ philosophy makes a difference in how mathematics is taught inside the classroom (p. 356).  My philosophy of mathematics education is that all students can learn mathematics under the proper circumstances.  As a teacher, I understand that the process is not about the teacher, but it is about the learning and the learners.  To understand how a child learns, one has to know about learning theories.  Learning theories help educators understand how learners behave and suggest approaches that help any one individual learner gain new knowledge.   Learning theories, such as Paget’s theory, help teachers transfer a student’s knowledge to the next state of learning (Wadsworth, 2003).  However, teachers must be sure that students understand current lessons before moving to the next practices or lessons.  If there are any concerns that a learner may not understand, the concept or skill must be presented again.

What can educators do to evaluate students' understanding?  I believe that a good questioning strategies and questioning philosophy can guide a teacher to the point that they are comfortable with new knowledge.  Asking the right questions can go beyond rote memory skills and lead to the higher levels of understanding.  Bloom’s Taxonomy of Education Objectives is an important tool for teachers structuring questions from the lowest to highest levels of cognitive domain: knowledge, comprehension, application, analysis, synthesis, and evaluation. (Airasian et al., 2000) Overall, I believe that a good teacher is teaching and learning at the same time.   Teachers have to make sure the learning environment meets all learners’ needs.  Additionally, while teaching, teachers need to observe how students react to questions and lessons in order to improve their teaching style to better serve the ultimate goal of improving student achievement in mathematics. 
To the point: I would enthusiastically embrace a career in mathematics education research should the opportunity arise.  When I attended a research methods class with Dr. Lee (Spring of 2008) I had written an action research proposal about “The Graphing Calculator as an Aid to teaching Geometry.”    I was intending to conduct the research in the next school year (2008-2009).  Unfortunately, due to the budget cuts throughout the District, my research had to put on hold.  

There is plenty of data from mathematics research available.  When I studied this data, I found myself learning more about teaching and the learning of mathematics from different circumstances and different periods in time.  I have adopted a number of these "discoveries" to my teaching style.  I hope that combining teaching methods my students acquire the most knowledge and achieve a greater level of success.  However, not all of my research was beneficial.  

There was quite a bit of data that needed a few corrections.  I had critiqued an action research of “Elementary School Students’ Understandings of Technology Concepts” as part of my research critiques assessment with Dr. Lee's class.   This action research was designed to identify students’ understandings of selected technology concepts, and changes in that understanding, across a range of age levels through grades 2, 4 and 6 in elementary school.  From my point of view, there is a concern about the abuse of technology (especially calculators) with young learners.  Although I do believe that technology helps students practice problem solving skills, technology, such as a calculators, is overused or misused.  Pierce and Ball (2009) state that when asked about 'how mathematics teachers use technology in their classroom,’ a number of teachers referred to the technology they used in their own past learning, as opposed to technology used in their actual career application.  Teachers, who lack skills teaching mathematics, or even observing a mathematics classroom, tend to have limited development of visions about the task of technology in a mathematics classroom (p. 299).  

During topics in teaching secondary subjects on “Fractions” class with Dr. Speer the summer of 2008, I had written a critique of an article on the British Broadcasting Corporation (BBC).  The article topic was “Zero Dividing by Zero: a 1200 Years Old Problem.”  In this article, Dr James Anderson from the University of Reading's Computer Science Department pointed out that there exist a number that sits between stretching from negative infinity, through zero, and also to positive infinity, called “nullity.”  Later, he used this assumption to prove that zero divided by zero is equal to nullity.  There are a few reasons of why I choose to critique this article.  Firstly, as a mathematician, I know the fact that the operation of division of a non-zero real number by 0 is undefined because real numbers are not closed under division.  Secondly, let us say that “Z” is a real number, not equal to zero, so if 0/0 = Y; then, 0 multiplied by Y is equal to Z.  The question is “What is Y.”  Therefore this operation cannot be determined.  Finally, as a teacher I will could not introduce this theory to my mathematics classroom.  I believe that a theory that cannot be proven at a concrete level should not be taught in the average classroom, although it may possibly be worthy of some philosophic investigation as a matter of theory.

When planning for my lessons, especially algebra and trigonometry, I have to put myself into my students' role of thinking.  There are a number of math theories and properties that have to be introduced at the concrete level so that my students can understand.  For example, to help learners find the optimum angle to achieve the greatest distance, I have adopted Wood’s lesson, wherein he used water to investigate this topic.  Using a garden hose with a nozzle attached to make water flow in a constant pressure, one measures and records the distance of the stream as it travels in a horizontal direction along the ground from 0, 20, 30, 45, 60, and 75 degrees.  When teaching theories, a philosophy of mathematics education and questioning strategies have come together.  

Educators all agree that children have a different learning style.  For a teacher to use only one teaching method, regardless of how good it may be, it cannot meet the needs of all learners.  Students today should be expected to take an active role in developing skills that go further than just the simple rote memorization and recitation of correct answers.  Therefore, to deal with the everyday task of teaching and relating to students in the classroom, teachers need a pedagogical knowledge in mathematics (Vistro-Yu, 2000).  At this point one might ask “What is pedagogy?”  Pedagogy is the art and science of being a teacher.  In the other words, pedagogy is the correct use of teaching strategies.  Mathematics teachers need to choose an appropriate time and strategy in order to help all students succeed in today’s high-stakes testing environment, especially students who are struggling with the subject (Janzen, 2005).  

There are many teaching approaches of mathematics pedagogy.   Questioning strategies is of course one of them.  Paige and Bloom believed that by asking the right question at the right state of a child's development can be a mirror for a teacher to see how the student is thinking (Bloom, 1956; Paige, 1977).  To do this, a teacher must understand and be able to create good questioning strategies.   Wu (1993) suggested that “open-ended problems started off as a well-intentioned pedagogical device (p. 10).”  Assigning essay homework can be very challenging (i.e. difficult) in mathematics classes.  If the homework is too difficult, it will decrease the student’s motivation to complete it.  On the other hand, if it is too easy, students tend to believe that they will have mastered the subject prematurely, and progression will again lag.  Wu (1993) mentioned that by giving homework that each student can work on at their own level can help learners both improve mathematics skills and develop a positive attitude toward the subject (p. 9).  Making mathematics problems accessible to all students keeps learners engaged.  The question below is an example of an algebra question given to 9th graders.


A farmer is taking her eggs to market in her cart, but she is hit by a trailer truck.

Though she herself is unhurt, every last egg is broken. So she goes to her insurance agent, who asks her how many eggs she had. She says she doesn’t know, but she remembers from various ways she tried packing the eggs that when she put them into 2’s, there was one left over. When she put them into 3’s, there was one left over. When she put them into 4’s, there was one left over, and the same for 5’s and 6’s. But when she put them into 7’s, they came out even.

1. How many eggs did she have?

2. Is that the only answer possible?




(Wu, 1993)

In this question, more than one answer is correct.  Most students will most likely get the first answer as 301.  And if they have enough endurance they, will also find out that 721 is also a solution.  More advance students will develop the set of solutions as “310 + 420x.”  

The question helps low- and middle-learners gain confidence in their mathematical skills.  At the same time, it could be a challenging question for advanced students.  Plus, teachers can extend this question to real-life applications by redefining the problem, such as, “When the eggs are put into 4’s, there is one left over, and when put into 6’s, there is also one left over.”


Another way to understand how student’s thinking works is to look at their mathematical error pattern.  I found that number of my calculus students misuse and sometime misunderstood a notation of trigonometry.  The result is a low test score for calculus problems that related to trigonometry.  To solve this problem, I had studied my students' trigonometric notation error pattern.   Later, I presented these errors patterns in class and had students evaluate both their own work and another student's.  Consequently, my students became more aware of their mistakes. 


Technologies also play a big role for pedagogy in mathematics.  With today's technologies, teachers can create lessons that engage students challenging high-level thinking skills such as analysis, synthesis and evaluation (London, 2005).  Correctly applied, technology creates a comfortable environment more conducive to classroom learning.  Technologies, such as the Internet, helps me answer questions such as, “When am I going to use this in the real life?” “Why I have to learn these?”  In topics like, “exponential functions”, I have created two webquests: A Treasure Hunt on Advanced Algebra and A Treasure Hunt on Exponential Function.  In small group of two or three, students are required to complete these webquests by themselves, and write an essay about what they have learned.  

As a teacher knowing each student as an individual, I understand how their learning takes place.  And, combined with learning methods and applied appropriate technology, I have a pedagogy that helps students develop critical thinking and problem solving skills, as well as encourage a love of learning mathematics.

The National Council of Teachers of Mathematics (NTCM) (1989) issued Curriculum and Evaluation Standards for School Mathematics (NCTM, 1989/2000).  Many states and districts adopted the standards as the primary schematic for their mathematics program, or as a foundation for the development of their own curricula to address the NCTM Standards.  However, due to many changes in the latest research on mathematics education, and the existence of technologies both inside and outside mathematics classroom, the NCTM published the Principles and Standards for School Mathematics in April of 2000.  In the new standards, the NCTM established that all students should study mathematics for the full four years of high school.  The Principles and Standards for School Mathematics by the National Council of Teachers of Mathematics (NCTM) provided the achievement standards for high school graduates throughout the United States.  Principles and Standards included a general philosophy for school mathematics, content standards, and process standards for pre-kindergarten through grade 12 (K-12) mathematics educations (NCTM, 1989/2000).   


The NCTM has divided its principles into six factors: equity, curriculum, teaching, learning, and assessment.  These principles can be explained as follows:    

1. There are high expectations and strong support for all students.

2. A core curriculum must be rational, well-communicated and focused on mathematics across all grade levels.         

3. Teachers must understand the student's prior knowledge, as well as be able to plan new lessons to challenge and support the learner’s mathematics skills.    

4. Students should learn mathematics from their own experience while building upon their prior knowledge. 

5. Assessments must provide useful information to both teachers and students, and should support the learning of mathematics.  

6. Technology should influence how mathematics is taught and how it improves student's learning.    (NCTM, 2000)                                                                          

The NCTM criterion separate into ten standards.  The first five divide mathematics content into numbers and operations, algebra, geometry, measurement and data analysis and probability (NCTM, 2000).  Creating an environment to help my students achieve success in these areas presents a worthy challenge.  Below are examples and explanations of how I go about making sure that my students meet the criterion.

Standard 1: Number and Operations:

In Algebra, one of the activities that I would use to help learners understand the meaning of operations, and how they relate to one another, is by using sets of cards for matching pairs of mathematics objects with an equivalent meaning.  For example, if students are able to match cards below, then they can understand division notation.
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This activity can also help address misconceptions of mathematics notation.  For example, students can use the cards below to practice their understanding of algebraic notation.   
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Standard 2: Algebra:

Often, I use questioning strategies to help learners understand patterns, relationships and quantitative relationships.  Below is example of original questions.

[image: image6.png]


Base on the diagram below:

(1) How many squares will be in Diagram 6?

(2) Write down an expression for the number of squares in Diagram n.

(3) Which diagram will have 125 squares?

After students answer these questions, I then ask, “Can you have a diagram with 400 squares?  How can you be sure?”  To expand their understanding, I would also query, “What other questions may have been asked?”  Students might try to modify the question in different ways, such as, “The first cross is 3 squares long.  How long is the nth cross? The first diagram has a perimeter of 12. What is the perimeter of the 4th diagram, the 100th diagram, the nth diagram? Is it possible to draw a cross diagram with a perimeter of 100?  How can you be sure?”  
Standard 3: Geometry:

My students’ favorite lesson supporting the geometry standard is Conjectures for Congruence and Similarity.  I found this lesson plan on the Internet.  My students like it because instead of completing the lesson inside classroom, we go outside and gather real-world data, which also helps them develop long-time memory through expanded interaction.  
Standard 4: Measurement:

In 2007, I modified a “Proving Formula for the Surface Area of a Sphere” lesson to encourage learners to apply appropriate techniques, tools and formulas to determine measurements.  This hands-on lesson helped my students prove without creating formal form of proving. 
Standard 5: Data Analysis and Probability:

This topic can be much fun when applied to real-world applications.  I found that the game helps students understand how to apply basic concepts of probability.  In the lesson of Probability and Geometry, I have students work with rolling two dice, marbles in a spinner, and card trick to investigate and predict each experiment's probability. 

The second five NCTM standards target the processes of problem solving, reasoning and proof, connections, communication and representation.
Standard 6: Problem Solving:

Building new mathematical knowledge through problem-solving is crucial in mathematics education.  To create this type of activity, I give my students problems that are both challenging, and which I can know that they can solve correctly.  After they feel comfortable solving problems, I then ask them to construct their own problems which will reflect their level of achievement.  For example, I ask students to make up problems that test all the techniques in which one might use Pythagoras’ Theorem.

Standard 7: Reasoning and Proof:

Many students find reasoning and proofing difficult topics.  To help learners scaffold this issue, I put some reasoning on cards, and then I ask students to correctly order the steps of the explanation or argument.  In Calculus, “Finding the Turning Points of Three Functions” lesson starts by giving students a set of cards that contain every step of the topic:  three functions, their derivatives, second derivatives, factorizations of these, values of x that make it zero and a card that shows the turning points of the functions.  Students have to arrange these cards into three sequences showing logical, step-by-step solutions.   
Standard 8: Communication:

Many students do not like mathematics.  Among high school students, Calculus is the subject that is avoided most without understanding its importance.  One of the reasons is because of a miscommunication in how mathematics can be used in everyday life.  Therefore, at the beginning of each school year, I have my Calculus students complete a unit called “The Internet as an Inquiry Tool.”  In this unit, students will use the Internet to organize and combine information about Calculus, such as “How is calculus used in real world situations?”  As a group, they use the language of mathematics to express Calculus. Students create a webpage to express their investigation to both myself and their classmates.  After they have completed this unit, they have learned more about mathematics surrounding them and hopefully have developed a positive view of mathematics. 
Standard 9: Connections:

Today's technologies assist educators, including myself, to build connections among mathematics ideas and contexts outside of mathematics.  Students always have difficulties memorizing mathematics formulas.  I solved this problem by creating a lesson called “Connecting Geometry Formulas.”  Using Geometer Sketchpad Software helps connect the circle formula, the Pythagorean Theorem and the distance formula.  Following the lesson, my students conclude that all three formulas have the same root.
Standard 10: Representation:

In this standard, I have my students read the book “Zero to Lazy Eight: The Romance of Numbers” by Humez and Maguire.  My students are required to write a journal about how the book communicates mathematics ideas.  Also, they need to indicate how the book's contents can be applied inside the mathematics class.  In addition, learners much explain how the book can be used in other area of mathematics or/and subjects.

“Together, the Principles and Standards constitute a vision to guide educators as they strive for the continual improvement of mathematics education in classroom, school, and educational systems (NCTM, 2000, p. 11).”
In conclusion, it is clear that teaching mathematics to new generation is demanding.  As time goes by, factors of mathematics education are constantly evolving.  Technologies become human friendly.  Learners find new ways to gain knowledge of mathematics.  Researchers and educators develop new teaching methods to meet the needs of new generations.  Mathematics teachers much make sure of their content knowledge, and that their mathematics teaching styles are current.  This requires that good mathematics teachers should revisit existing learning theories, as well as study new theories as needed.  In the final analysis, teaching mathematics is about how students learn mathematics.  
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